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ABSTRACT

A comprehensive mathematical model, capable of representing urbai
storm water runoff, has been developed to assist administrators and en
gineers in the planning, evaluation, and management of overflow abate-
ment alternatives.

Hydrographs and pollutographs (time varying quality concentrations
or mass values) were generated for real storm events and systems from
points of origin in real time sequence to points of disposal (including
travel in receiving waters) with user options for intermediate storage
and/or treatment facilities. Both combined and separate sewerage system
may be evaluated. Internal cost routines and receiving water quality ou
put assisted in direct cost-benefit analysis of alternate programs of
water quality enhancement.

Demonstration and verification runs on selected catchments, varying
in size from 180 to 5,400 acres, in four U.S. cities (approximately 20
storm events, total) were used to test and debug the model. The amount
of pollutants released varied significantly with the real time occurrence
runoff intensity duration, pre-storm history, land use, and maintenance.
Storage-treatment combinations offered best cost-effectiveness ratios.

A user's manual and complete program listing were prepared.

This report was submitted in fulfillment of Projects 11024 EBI, DOC
and EBJ under Contracts 14-12-501, 502, and 503 under the sponsorship of
the Environmental Protection Agency.

The titles and identifying numbers of the final report volumes are:

Title EPA Report No.

STORM WATER MANAGEMENT MODEL 11024 DOC 07/71
Volume I - Final Report

STORM WATER MANAGEMENT MODEL 11024 DOC 08/71
Volume II - Verification and Testing

STORM WATER MANAGEMENT MODEL 11024 pocC 09/71
Volume III - User's Manual

STORM WATER MANAGEMENT MODEL 11024 DOC 10/°
Volume IV - Program Listing
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SECTION 1

INTRODUCTION

Under the sponsorship of the Environmental Protection Agency a
consortium of contractors--Metcalf & Eddy, Inc., the University of
Florida, and Water Resources Engineers, Inc.--has developed a compre-
hensive mathematical model capable of representing urban storm water
runcff and combined sewer overflow phenomena. Correctional devices in
the form of user selected options for storage and/or treatment are pro-
vided with associated estimates of cost. Effectiveness is portrayed by
computed treatment efficiencies and modeled changes in receiving water

quality.

PRESENTATION FORMAT

The project report is divided into four volumes. This volume, the
"User's Manual," contains program descriptions, flow charts, instruc-

tions on data preparation and program usage, and test examples.

Volume I, the "Final Report," contains the background, justifications,
judgments, and assumptions used in Model development. It further in-
cludes descriptions of unsuccessful modeling techniques that were
attempted and recommendations for forms of user teams to implement

systems analysis techniques most efficiently.

Volume II, "Verification and Testing," describes the methods and results

of Model application in four urban catchment areas.



Volume IV, "Program listing," lists the main program, all subroutines,

and JCL as used in the demonstration runs.

THE COMPREHENSIVE MODEL

The comprehensive Storm Water Management Model uses a high speed digital
computer to simulate real storm events on the basis of rainfall (hyeto-
graph) inputs and system (catchment, conveyance, storage/treatment, and
recelving water) characterization to predict outcomes in the form of

quantity and quality values.

The simulation technique--that is, the representation of the physical
systems identifiable within the Model--was selected because it permits
relatively easy interpretation and because it permits the location of
remedial devices {(such as a storage tank or relief lines) and/or denotes
localized problems (such as flooding) at a great number of points in the

physical system.

Since the program objectives are particularly directed toward complete
time and spatial effects, as opposed to simple maxima (such as the
rational formula approach) or only gross effects (such as total pounds
of pollutant discharged in a given storm), it is considered essential to
work with continuous curves (magnitude versus time), referred to as
hY@ng{aPQS_gpd‘"pollutog:aphs." The units selected for quality repre-
sentation, pounds per minute, identify the mass releases as these por-
tray both the volume and the conceﬁtration of the release in a single
term. Concentrations are also printed out within the program for com-

parisons with measured data.



An overview of the Model structure is shown in Figure 1-1. 1In simplest
terms the program is built up as follows:
1. The input sources:
RUNOFF generates surface runoff based on an arbitrary rainfall
hyetograph, antecedent conditions, land use, and topography.
FILTH generates dry weather sanitary flow based on land use,
population density, and other factors.
INFIL generates infiltration into the sewer system based on
available groundwater and sewer condition.
2. The central core:
TRANS carries and combines the inputs through the sewer system
in accordance with Manning's equations and continuity; it assumes
complete mixing at various inlet points.
QUAL routes pollutants through transport and models quality
changes due to sedimentation or scour.
3. The correctional devices:

TSTRDT, TSTCST, STORAG, TREAT, and TRCOST modify hydrographs

and pollutographs at selected points in the sewer system,
accounting for retention time, treatment efficiency, and other
parameters; associated costs are computed also.

4. The effect (receiving waters):
RECEIV routes hydrographs and pollutographs through the
receiving waters, which may consist of a stream, stream bed;

lake or estuary.

The quality constituents considered for simulation are the 5-day BOD,
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total suspended solids, total coliforms (represented as a conservative

pollutant), and DO. These constituents were selected on the basis of

available supporting data and importance in treatment effectiveness
evaluation. Notable omissions, such as floatables, nutrients, and
temperature, fell outside the scope of this initial work. Other para-
meters, such as COD, volatile suspended solids, settleable solids, and
fecal coliforms, can be developed by paralleling the structures of their

modeled counterparts.

PROGRAM BLOCKS

The adopted programming arrangement, as shown in Figure 2-1, consists of
a main control and service block, the Executive Block, and four compu-
tational blocks: (1) Runoff Block, (2) Transport Block, (3) Storage

Block, and (4) Receiving Water Block.

Executive Block

The Executive Block assigns logical units (disk/tape/drum), determines
the block or sequence of blocks to be executed, and, on call, produces
graphs of selected results on the line printer. Thus, this Block does
no computation as such, while each of the other four blocks are set up
to carry through a major step in the quantity and quality computations.
All access to the computational blocks and transfers between them must
pass through subroutine MAIN of the Executive Block. Transfers are ac-
complished on offline devices (disk/tape/drum) which may be saved for

multiple trials or permanent record.



Runoff Block

The Runoff Block computes the storm water runoff and its characteristics
for a given storm for each subcatchment and stores the results in the

form of hydrographs and pollutographs at inlets to the main sewer system.

Transport Block

The Transport Block sets up pre-storm conditions by computing DWF and
infiltration and distributing them throughout the conveyance system.

The block then performs its primary function of flow and quality routing,
picking up the runoff results, and producing combined flow hydrographs
and pollutographs for the total drainage basin and at selected inter-

mediate points.

Storage Block

The Storage Block uses the output of the Transport Block and modifies the
flow and characteristics at a given point or points according to the
predefined storage and treatment facilities provided. Costs associated
with the construction and operation of the storage/treatment facilities

are computed.

Receiving Water Block

The Receiving Water Block accepts the output of the Transport Block
directly, or the modified output of the Storage Block, and computes the
dispersion and effects of the discharge in the receiving river, lake, or

bay.

In principle, the capability exists to run all blocks together in a

given computer execution, although from a practical and sometimes



necessary (due to computer core limitations) viewpoint, typical runs
involve one or two computational blocks together with the Executive
Block. Using this approach avoids overlay and, moreover, allows for
examination of intermediate results before continuing the computations.
Further, it permits the use of intermediate results as start-up data in
subsequent execution runs, thereby avoiding the waste of repeating the

computations already performed.

This manual expands on these block descriptions by providing for each
block:
1. Descriptions of the program subroutines with flow charts.
2. Instructions on data preparation with tables for data card
input requirements and an alphabetical list of variables.
3. Examples of the application of procedures described with sample

I/0 information reproduced.

NOTE: Where maximum quantities (i.e., number of watersheds, number of
elements, etc.) are specified, these represent the maximum array areas
reserved by the program. These numbers cannot be exceeded without
revising the appropriate common, dimension, and related statements. For
special runs it may be desirable to reallocate this available array area

(e.g., to increase the total number of time-steps above 150).
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SECTION 2

EXECUTIVE BLOCK

BLOCK DESCRIPTION

The Executive Block performs three functions:

1. Assignment of logical units and files

2. Control of the computational block(s)

3. Graphing of data files by line printer.
The Executive Block consists of a MAIN program and four subroutines that
are used to produce graphical output by means of the line printer. The
line count for the FORTRAN program is close to 380 lines. No computations
as such are performed, except those having to do with scaling variables

for graphing. A flow chart of the Executive Block is shown in Figure 2-1.

SUBROUTINE DESCRIPTIONS

MAIN Program

The MAIN program assigns logical units and files, and controls the com-
putational block(s) to be executed. These functions depend on reading
in a few data cards which must be supplied according to the needs of a
given computer run. In addition, the MAIN program reads certain general
data and title information from cards and prints a suitable heading at
the beginning of the line-printer output. A flow chart of the MAIN

program is shown in Figure 2-2.

Since the various blocks use logical devices for input and output of
computations, the MAIN program has provision for assigning logical unit

numbers by reading two data cards. The first card may contain up to 20

13
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Figure 2-2. MAIN PROGRAM
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integer numbers, corresponding to 10 input and 10 output units. It is
not necessary, however, to make such a large number of assignments for
the usual run; in fact, there have been few occasions during the devel-
opment and testing of the model when more than 4 units have been needed.
The files that are produced on these units are saved for use by a sub-
sequent computational block; also, the information contained in them can
be examined directly by using the graphing capability of the Executive
Block. The other unit assignments on the second data card are for scratch
files, i.e., files that are generated and used during execution of the
program, and are erased at the end of the run. Again, there is provi-
sion for up to 5 such units, but only 1 or 2 are typically needed. The
unit numbers are passed from the MAIN program to all pertinent subrou-

tines by use of a labeled COMMON statement.

Subroutine GRAPH <::>

The graphing subroutines enable hydrographs and pollutographs to be

plotted on the printer for selected locations on the data file. GRAPH
is the driving subroutine, and it calls CURVE to produce the actual

page of plotted output.

The subroutine GRAPH (IC) operates on two modes which are dependent upon

the value of IC in the calling sequence.

If IC = 0 (when called by the Runoff Block), control information is read

from cards.

If IC = 1 (when called in the Executive Block), both control information

and title information are read from cards.

16



Subsequently, both options join and the subroutine proceeds as one flow
sequence as follows:
1. Information is read from the data file indicating the structure
that file.
2. An array ITAB is set up indicating which locations of the
data file record are to be plotted.
3. All hydrograph and pollutograph information is read from the
data file.
4. For each type of hydrograph and pollutograph, individual curves
are selected, transferred into plotting arrays, and outputted

in a final plotted form by subroutine CURVE.

Subroutine CURVE

The subroutine CURVE performs the following operations:
1. Determines maximum and minimum of arrays to be plotted.
2. Calculates the range of values and selects appropriate scale
intervals.
3. Computes vertical axis labels based upon the calculated scales.
4. Computes horizontal axis labels based upon the calculated scales.
5. Joins individual parts of the curve by subroutine PINE.

6. Outputs final plot.

Subroutine PINE

This subroutine joins two coordinate locations with appropriate char-

acters in the output image array A of PPLOT.

17



Subroutine PPLOT

This subroutine initializes the plotting array, stores individual loca-

tions, and outputs the final image array A for the printer plot.

INSTRUCTIONS FOR DATA PREPARATION

The instructions for data preparation are divided into three parts
corresponding to the JCL, the MAIN program usage, and the graphing
portion of the Executive Block. Figure 2-3 and Tables 2-2 and 2-3 at
the end of these instructions give the procedure for data card prepar-

ation and list the variables that are used.

Job Control Language (JCL)

The assignment of logical units requires, in general, the provision for
files to be written on specific physical devices. To accomplish this

the programmer must supply the necessary JCL. As a rule, JCL is highly
machine-dependent; in fact, it often differs on two identical machines

at different installations. Therefore, the Storm Water Management Model
cannot include JCL that is universally applicabie. The following remarks,
however, may be useful in gaining insight into what is inveclved on systems

such as an IBM 360/65 or IBM 360/67.

It is convenient on these machines to use the 2314 Disk Storage Devices
rather than tape units because of the inherently faster reading and

writing speed. At most installations the logical unit corresponding to
the card reader is given the number 5 and the line printer is given the
number 6. The Storm Water Management Model is programmed on the assump-

tion that units 5 and 6 are so used. Typically, the systems programmers

18



have provided the necessary JCL for these units and also for the card
punch. Moreover, JCL may have been provided for scratch units, in which
case the unit assignments for scratch files can take advantage of the

existing JCL.

Usually, however, the data file and scratch file assignments require
JCL to be supplied for each unit. The rules for such JCL must be ascer-
tained from the systems programmers at the installatiocn, since there is
considerable variation in unit number availability, etc. In general,
one should only set up the units needed in a given run, since there may

be a charge for file space that is reserved, even if it is not used.

MAIN Program

The MAIN program controls the computational block(s) to be executed by
reading alphameric information on sentinel cards. The array CNAME is

read as two alpha words on a single card, each in format of type 24.

Thus, for example, CNAME (1) might be WATE and CNAME (2) might be RSHE.
When combined, as in printout, the resulting match gives the control
word WATERSHE. The program compares this word with a dictionary of such
words stored by a DATA statement in the array PNAME., If a match is
found, as it would be in this case, control is passed to the appropriate
point in the MAIN program to call the initial subroutine of the compu-
tational block. Here, for example, a call would be made to the sub-
routine RUNOFF, which is the initial subroutine for the Runoff Block.
After execution of the Runoff Block, which involves calls, in turn, to

a number of subsidiary routines, control is eventually returned to the

19



MAIN program.

The MAIN program again reads a sentinel data card, which might indicate
that another block is to be executed. For example, if the Transport
Block is to be executed, the control word TRANSPOR would be given, etc.
If results are to be graphed, the control word GRAPH would be on the
sentinel card, or, if the run is to be terminated, the word ENDPROGR is
given on the card. A summary of the control words and corresponding

action is given in Table 2-1.

The use of control words on sentinel cards allows considerable flex-
ibility in utilization of the Storm Water Management Model. The most
common type of run involves execution of one of the computational blocks
along with the graphing of results on the line printer. Thus, for the
Runoff Block, such a run would be made by appropriate use of the words
RUNOFF, GRAPH, and ENDPROGR. If the entire Model were to be run with
graphical output at the end of, say for example, the Transport Block,
the sequence would be RUNOFF, TRANSPOR, GRAPH, STORAGE, RECEIVIN, and
ENDPROGR. Actually, such a run is prohibitive from the standpoint of
machine core storage for most systems, but the program capability is

available if such a run is desired.

In order that the program may be used in the way outlined above, dummy
subroutines were added to the various blocks so that the program will
not terminate because of a "missing" subroutine. This seemed a small

price to pay for the convenience and flexibility of the present method.
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Table 2-1. SUMMARY OF CONTROL WORDS AND CORRESPONDING ACTION
FOR MAIN PROGRAM

Control Word Action to be Taken

WATERSHE Execute Runoff Block

TRANSPOR Execute Transport Block
STORAGE Execute Storage Block

RECEIVIN Execute Receiving Water Block
GRAPH Produce graphs on line printer
ENDPROGR Terminate run

Any other word Terminate run

Subroutine GRAPH

The data cards required for subroutine GRAPH are minimal. The first

card supplies control information, such as in which tape/disk the hydro-
graphs and pollutographs are stored, the number of curves per graph,

and number of pollutants., Element numbers of which plots are to be

made are given on the next card. The last three cards supply the titles
for the curves, the horizontal axis label, and the vertical axis label.
The vertical axis label card is repeated for each pollutant to be plotted

and for the hydrograph in the order in which they are to be printed out.
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(GRAPH DATA CARDS

( CNAME = GRAPH

I
—

r RECEIVING DATA CARDS

( CNAME = RECEIVIN

{STORAGE DATA CARDS

/ CNAME = STORAGE

=
f amae

(TRANSPORT BLOCK OATA CARDS

(CNAME = TRANSPOR

r RUNOFF BLOCK DATA CARDS

{CNAME = WATERSHE

fSCRATCH TAPE ASSIGNMENTS

(INPUT/OUTPUT TAPE ASSIGNMENTS

( STORM, RAIN

( NSERYS, ACRES, ADDWF, ETC.

TITLE CARD

Figure 2-3. DATA DECK FOR THE EXECUTIVE BILOCK
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Table 2-2. EXECUTIVE BLOCK CARD DATA
Card Card Variable Default
Group Format Colunns Description Name Value
1 1074 1-40 Title Card, title of the area being TITLE1l none
studied.
2 General information about the studied
area.
15 1-5 Demonstration series number. NSERYS none
F10.1 6-15 Number of acres of the study area. ACRES none
Fl0.2 16-25 The average daily DWF for the study area. ADDWF none
15 26-30 Design flow rate frequency, yrs. NDESYR none
F10.1 31-40 Design flow rate (cfs). DESFLO none
I5 41-45 Number of storms being studied. NSTRMS none
F10.1 46-55 Maximum available trunk sewer capacity QTRUNK none
(cfs).
REPEAT FOR THE NUMBER OF STORMS.
3 Storm data cards.
424 1-16 Date of storm. STORM none
474 17-32 Amount of rainfall for this storm. RAIN none
4 I/0 tape/disk assignments.
2014 1-4 Input tape assignment for first block JIN(1) none
to be run.
5-8 Output tape assignment for first block JOUT(1) none
to be run.
9-12 Input tape assignment for second block JIN(2) none
to be run (usually the same as the output
tape from first block}.
13-16 Output tape for second block to be run. JouT (2) none
77-80 Output tape for tenth block to be run. JOUT(10) none
5 Scratch tape/disk assignments.
2074 1-4 First scratch tape assignment. NSCRAT (1) none
5-8 Second scratch tape assignment. NSCRAT (2) none
9-12 Third scratch tape assignment. NSCRAT (3) none
13-16 Fourth scratch tape assignment. NSCRAT (4) none
17-20 Fifth scratch tape assigument. NSCRAT (5) none
NOTE :

All non-decimal numbcrs must be right-justified.
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Table 2-2. (continued)

Card Card Yariable Default
Group Format Columns bescription Name Value
REPEAT CARD 6 FOR EACH BLOCK TO BE CALLED.
Control cards indicating which blocks
6 in the program are to be called.
20R4 1-80 Name of block to be called.* CNAME none
= WATERSHED for Runoff Block,
= TRANSPCRY for Transport Block,
= RECLIVING for Receiving Water Block,
= STORAGE for Storage Block,
= GRAPH for GRAFH subroutines,
= ENDPROGRAM for ending the storm
water similation.
INSERT THE REMAINING CARDS, IF CARD
GROUP 6 INCLUDES CNAME = GRAPH, IMMED-
IATELY FOLLOWING EACH GRAPH CARD.
7 Control card.
415 1-5 Tape/disk (logical unit) assignment NTAPE none
where graph information is stored.
6-10 Number of curves of a graph. NPCV 5
11-15 Number of pollutants to be plotted. NOP 0
16-20 Number of inlets to be plotted. NPLOT All curves
on file
IF NPLOT = O (OR BLANK) LDELETE THIS CARD,
8 Inlet selection card.
16L5 1-5 First inlet number to be plotted. IPLOT(1) none
6-10 Second inlet number to be plotted. IPLOT(2) none
. Last inlet number to be plotted. IPLOT(NPLOT) none
2 Title card.
18a4 1-72 Title printed with the plots. TITL none
10 Horizontal axis label.
20A4 1-80 Horizontal axis label. HRIZ none
REPEAT NQP + 1 TIMES
11 Vertical axis label,**
2R4 1-8 Line } of vertical axis label, VERT({1) none
9-16 Line 2 of vertical axis label. VERT (2) none
3a4 17-28 Line 3 of vertical axis label. VERT (3) none

*Name wust start in column 1,
w*rhe first plot to be printed is a flow hydrograph; the second is
and the last is coliform.

GRATH may be called more than once.
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EXAMPLE

A hypothetical test area, Smithville, U.S.A., is used to show the data
input and portions of the resulting output as required and accomplished
by the Executive Block. Table 2-4 is an example of the data deck. The
first card is the job title card, the following card supplies general
information about the study area used in the title printout, and the
third card gives the data and quantity of rainfall for the storm being
studied. The next two cards are the tape/disk (file) assignments for
transferring information from one program block to another, and the scratch
tape/disk assignments, respectively. The first two numbers, zero angd
eight, refer to the input and output files for the Ranoff Block. Since

an input file for this Block is not required, the first number is zero.

The output file for Runoff is also the input file for Transport and there-
fore eight is the first number in the next group of two numbers denoting
Transport Block's tape/disk assignments. Nine is the Transport output
file. When no other blocks are to be called, the rest of the card is

left blank or replaced with zeros. The numbers on the second card refer
to the scratch files. A maximum of four are required when using the
Transport Block. (Note: all required tape/disk assignments must be

properly defined with JCL cards.)

This first group of data cards is used by subroutine MAIN for the logical
unit assignment (tape/disk) and title information for the Storm Water
Management Model. The succeeding groups of cards are preceded with a
control card used by subroutine MAIN. This card transfers control to the

appropriate program block. In this example, four such cards exist,
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WATERSHED, TRANSPORT, GRAPH, and ENDPROGRAM. The data following the first
two control cards has been deleted for clarity. The GRAPH card is
followed by input data for the plotting of output found on tape/disk nine.

ENDPROGRAM needs no succeeding cards.

Partial output from the Executive Block is shown in Table 2-5 and

Figure 2-4.
Table 2-4. DATA INPUT FOR SMITHVILLE TEST AREA
CARD
GROUP
DATA NO.
SMITHVILLE, USA PROGRAM CHECK 1
1 500.0 0.00 0 0.0 1 0.0 2
MADE-UP STORM 1.22 3
0 8 8 9 9 0 b4
1 2 3 4 13 5
WATERSHED
TRANSPORT 6
GRAPH
9 1 3 1 7
13 8
GRAPH OF THE TRANSPORT OUTPUT TAPE 9
TIME IN HOURS 10
FLOW IN CFS 11
ENDPROGRAM 6
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SECTION 3

RUNOFF BLOCK

BLOCK DESCRIPTION

The Runoff Block has been developed to similate both the quantity and
quality runoff phenomena of a drainage basin and the routing of flows

and contaminants to the major sewer lines. It represents the basin by an
aggregate of idealized subcatchments and gutters. The program accepts an
arbitrary rainfall hyetograph and makes a step by step accounting of rain-
fall infiltration losses in pervious areas, surface detention, overland
flow, gutter flow, and the contaminants washed into the inlet manholes

leading to the calculation of a number of inlet hydrographs and pollutographs.

The drainage basin may be subdivided into a maximum of 100 subcatchment
areas. These, in turn, may drain into a maximum of 100 gutters or pipes
which finally connect to the inlet points for the Transport Model. The
relationships among the eight subroutines which make up the Runoff Block

are shown in Figure 3~l1. The total number of cards required is about 1,300.

This section describes the subroutines used in the Transport Block, pro-

vides instructions on data preparation, and furnishes examples of program

usage.

Surface Flows

The core of the Runoff Model is the routing of hydrographs through the
system. This is accomplished by a combination of overland flow and pipe

routing.
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EXECUTIVE
BLOCK

e RUNOFF

Note:

RHYDRO
—————
>
WSHED
-1———————7
> HYDRO
———>
— ——— GUTTER
«—>
__—H
HCURVE
———
————
\___._H
; GRAPH
——
| A |
——————p
SFQUAL

Subroutine GRAPH is a part of the Executive Block but is

shown here since it is called directly by RUNOFF.

Figqure 3-1.
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Three types of elements are available to the user:
1. Subcatchment elements (overland flow)
2. Gutter elements (channel flow)

3. Pipe elements (special case of channel flow)}.

Flow from subcatchment elements is always into gqutter/pipe elements,

or inlet manholes. The subcatchment elements receive rainfall, account-
for infiltration loss using Horton's equation, and permit surface storage
such as ponding or retention on grass or shrubbery. If gutter/pipe
elements are used, these route the hydrographs from the watershed elements
to the entry to the main sewer system. Pipes are permitted to surcharge

when full.

Surface Quality

The quality of the inlet flows is determined separately (subroutine
SFQUAL) from the inlet hydrographs. The quantity of pollutants washed
off the land surface of the drainage basin is added directly to the
inlet manholes. Initially the program calculates the amount of contami-
nants allowed to accumulate on the ground prior to the ‘storm, and then,
taking into account rainfall intensity, major land use, and land slope,
the washed off pollutants are added to the inlet manholes resulting in

pollutographs.

Output from the program consists of hydrographs and pollutographs on
disk/tape for use in the Transport Block and printed and/or plotted

information for the user.

37



SUBROUTINE DESCRIPTIONS

Subroutine RUNOFF <::>

This is the subroutine called by the Executive Block to gain entrance
to the Runoff Block. This program prints "entry made to the Runoff
Model" and then acts as the driver routine for the block. Figure 3-2

is the appropriate flow chart.

Subroutine HYDRO (::)

This subroutine computes the hydrograph coordinates with the assistance

of three core subroutines, i.e., RHYDRO, WSHED, and GUTTER, as shown in
FPigure 3-3. It initializes all the variables to zero before calling
RHYDRO to read in the rainfall hyetograph and information concerning
the inlet drainage basin. According to the upstream and downstream
relationship, the subroutine sequences the computational order for

gutters/pipes.

A DO loop is formed to compute the hydrograph coordinate for each
incremental time-step. In each step, subroutine WSHED is first called

to calculate the rate of water flowing out of the idealized subcatchments.
GUTTER is then called to route the flow, according to the input from
tributary subcatchments and gutters. Water flowing into the inlet point,
be it from gutters or direct drainage from subcatchments, is added up for

a hydrograph coordinate.

During the process of computation, an accounting is made for the deposition
of rainfall water in the form of runoff, detention, and infiltration 1loss.

A mass continuity can therefore be checked and printed for reference.
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Figure 3-2. SUBROUTINE RUNOFF
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ENTRY CHECK
CONTINUITY

INITIALIZE )
n‘,R[TE
VARIABLES CONTINUITY
SUMMARY
CALL
RHYDRO PLOT
RAINFALL
HYETOGRAPH
SEQUENCE
GUTTER PLOT
RUNOFF

HYDRGGRAPH

RETURN

CALL
WSHED @

CALL
GUTTER

COMPUTE
HYDROGRAPH
COORDINATE

~<{LooP

Figure 3-3. SUBROUTINE HYDRO



Finally, the rainfall hyetograph and the inlet hydrograph are plotted

as an output. The control is then returned to subroutine RUNOFF.

Subroutine RHYDRO @

This subroutine is called by HYDRO to read input data related to the
subcatchment areas and to perform some initial preparatory work, such
as unit conversion and error detection. A normal execution of RHYDRO
should provide all the necessary information for the calculation of a
runoff hydrograph. Figure 3-4 shows the flow chart for subroutine

RHYDRO.

There are four basic categories of input data. The general information
includes a number representing the subcatchment area, period of simulation,
and a key indicating if the rainfall hyetograph is spatially different
from that of the previous basin. A new rainfall hyetograph will be

read if it is so indicated. Otherwise, that part of the read operation
will be skipped and the rainfall of the previous inlet drainage basin

will be used. The first basin must have a rainfall input.

The program proceeds to read subcatchment data, e.g., the size, width,

ground slope. The gutter information is read soon afterward.

It must be noted that the program can detect only logical errors such
as indexing numbers. However, the input data are tabulated by the

computer to check against the original for absclute correctness.
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GENERAL
INFORMATION

NEN
RAINFALL
DATA

READ & WRITE
RAINFALL
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UNIT
CONVERSION

-

READ & WRITE
WATERSHED
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t

SET up
CONNECTIVITY
TABLE

L

Figure 3-4.
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DETECT
INDEX
ERROR

READ & WRITE
GUTTER
DATA

UNIT
CONVERSION

f

SET UP
CONNECTIVITY
TABLE

DETECT
INDEX
ERROR

!

HRITE
CONNECTIVITY
SUMHARY

ERROR
DETECTED

C RETURN )

®

SUBROUTINE RHYDRO



Subroutine WSHED <:>

This subroutine computes the depth and flow rate of water overland.

The logic of subroutine WSHED can be seen in Figure 3-5. As shown in
Figure 3-3, the subroutine is called by HYDRO at each incremental period
of integration. During that period, the rainfall intensity is first
interpolated from the designated rainfall hyetograph for each subcatch-

ment. This rainfall intensity is assumed uniform over each subcatchment.

A DO loop is set up to treat the subcatchments, one at a time. For a
subcatchment, the amount of infiltration loss is calculated using

Horton's equation,

Infiltration loss = f + (f.,-f ) e_OLt (1)
o i o

where fo ' fi and 0O are coefficients and t is the time from the
start of rainfall. The loss is compared with the amount of water existing
on the subcatchment plus the rainfall. If the loss is larger, it is

set equal to the amount available and the remainder of the computation

is skipped.

The water depth will thus increase without inducing an outflow until it
reaches the specified detention requirement. Beyond that, the outflow
rate is calculated by Manning's equation using depth as the hydraulic
radius. An iterative procedure termed Newton-Raphson's technique is
established to determine the water depth and the outflow rate so that

the continuity of water mass is satisfied.
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COMPUTE
RATNFALL
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00
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COMPUTE
INFILTRA-
TION LOSS
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0SS
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DEPTH

NEWTGN - ‘
RAPHSON

DEPTH

l

FLOW

{

CONTINUITY

TOTAL RAIN-
FALL & LOSS

Figure 3-5. SUBROUTINE WSHED
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Upon completion, the subroutine will return with a set of water depths
on each subcatchment for the next time-step. It also produces the flow

necessary for subsequent routing in the gutters.

Subroutine GUTTER (::)
The function of subroutine GUTTER is very similar to that of WSHED and
is shown in Figure 3-6. It calculates a complete set of water depth

and flow for gutters and pipes.

The computation also proceeds one gutter at a time. For a gutter, the
inflow from tributary subcatchments and gutters is first computed.

The Newton-Raphson's iterative procedure is again used to determine the
depth and outflow of gutters so that the mass (volume) of water is
conserved. The flow is computed by Manning's equation. The hydraulic
radius of trapezoidal gutters and circular pipes is calculated separately

in different paths of the program.

A pipe may surcharge when it is full and the inflow is larger than the
outflow capacity. 1In this case, the surcharged amount will be computed
and stored at the head end of the pipe. A message will be printed to
indicate the time, location, and total amount of the surcharge. The

pipe will remain full until the stored water is completely drained.

Subroutine GRAPH <::>
This subroutine, a part of the Executive Block, is called directly by

the RUNOFF subroutine. For further description see Section 2.
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ENTRY

g

INPUT
ADJACENT
WATERSHEDS

|

INPUT
UPSTREAM
GUTTERS
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RAPHSON

DEPTH

t i
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]

HYDRAULIC

FLOW

|

CONTINUITY

o)

SURCHARGE

QEQ

Figure 3-6. SUBROUTINE GUTTER
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Subroutine SFQUAL @

The surface quality program simulates the removal of pollutants from
the ground surface and from catchbasins by storm water runoff. This
program is driven by the RUNOFF subroutine. It is called after
HYDRO completes its task of computing runoff hydrographs for each

inlet.

This subroutine has the capability of computing the BOD, suspended solids,
and coliforms carried by the runoff for 50 inlets. Each inlet can have
as many as five separate subareas contributing to it, each one having a

different type of land use.

A flow chart of the program is shown in Figure 3-7. The general infor-
mation for computation instructions is read first, e.g., number of sub-
areas, inlets, time-steps. Data which are general for the total system
are read next. General computations are made including initializing all

variables.

The next step in the program is to read specific subarea information so
that the quantities of pollutants on their surface prior to the start
of the storm are set. The runoff values obtained from HYDRO are

read for every inlet in each time-step. Pollutant removals for each
subarea are computed. The removals in each subarea during each time-

step are added for the subareas having a common inlet point.

Pollutants removed by the runoff for each inlet area are written for

each time-step. Total pollutant quantities removed from each inlet area
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Figure 3-7. SUBROUTINE SFQUAL
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are also written. Pollutant quantities on the surface prior to the
start of runoff are written so that a comparison may be made between

pollutant gquantities available and those removed.

INSTRUCTIONS FOR DATA PREPARATION

Instructions on the use of the Runoff Block are divided into two

sections, surface flows and surface quality.

Surface Flows

Use of the surface flows portion of the Runoff Block requires three
basic steps:

Step 1 - Geometric representation of the drainage basin

Step 2 - Estimate of coefficients

Step 3 - Preparation of data cards for the computer program.

Step 1 - Method of Discretization. Discretization is a procedure for the

mathematical abstraction of the physical drainage system. For the
computation of hydrographs, the drainage basin may be conceptually
represented by a network of hydraulic elements, i.e., subcatchments, gutters,
and pipes. Hydraulic properties of each element are then characterized by

various parameters, such as size, slope, and roughness coefficient.

Discretization begins with the identification of drainage boundaries,

the location of major sewer inlets, and the selection of those gutters/pipes
to be included in the system. This is best shown by an example.

Figures 3-8 and 3-9 indicate possible discretizations of the Northwood
section of Baltimore. 1In Figure 3-8, a "fine" approach was used result-

ing in 12 subcatchments and 13 pipes leading to the inlet. In Figure 3-9,
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a "coarse" discretization was used resulting in 5 subcatchment areas and
no pipes or gutters. In both cases, the outfall to the creek represents
the downstream point in the Runoff Model. This could lead, in a larger
system, to inlets in the Transport Model. The criteria for breaking
between major sewer lines (Transport Model) and the Runoff Model are
determined by three factors:
1. If backwater effects are significant, the Transport Model must
be used.
2. If hydraulic elements other than pipes and gutters, such as
pumps, are used, the Transport Model is required.
3. At the point where the water quality constituents are
introduced and are to be routed, the Transport Block must be
used since the Runoff Block is not able to route contaminates

through a pipe network.

Subcatchments are idealized rectangular areas with uniform slope and
groundcover, i.e., asphalt, concrete, or turf. Each subcatchment has
unique properties in terms of slope and groundcover. Thus, the roof of a
house may be represented by two subcatchments because the water drains

in two different directions, even though both units have the same ground-
cover and absolute ground slope. Likewise, dirt and pavement can be

treated separately because of the difference in groundcover.

While the subdivision described can be taken to infinitesimal detail in
theory, computation time and manpower requirements become prohibitive in
practice. No ready rule for the subdivision can be offered, but a minimum
of five subcatchments per drainage basin is recommended. This permits

flow routing (time offset) between hydrographs.

52



Step 2 - Estimate of Coefficients. Coefficients and parameters necessary

to characterize the hydraulic properties of a subcatchment include surface
area, width, ground slope, roughness coefficient, detention depth,
infiltration rate, and percent imperviousness. Since real subcatchments
are not rectangular areas experiencing uniform overland flow, average

values must be selected for computation purposes.

For the roughness coefficient, one can use the values given in Table 3-1,
as suggested by Crawford and Linsley (Ref. 2). Detention depths are

taken by the program as 1/16th-inch for impervious areas and 1/4-inch

for pervious areas, unless specified at other values by the user. The
infiltration rate can be estimated from "standard infiltration capacity
curves" shown in Figure 3-10, which was produced by the American Society
of Civil Engineers (ASCE). Infiltration is important only in pervious
areas. Resistance factors for the pervious and impervious parts of a
subcatchment are specified separately with default values of .250 and

.013 (Manning's 'n for overland flow) being taken in the absence of other

information.

Step 3 - Data Card Preparation. The data cards should be prepared according

to Figure 3-11 and Tables 3-2 and 3-3 found at the end of this subsection.
Figure 3-11 shows the layout of the data cards, including those for the
quality routine, in the order in which they must appear. Tables 3-2

and 3-3, respectively, show how the data cards are to be punched and

list the description of variables used in this program Block.
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Table 3-1.

ESTIMATE OF MANNING'S ROUGHNESS COEFFICIENTS

Ground Cover

Manning's

n for

Overland Flow

Smooth asphalt

Asphalt or concrete paving
Packed clay

Light turf

Dense turf

Dense shrubbery
and forest litter

0.012

0.014

0.03

0.20

0.35

0.4

Source: N. H. Crawford and R. K. Linsley, "Digital
Simulation in Hydrology, Stanford Watershed Model IV"

(Ref. 2).
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The first step in the data preparation is the determination of the
number of time-steps to be used and the length of each time-step.

The time-step length is usually 5 or 10 minutes but may range from

1 to 30 minutes, depending on the length and intensity of storm and
the degree of accuracy required. The number of time-steps is limited
to a maximum of 150 and should extend past the storm termination
sufficiently to account for the storm runoff. Along with the input of

time-steps, the number of hyetographs for the drainage basin is needed.

The rainfall data cards are then prepared for each hyetograph from
rainfall records or are assumed if a hypothetical test case is being
run. The time interval need not be the same as in the flow and quality
pertion of the Block. The major preparation is forming the tree
structure sewer system and dividing the drainage basin into subcatchments.
The sewer network is obtained from sewer maps. Pipes smaller than

2-3 feet with no backwater effects, flow dividers, or lift stations

are usually designated as gutter/pipes for computation by the Runoff
Block. These pipes are not connected to one another by manholes but
join directly and lead to an inlet manhole for further routing by
TRANSPORT. Once the sewer system is labeled with numbers less than
1,000, the subcatchment areas are formed reflecting the existing sewer
network, ground cover, and land slope. Data cards are then made up for
each numbered subcatchment, defined by its width, area, slope, percent
imperviousness, etc., along with the gutter/pipe or inlet manhole into
which the flows are routed. Next, the gutter/pipe cards are punched

giving the required information.
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the final data caxrds for the surface flow portion of the block are output
control cards. The first two, NSAVE and ISAVE(I), designate the inlet

manholes to which enter flows and pollutants are routed for further simu-
lation by the Transport Block. The last four caxrds are for printing and

plotting out inlet hydrographs and pollutographs for the user.

Surface Quality

Data input to this surface quality program are prepared at the same time
as the rest of the Runoff Block. Thus, when an inlet drainage basin is
selected, it may be subdivided into areas containing a single type of

land use. Five land uses which may be modeled are: single family resi-
dential, multi-family residential, commercial, industrial, and undeveloped

or parklands.

Once the basin is broken into subareas the number of areas, along with
other control information such as start time, number of time-steps, and
print control, is specified on the first SFQUAL data card. The time
interval and number of time-steps to be modeled depends on the interval
and length of runoff values provided. Time-steps in multiples of those
for which runoff values are provided may be used if desired, but will
usually be the same as for subroutine RUNOFF. The actual format for the

data cards is shown in Table 3-2.

The program may be used with runoff from a design storm or an actual
storm. If an actual storm is being modeled, the number of dry days prior
to that storm is determined from rainfall records. Otherwise, the number

of dry days is part of the information associated with a design storm.
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In determining dry days from actual storms the real number of continuous
antecedent days without rainfall should be increased to allow for
residual surface solids from the earlier storms. A suggested starting
estimate for dry days is the total consecutive antecedent days until the
sum of daily rainfalls equals or exceeds 1.0 inch. If a sizable storm
(rainfall greater than 0.3 inch) occurs within the four days prior to
the test storm the earlier storm should also be modeled. The equivalent.
dry days should then be calculated using the actual surface residual

plus the between-storm accumulation.

The data needed on the frequency of street cleaning and the number of

passes made by the sweeper can be found from a public works department.

The number of catchbasins (gutter inlets) per acre may be estimated
from visual observation or obtained from a public works department.
The volume of liquid remaining in the catchbasins may be found by analysis

of the construction drawings. The BOD of the remaining liquid can be

estimated or measured,

The last data cards, each defining an individual subarea, provide the
model with the subarea number, the inlet manhole number receiving the
pollutant outflows, type of land use, area, and the length of gutters
for each area. Land use information may be obtained from a govérnmental
planning department, direct observation, or by other means. The length
of gutters within each subarea may be obtained by scaling them from a

street map.
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Figure 3-11. DATA DECK FOR THE RUNOFF BLOCK
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Table 3-2, RUNOFF BLOCK CARD DATA

Card Card

Variable Default
Group Format Columns Description Name Value
1 20A4 Title cards: two cards with heading TITLE none
to be printed on output.
2 Control card: one card.
215 1-5 Number of inlets. INLET none
6-10 Number of time-steps to be calculated. NSTEP none
I3 11-13 Hour of start of storm (24-hour clock). NHR none
I2 14-15 Minutes of start of storm. NMN none
F5.1 16-20 Integration period (min). DELT* none
I5 21-25 Number of hyetographs. NRGAG none
F5.0 26-30 Percent of impervious area with zero PCTZER 25.0
detention (immediate runoff).
3 Rainfall control card.
15 1-5 Nunber of data points for each NHISTO none
hyetograph.
F5.0 6-10 Time interval between values (min). THISTO * none
REPEAT CARD GROUP 4 FOR EACH HYETOGRAFH.
4 ek Rainfall hyetograph cards: 10 intervals
per card.
10F5.0 1-5 Rainfall intensity, first interval RAIN (1)* none
(in./hr).
6-10 Rainfall intensity, second interval RAIN (2)* none
(in./hr).
11-15 Rainfall intensity, third interval RAIN(3)* none
(in./hr).
16-20 Rainfall intensity, fourth interval RAIN (4)* none
: (in./hr)}. :
REPEAT CARD 5 FOR EACH SUBCATCHMENT.
5 Subcatchment cards (3I5, 10F5.0, F10.5):
one card per subcatchment.
315 1-5 Hyetograph number (Based on the order in IK 1
vhich they are read in).
*pecimal point should be punched in this field.
stpProblems occur when 0.0 rainfall occurs several time-steps before the actual start of the

rainfall (the computer underflows).

NOTE:

All non-decimal rnumbers must be right-justifieqd.
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Card Card Variable Default
Group Format Columns Description Name Value
6=10%%* Subcatchment numbexy. **** N none
11~-15%%* Gutter or manhole number for drainagéf** NGOTO none
10F5.0 16-20 Width of subcatchment (ft).*** WWIDTH=W1* none
21-25 Area of subcatchment (acres}). WAREA =W2* none
26-30 Percent imperviousness of subcatchment. PCIMP =W3* none
31-35 Ground slope (ft/ft). WSLOPE=W4* 0.030
36-40 Impervious area } W5 =W5* 0.013
Resistance Factor.
41-45 Pervious area W6 =W6* 0.250
46-50 Impervious area Retention storage WSTORE=W7* 0.062
51-55 Pervious area WSTORE=W8* 0.184
56-60 Maximum infiltration rate (in./hr). WLMAX =W9* 3.00
61-65 Minimum infiltration rate (in./hr). WLMIN =W10* 0.52
F10.5 66-75 Decay rate of infiltration (1/sec). DECAY =W11* 0.00115
6 Blank card to terminate subcatchment cards:
one card.
REPEAT CARD 7 FOR EACH GUTTER/PIPE
7 Gutter/pipe cards: one card per gutter/
pipe (if none, leave out).
415 1-5 Hyetograph number. NHYET none
5-10 Gutter number. N none
11-15 Gutter or manhole number for drainage. NGOTO none
16-20 { o1 for gutter Ne none
7F8.0 21-28 Bottom width of gutter or pipe GWIDTH=G1* none
diameter (ft).
29-36 Length of gutter (ft). GLEN =G2* none
37-44 Invert slope (ft/ft). GSIOPE=G3* none
45-52 Left-hand side slope (ft/ft). GS1 =Gq¥* none
53~60 Right-hand side slope (ft/ft). GS2  =G5% none
61~68 Manning's coefficient. GN =G6* none
69-~76 Depth of gutter when full (in.). DFULL =G7* 10

*Decimal point should be punched in this field.

**Necd onc inlet or gutier/pipe for each subcatchment basin,
***Twice the length of main drainage pipce throuygh the subcatchment.

**AXMaximum number = 160,
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Table 3-2. (continued)

Card Card Variable Default
Group Format Columns Description Name Value
8* Blank card to terminate gutter cards:
one card.
9 Manhole save control: one card.
15 1-5 Nurber of inlet manholes for which NSAVE none
entering flows are to be saved on
peripheral storage for TRANSPORT.
IF NSAVE=0, SKIP CARDS 10
10 Manhole save cards: 16 values per card.
1615 1-5 ] ISAVE (1) none
6-10 Inlet manhole numbers for which entering ISAVE(2) none
flows are saved (same elements that are
11-15 used by TRANSPORT) . ISAVE (3) none
° J ISAVE (NSAVE) none
11 Manhole print control: one card.
215 1-5 Number of inlet manholes for which NPRNT none
entering flows are to be printed.
6-10 Number of time-steps between printings. INTERV none
IF NPRNT=0, SKIP CARDS 12
12 Manhole print cards: 16 values per card.
1615 1-5 IPRNT (1) none
Inlet manhole numbers for which
6-10 .
entering flows are to be printed. IPRNT(2) none
11:15 IPRNT(3) none
* J IPRNT (NPRNT) none
13 Manhole plot control: one card.
315 1-5 Number of inlet manholes for which NPLOT** none
entering flows are to be plotted
(maximum = 25).
6-10 Number of curves per fiqure (maximum NECV 1

= 5).

*Need this card even though there are no gutter/pipe cards.
** (NPOL + 1) (NPLOT) cannot exceed 150 without changing variable YT(160, 150) size in

Common block.
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Table 3-2. (continued)

Card Card Variable Default
Group Format Columns Description Name Value
IF NPLOT=0, SKIP CARDS 14.
14 Manhole plot cards: 16 values per card.
1615 1-5 IPLOT(1) none
Inlet manholes in which entering
6-10 flows are to be plotted. IPLOT(2)] none
11-15 IPLOT(3) none
. IPLOT (NPLOT) none
THE FOLLOWING CARDS ARE SURFACE QUALITY
DATA.
15 Control card.
215 1-5 Number of subareas (may exceed number of KTNUM
subcatchments due to multiple land uses)
(maximum = 160) . none
6~10* Number of inlets. NINLTS none
F5.0 11~-15*% Time interval (min), DT none
415 16-20* Hour of start of storm (24-hr clock). KHOUR none
21-25*% Minute of start of storm. KMIN none
26-30* Number of timc-steps. NTSTEP none
31-35 Use 1 for printing output in sentence NPRINT none
form, O for printing in table form.
16 Cleaning data card.
2F10.0 1-10 Number of dry days prior to this storm DRYDAY none
in which the accumulative rainfall is
<1.0 in.
11-20 Cleaning frequency (days). CLFREQ none
15 21-25 Number of street sweeper passes. NOPASS none
17 Catchbasin data card.
3F10.0 1-10 Number per acre. CBDEN none
11-20 Concentration of BOD (mg/L), of the CBBCD none
stored water in each catchment basin.
21-30 Stored volume in each catchment basin CBVOL none
(gal.)

*These values must be the same as in card group 2.
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Table 3-2. (continued)

Ccard Card Variable Default
Group Format Columns Description Name Value

REPEAT DATA CARD 18 FOR EACH SUBAREA.

(Maximum = 160 subareas).

18 Subarea data card.
315 1-5 Number of this subarea. XNUM none
6-10 Inlet number of this subarea.* INPUT none
11-15 Land use KLAND none

=1 for single family residential
=2 for multi-family residential
=3 for commercial

=4 for industrial

=5 for undeveloped or park lands.

2F10.2 16-25 Area of this subarea (acres). ASUB none

26-35 Total length of qutters for each subarea GUTTER none
(hundreds of ft).

END OF RUNOFF BLOCK CARDS.

*All subareas with the same inlet member must be placed together and these groups must be in the
order in which the inlets are saved as described by card group 10.

63



abueyd sumicA 9beIdAY AT3Q

utw days-suty © Jo jiey |uo 2 L1130 *€X207q UOUMIOD UT paleys sUPU ITqPTIPA = Dy
utm ’29s TeA133UT BwT3 uotjeabajur o 11330
vaIeqNS P UTYITM sSUTSequoled JOo Iaqumy WONED
uot3oeazos 203 wndep ur sbueyo uosydey-uoImSN ¥130
qr dajys-awT3} yoea 193je Huiuvewaxr qod 2 sSg180
uetpex suetpez ur 1ajsuweTp odyd snoauejueIsul o a13a
) xa/at duys
»o13 poysaozem jo y3idsp ur abueyd daas-sutl 13a -aulf3 U0 BUTINp SUTSEQUIIED wWOI3 PIACWIZ 4Od o ONIED
o8s/1 uoT3eI3TTFUT 103 93°x Aesap Terauauodxa o A¥D3g 2Idv/°ON utseqyazed jo A3Tsuag N3aad
abueyo swnjoa uy Ibueyd jo ey A13aa ugsequoled ayl woxj pIaaowax uoyjaniiod JINTDHED
wazequs yoea IO3 IIBI UOTIBTNWNOOE IXTP puv 3IsnNg aa 7/6u UTsequo3Iwd yoea ut qog 3O uUoTIRIJUIIUC) aodado
33 yadop xajzem dojs-aumrl W02a La/qt ©ale IDJLIINS pue urseqyIIed
yaoq burpniour dajs-suy3 suo Hutranp paaocwax dod o} WLSVED
33 bs esIe TRUOTIVIS-5S012 Teprozedexy uy abueyd Xva
3UaTOT33900 Butacuay po ] o]
TeuxajuT ‘oTqeTaeAa T[RUOTIEINdWOD a
la/qt dojys-aury yoea Burinp
2uTINOIqNS 3O BureN AAUND PRACUAY 1XTP PUR 3ASNP WOIJ GOd 2TANTOS~-UON sNaod
utw/Tu OOt La/qt 327Ut ayy 03 daas-aurl yoes I paAcWIT God b aoa
03 SJO WO} JTUN MOTJ SIIBAUCD Jeyl aabojur TANOD
3UaTOT33I00 ButAowaz gsg q
/6w 03 835/1a/qr DBuylxaauod 103 ao3del HIANOD
/bm doys-autl Yoea HUTINP §S JO UOTILIIUIIUOD 3O6BIBAY SSONOO
21 bs Teus3 ‘vaxv (PUOTINAB-S50a0 Teprozaderl XY
1/bw dass
—amt13 yoes Hutanp god JO UOTIRIFUSOUOCD abeiday QoaNQD 33 bs fur3Iess ‘ecie [RUOTIDOS-5S5010 tepyozadexy oxXv
sbuydooms 199138 JO Aouonbaig ol £ i to] 830 do3s-owy3 © UTyITM jyounr sbexaay ) 0149AY
w1038 3ISe] 92uys sburues|d Jo 2aquMN NYTIO dajs-auty jJo 3Ies
39 TQRTIVAR IITP DUV IsNp [P303 JO uoTIDRId TIVAY
™ 00T/NdW doys-suwty 8uo butanp
vaIvqNS ¥ JO ETI930RQ WIOITTOI FO UOTILIIUIIUCY o) 17030 axo® $OIUT IV O3 HUTUTVID weswqns JO ¥aIv 1W30L b JOIN
steb urseqyoled e uy HutuTewsx pinbit jo sumtoa [ {eT\: o] 309 vazeqns jJo wveay o qnsy
<teb doas-outs Yows Ut ursequoled o3 sbewurvip 9yl jo ums 2 nNsgd UITOTI3000 ButAcwex S ¥
s3Tun uot3draossq Y] oureN sItun uotidiaoseqg %] SWeN
oTqUIIRA oTquIIes

SHTIVINVYA ¥D0T1d JJAONNY

TE€-€ 9TaeL

65



~uy yadap x33InbH snoaurjueISUY o] HL4IAD
snypexr drineiphy ssat uoryenba s,buruuen bl NODD

au aunyy uy ydexboapAy 3o 3run 3{ITI TLPIUOZTIOH 2 ZI¥OH
o8s awyy ur passaadxa wexboisTy JO Yabuag o} SOLSTH 830 MOT3 TRPUT] MOl
JAIND JY3 3O IIPUTPIOOD 835 nor3 buraizels omMod

Testaasa ug paautad aq 01 argetiea jo apnatubew k] HAVYOH
[ 3F) MoT3 abexaay Mo1d

JUTINOIQNS JO dueN FAN3H
la/4at (T¥nd4s) dajs-suyy suo huranp paAount S 4
(Q3IHSM) UOTIDIAI0D BWNTOA UOSYdvY-UOIMIN a

ut TIn3 uaym Ia3and jo ydap jo anfea uy pesy Lo

juaToT3Ieoo s,butuuey jo anyea uy peay 9
atqetaea reuorilejzndwe) NO4dx3

313/33 odoTs ap1s puey-3ybra jo eniea UT pexy SO
arqetaea teuoriejzndwo) 1y3

33/33 8doTs 8pTs puey-333T jo anyeA Ul pesy o
JUBIILIS I0III JO SweN wyodqul

I3/33 adoTs 3IIAUT JO Snfea UT peay £9
ay ADOYD INOY Pz ‘UOCTIVTNWEYS O Buyy WIJON3

33 2933nb jo y3buay jo snyea uyr pedy 4]
33owuna ebexaae sdWTy PIIPUNH 3

za32weTp adid

33 20 1933nb JO YIPTM wWO3IOq JO SNTEA Ul peay 1
23 qaptm 193306 10 xejsweip =drg b HLAIMO ‘uy yadep [eut3y pajewtisl 1a
33-001 eareqns uy 1933nb jyo ybuat o] ¥YIALLND xa3jautrad pajyam ut sbueyd TdMa
313/33 3ybya ‘adols opys I133Ing o] zS9 X201q uowwod Awumg b AWWNG
33/33 3321 radors apTs 133309 o] 189 utu TeAza3uy doys-ouwyl, a
23/33 edyd/2933n6 jo adoTs pe 3d0ISO sAep wi038 03 lotxd sAep Axp jJo IaqumN AYQAyd
831198 DYI38w035 ® U I03dRd s9 *1eb do3s-auTy Youwe BuUTINp UISEqQUOIRI Yowe 03 Jjoumy NIvya
PUFINOIQNS FO SWRN 3% HAVYOD 33 yidep snosuejuwlsul od
UajoyIFeco ssauybnox ®,bujuuek o N ‘uty (29°Z = TIn3g sedid 103) 3dep wnuyxew 8,393309 TIn30
3 edyd/zeand 3o yabuaq b} NT1D mOTF UT ebuvy) Q140
832 mOT3 2933NDH o MO1dD SuT3 wowly eburys moj snid ebuwyd sunTOA JO wng ad
LES1M] uojadyaoseq [%] ureN 83tun voyadyaoseq %) sweN
STquUTAVA oTqeTIeA

(ponUT3UOD) £-£ OTARL

66



a33unod dais-awyl

dALSIN

paaurxd aq 11714 ydeiborpiy yorym 103 s3UTOQ o] LIMAT
eazeqns jo JaquMN HWONLY
I9jutod TeUIIFUI J INIOJI
1abajur burdasyyood LOdsSx
adea a3 jJo aueN o] IDLN0I
NJINS I0F 193uno> dool oa JINSH
sydesboapiy
293uMo0d Teuoiejnduo) LNOX poautid 103 s910d> uorvzrabajuy [ealajul 2 ABIINI
Isqunu 3IPUT O3 Iesex I3qunu earecqns Axerodudl o] WNAD 193umo Bbupjutag INDINI
ugm wio3s JO IARIS JO SINUTIW NIWX Zaqumu 3ITUI 2 LO4NT
asn puel o AN aa7 7dwos
03 adey woxaz weahoad 1ajsueay YoTym I[QETJIEA LJNI
a93umoa dool od ™
Iaqumu ITUI LITINT
aebojuy Butdaayxood nl
T9AIRUT owy3 ‘xabsjuy buydeayyooq aNI
OO0 INoY-pZ 'WAO}S JO Jre3s JO INOH YNOHA
adey oy3 jo awey b INONI
xabajuy burdosyxoog X
utw UIO3E JO JILIB JO INUIW NIWI
3 INAONI
19baaut Butdasyyocyd &0
z9bazuy burdasyyoom a1
ede3 3ndino jo euweN a raor
zabazuy Huydasyyoos rt
soroyuew anduy jo xaqumy o} N
z8bajuy Hutdaaxyooy IT
aa3unod dooT ogd ™
ay ROOTD INOY-pZ ‘wM2038 JO IITIB JO INOH HNOHT
a9bojur HBuydaayxoog €L
edey yo3vass jo IweN INHddT
xabaguy buydasyyood e
203e57put Sbavyoans o741
adey nduy jo awen po NIr
zo3unoo doot og Nz
1abajuy burdasyyood r
a9ba3ut Huydaayyood I
1obajuy buydsaxyoogq ansI
BUTINOIqNS JO SueN CUAAH
PUC SNUTW 8IOTUT JO IOQUWNN dIAsST
3AINMD Y3 JO IIPUTPI00D
pears oq T1Tm udexboapAy yoTym 103 FIUTCd bo] 3AVSI TP3U0ZTIOY SYI UT pautad o 03 [PAI2UT owil b] HHIIH
£37UN uvotradiaosag [%e] oueN 23 117 uot3ydyrosaq Y] SueN
SIqeIIvA alqeiIeA
(penuTlUOD) €£-¢ BTqeL

67



Iy (32070 InOY-pZ) uotIeTNWIE Jo Aep FJO JUOH HAWIIN
yo3Tas 10133 dOLSN z233nb o3 ButuTteap speysiojem pue

*2333In6 0y DuyuTeap B3I2IINE JO IFQUNU WUNETXEW o NIN

sdays-autll JO Faquny 2 d3LSN
tdesfo3aky jo zaqunn o] JIXHN

zabajzuy burdesyxyoog JO0dSN
ay w1038 JO 3IPIS IY3 3FO INOH HHN

pausiajem ayy Jo IICuNN 2 aJusN
TeAlajul 5wyl [Tejuyel JO ISCUMN o OLSTHN

adey Y3l 30 owey b LVHISN
aebazuy Butdasyyood a LOON

pases oae sydeaboaphy saaym syuiod IO IdqUNN > ANTSN
SUOTIIBUUOD 33TUT 3 IOLON

sydexboya4y 3o aaqumy 2 OVOUN
SUQTITSUUCD 133309 3 DOLON

I93TWFY sjuted ejep urey TANVEN
SUTRIAP PAYSIIIPA UYDTYA O3 I3qumu 1933N 0OLOON

TTesutrel jo Iadquny 2 NIVIN
juyod o1ydexb jo zaqumy dOVYON

A313uenb zyouny
Ul 0392 SEB PIsn sjuanytisuod Litrenb Jjo zaqunn TYNON sI373n6 30 I9CUMN a3 oM
pe3jord aq o3 sjuted jo xaqumy ] IdN Aep spua

UOTIRIIMITS wIOIS JO JIEIS I93iJe sfep JO rsqumy AVAX3N

paiutad aae sydexboipiy arsym sjuted Jo Isqumpy 2 LNAAN
1963jut Butdsaxyooqg it

Sutjurad usamaq sdajs-swfl IO J3qUNN INIddN
wio3s 38Ry POUYS BEUTUPATO JO JOquUMN NYTION

131U 03 £132211p pIISUUad Lwmenpeg ‘adrd=g

1IeInbax=T ‘xe3anb jo adi1 107 yoATMS TOIFUQD o 94N JaquMU JUUYDIITHANS TRUIIINT ] MIHYN
OdN 3O @nTea Uy peEsy dN Iebajut Burdesiyyoog N

atoetIea atty anding 100N
s9ssed 1adesams 312813S JO Taquny SSYION zabajut Burdasxwyoog WH
13b6ajut buydaayscog aIoN 1a3mos teuorivynduo) INAOAW
sad1d/s193306 jOo Joqumu TRI0Y 2> SON aaboyuy Buydesxioog N

urm WIOE JO VIS AYd JO BIINUTH NN
SIS[UT JO Requmu (w30l SLININ a9693uy Burdeaxyood Ly
aumoo doot oq b ARTN 186934t Bugdasyxycol 1
sI7un uoy3dyaoseq %] owen [P} voridyassaq % eaen
oTIqRIIVA oTqeiIvg
(penuTaUOD) £-g OTJeEL

68



3Ie3s P UTSRQUOIED yIed UT oTqeTYeAr gogf

0004

qrt
pajjewuxojun ‘arqeraea adey yojexds €4IAS qr SUTSEQUOIRD Woa3 erqeryvAe (10€ [TIOL €20d
pajjrmaojun ‘atqeraea adey yojeras TAINS q1 3ITP puU® 3ISNp Uy god ATANTOS o] od
pajjrurojun ‘arqetiea adej yojeads 14148 . yadap
UoOFIUIIBP 0102 YITA ©ITIP snofAradury JO juadIAd bo HIZLOd
aurynoiqns 3o sweN TYndds
A} ea1eqns sUO JO
uTa/NdN Jjounl Uyl WIOIT{od T1e30L 2 17003s god 90ovJINE eIgeIIvA® WOXJ QUH JO [rAOWAX JUaDIBg QodaLdd
[ eaxeqns auo
JO JIITP Ppue 38Np TRIO0} WOIF SS JO TRAOWII JUIDIAF SSINDd
s35 sotoyueu Indur Hurisjus mold o) JHINM
Y vaieqns
g/ uy dajs-auwty © 12A0 jjoumx sbeiaAy J3ONNA suo 3o uysequoled Aq gOd IO TPAOWMAX JUadIAJ HALNDd
839 397Ut Yoe’ 103 FJOUNX sSnosuejuE3SUT o] SdoNNY [ poysiajem JO SsauUSNOTATIAIT JUSDIIL o dHID4A
Y/ Uy SnosUeIURISUT ‘SSOT UOTIRIITTIUI po] SSOT 4
Iy/uy 9jex frRIuUter snoduejuelsur be ) 14
[SUTINOIES FO dweN oNaAHd £39 3933nb ay3 Jo Ino mOTI pol MTILNO
qr dols-owTy Yoed I933° IATP pue Isnp Buruyeway o] CaHI auty
Iy uy ydeaboapiy x03 IFUM STIFI [PIUOZFIOH Znio
Tewto9p
‘juznzed Koustorize Teacuax zadooms 3239139 Jaqy
/Ut TTeIUTRY b NIVY 830 19bo3uy Buydesyyoog XN
33 snypel oITneIpiy feury 1qvd uoT3daUUOD JATUT 10LMN
a3 snypex dyrnexpiy buylzeag oawd uoT3TIUUOCD 1233INY ] SOLMN
33 ebavyoang 2 ¥nsd peysIaiem JO IOqUMN o} MN
830 29336 weaxysdn woxzy ndul 2 NIO saugod ydeaboapiy pojuyrd o zaqumi 43LSAN
s9dXy 30 xaqunN ddXIN
1a/at daas-auyy suo buranp pasowsi §§ b §540d potopow sdols-owyy JO IIquUMN d3LSIN
1a/qr dejs-ewyl ouo Hutinp 3aTp pue ISTP WOXF PoAcwex GO o ao0d 2efzFIueput 8TT3 Indano yojeaosg TNOLN
satun uoyidiaoseq %] dweN Iun uoy3diaoseq %] sueN
CUELTY sIqUIavA

(ponuT3UOD) €£-f STRL

69



upa STPAIIIUT Swly TIejufer JO 2wty OLSTHL
qt eaxe Apnis syl Xo3j gOd [e3I0Y IO umg QEWSL
0°T snid sa3119s5 oTI33Wdb Syl 3O wns SOL
o908 teazajuy dajs-surl 2351
1w 00T dajs-aury
oas ‘uftw SpuUd TleJuUTeI USUmM SUTL ] NIWYL /NaN auo HUTIND WIOJTIOD 3O UOTIVIIUIDUOD [eI0L o I7000L
Y 5031V jatut
1I° 3O 9oejIng wWoOXJ QOF 3O TeAOwWRR jusdsxad f(viol aoaLdL qrt Yowa 107 SUTSPqUIIPD WOIF PIACWII gOd TeIAL o IN14IL
qr J2TUT Yoed 103 PIAOWRI SS T¥IAl 2 $Sd0dL qr IITUF Yowd I0J paaowaz qogd [(wIOL po/ LSYE0L
qart 33TUT Yoea X103 JITP pUP ISNp wWOI PIAcwaX qOd 1v3IoL bo] dodlL qt J3ouna aje3ans uy god eIl aodaL
L seaxw 2100 eare 1ejol YL
1Te 30 a’ejans woly SS JO [eacwar juadaad [elol $S10dL
ay TeAxa3uy doys-sutl 1
s seale TTe 3O doejInsg
pue uTSEqUIIERD Woxl qOd JO [rAcu@: juasiad tfeaoy IO4L
[N seaae (e 30 sbevaoys 20v3aINE TVIOL o} LSRNS
30 uTseqUO3ED WOl god FO racuox jusoxed yevial delodl
32 TiejUTeX TE3I0L o uHNS
s B3IV YSe3d WOII PIACWSI QOF TeIO0TF JO Juadasgd aoEsdL
39 quBsMdeOqNE YOE3 103 MOT3 TwIOL o] wWns
qt JITUT yoea 103
WIO3s JO JIVIS 3@ punoab uo IxTp pue 3Isnp [eIOL o] qaliol 30 oToOYURW 19TUT § MOT3 1eainb twioL be] 2I0W0S
utw Teaxajut dojs-sury SNIWL 3 punoab oIUT UOTIRIITTIUT TLIOL o/ IHNS
ay saxmd uyp pajurid eq o3 Swyl umwrxel XKL q1 q2Tp puv 3Isnp a3 3jO umsg aguns
watqoxd 3o uoyydrassag o] TILIL qr SUFsequo3Ied Ut god Te303 JO WnS qOKRNS
@IBUTPIOOD [WOTIIAA UY 3aAand jo uotridiraseg L1l qt waIe yowe uy Qog @dvjins Te3o3 O ums aoguWns
$33PUTPIOOD [PIUOCZTIOY UY PAIND 30 uoyidizossqg 13LIL qt spy1o8 papuadsng o} €S
o088 do3s-jrey snuyu swyy 2 TIHIL pajjewrojun ‘erqeirea adel yolexos LdIXS
oos (1¥ndJas) uorjernmis Jo Swry SAWIL payjvurojun ‘arqeriva adel yoavass 94INS
uyw (o010 amoy-pZ) uoyIeinuls jo ouny RIWIL pejliveIojun 'srqetIvA odel yIIvIds SdINS
ous WL k] FHIL pelvwIojun ‘erqerava edel yojeads [ Z381]
s3TUN uoy3diIoseg (%) SweN s3tuUn votadyxoseq [ 3] ey
oTqeTICA LICLAELTY
(ponuUT3UOD) £-£ STYRL

70



TdM

a3 Teuty ‘iaiawexed pallom
3 burizess ‘iajauered pallIaMm OamM
o7e0S Te9TITAA ay3 UT Juyod UMWIUTH bo} aYIA orqeyava Aummq o M
2IPUTPICOD TEOTIXIA Y3 UT pasn jutod jo xaqumN A Y/ uy $938X UOTILIITTIUY WNWIUTH o] NIWIM
y/ uy 9301 UOTIEXITTIUT UMWIXCH bo} XYIIM
a1eos tejucziroy 3yl UT Jurod unuTUTW o ayix 830 PaYsSIaIem WOIJ MOTF ShosueIuelsur e MOTIM
33°UTPIOOD 832 TeAz23UT auy) ButInp mO1) paysiajesm abexday [eg? /]
{e3UOZTIOY BYI UT PISn TeAIdUT w3 JO Iaqumn o) X
33 payszazea uo 3dap snosuejuwlsur o HIJI3AM
peysaeyem Jo suotaiod snotazad
298/T JoT3eIITTIUT JO 83ex Aeddp jo snyea uy peay ™ pue snojaxaduy ‘suojjenba s,butuuel pParvIIPoH o} NOOM
ay/uy 330X UOTIRITTIFUT UNWIUTW JO 3nTeA UT pead 0tM 33 bs ’‘saxow paysxayem JO vIIY bo L ety ()
ay/cuy 230X UOTILIITTIIUT umwixew jJO anyea uY peay M 23 bs JIounx eIRvIpIWUY YITM pBYysI23em JO elav naoﬁ?u@mﬁu HYM
~uy eaxe snotaxad x03 96eI0316 UOTIUIIAY oM
cug vaxe snotazadwuy 103 2bei0ols UOTIUIISY 1 y/-uy ydeaboxpAy 103 3Fun 2T3IFI TEDTIIBA 3 JY3A
vaze snotarad 103 X03oBJ 9OURYISTSIHY oM Y/ ug ydeaboapAy 103 ITun ITITI TeIJIILA uaa
eaxe snovaradur X0 I03OPJ JOULISTIIY SM
33/33 paysaazea jo ado(s jo aniea Uy pedd *™ o9s ydeaboxpiy ayy jo ouyl buyiavis oM3ZL
Y ssausnotAzaduy Jo Juacaad Sy3 3JO SAleEA UT pedy (1.} qt svaze (P JO 55 3O Teaocwax telol €5ddLl
830w paysiajem jo eaie Y3 jO Injea Ut peay 4] q1 waav 9owjaInS IV WOIJ QOG FO eAocwdl Te3oL dOdLL
33 payszelem JO IPTM vbexdAe SY JO 2NTRA uT pedy ™ qt SUTSTQUIED (v JO Q0d 3O Teaocwax (e3joL 1S80LL
a3 paysaajea JO YIPTM sbviday bo ] HIAIMM qT vaie soejins
puP usEQUIIWD JO ¥ WOIJ QOd FO TeAOWIZ TE¥IOL ONGILL
33 pPaysIojem
30 ®oezins uo YIdop S6RI0IS uMWIXPW PUR WNWTUTH b} TIOLSM qr vare abeurerp edeyIns
Uo ITQUTIPAW IITP puw asnp (euibyio oyy 3Jo wng KIWNSL
33/33 paysiajea jo adors abeviaay o3 FIOTISH
qt uyseqyoIes syl
JUTINOICNS FO SwWweN Q3HSM Ul eTqeTIPAR JIXTP puw Isnp [euibyIIo Y3 JO uwmg GONNSL
s3ITUn uoyadyidssg QO oweN sIrun uot3diIossq e owwn
eTqeIxe)s OIqRIIVA

(penuTaUoD) £-£ STqeRL

71



EXAMPLES

Two examples are given, one for rainfall runoff and the other for quality

runoff.

Example 1 - Surface Flows

The "fine" schematization of the Northwood (Baltimore) test area is used
as an example; the area is shown in Figures 3-8 and 3-12. A sample of
the data cards is shown in Table 3-4. Selected output pages are repro-

duced in Tables 3-5 through 3-10 and in Figures 3-13 and 3-14.

Example 2 - Surface Quality

A portion of a combined sewer area is shown in Figure 3-15. It is a copy
of a U.S. Geological Survey topographic map (7-1/2 minute). The drainage

basin was determined for the Runcoff program as was the inlet numbering.

As an example consider only one of the numbered inlets for a computer run.
The land use for the area draining to inlet number 65 was determined by
zoning maps. This information is used to determine the subareas (each
having one type of land use) within each inlet drainage basin. The area
of each subarea and the length of gutters within it are measured from the
map. The subareas of inlet drainage basin 65 and the input data for this
basin are also shown in Figure 3-15. The subareas are numbered for infor-
mational purposes only (i.e., they are not used in the execution of the

program) .

Information about the number of catchbasins per acre and volume cf liguid
remaining in the catchbasins was gathered from the public works department.

The average BOD of the liquid remaining in the catchbasins was estimated.
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For this example the catchbasin density is 1 per acre, the volume of

liquid remaining is 150 gallons, and the BOD is 100 mg/L.

The data for frequency of street sweeping and number of passes were
obtained from the public works department. For this example the frequency
is 14 days and there were two passes. The number of dry days preceding
the start of the runoff being modeled was found from rainfall records to

be 50 days.

The clock time of the start of rainfall was also determined from rainfall
records. The time-step to be used is that which the Runoff program used
or 10 minutes. The time selected will depend to some extent upon the
observed data used as input, i.e., rainfall, or that used to check output,
i.e., runoff hydrographs. The number of time-steps modeled here is 30,

or 5 hours. The runoff for each inlet was found from the Runoff program.

Sample input for this example is shown in Table 3-11 and the output for

the computer run made is shown in Tables 3-12 and 3-13.
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| L__ 10
—--— DRAINAGE AREA BOUNDARY o
———— SUBCATCHMENT BOUNDARY [ o T
3 SUBCATCHMENT NUMBER Ku\j

GUTTER/PIPES
76  GUTTER/PIPE NUMBER

Figure 3-12. NORTHWOOD (BALTIMORE) GUTTER/PIPES "FINE" PLAN
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Table 3-9. PRINTED OUTPUT OF SELECTED HYDROGRAPHS

HYCROGRAPHS ARE LISTED FUR THE FOLLUWING S POINTS

TIME 52 60 b6 16 80
0 5.00 1.15 0.76 0.3 lelé 1.02
0 1C.00 12.99 T.81 3.32 12.40 14.07
0 15.C0 59. 59 28.58 11.11 49.56 77.33
0 20.00 38.38 17.60 6.68 29.96 52.33
0 2¢.00 24.43 10.59 3.97 18.23 36 24
0 30.00 13.30 565 2.09 9.47 19.08
0 35.00 7.81 3.15 l.14 5.31 11.43
0 4C.00 4.40 l.67 0.60 2.81 6.508
0 45.CO 2.564 0.92 0.32 1.51 3.86
0 %C.00 1.64 0.57 0.20 0.92 2.50
0 $5.00 1.13 0.38 C.13 0.61 1.73
1 ¢.0 0.83 0.27 0.09 0.43 1.26
1 £.00 0.63 0.20 0.07 0.31 0.96
1 10.00 0.49 0.15 0.0% 0.24 0.75
1 15.00 0.39 c.12 0.04 0.19 0.60
1 20.00 0.32 Q.10 0.03 0.15% 0.68
1 25.00 0.26 0.08 0.03 0.12 0.40
1 30.00 0.22 0.07 0.02 0.10 0.34
1 35.00 0.19 0.0% 0.02 0.08 0.28
1 40.00 0.16 0.0% 0.02 0.07 0.26

Table 3-10. COMPUTED RAINFALL INFORMATION

TOTAL RBINFALL (CU FT) 105241,
TOTAL INFILTRATION (CU FT) 30579.
TOTAL GUTTER FLOw AT INLETY (CU FT) 63199,
TOTAL SURFACE STORAGE AT END OF STORM (Cu FT) 6231.

ERROR [N CONTINUITY, PERCENTAGE OF RAINFALL, 0.22029
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SCALE: 1 in. = 2,000 ft
INPUT DATA

Subarea number, KNUM = 1
Inlet point number, INPUT

[t}

65

Land use, KLAND = 2 (multi-family residential)
Subarea area, ASUB = 351 acres

Gutter length, GUTTER = 1,716 hundred ft

Subarea number, KNUM = 2

Inlet point number, INPUT = 65

Land use, KLAND = 3 (commercial)
Subarea area, ASUB = 15 acres

Gutter length, GUTTER = 72 hundred ft

Figure 3-15. SYSTEM REPRESENTATION OF THE EXAMPLE PROBLEM,
SELBY STREET, SAN FRANCISCO
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Table 3~11. EXAMPLE PROBLEM DATA INPUT, SURFACE QUALITY

CARD
GROUP
DATA NO.
2 1 10. 8 55 30 15
50. 14, 2 16
1. 100. 150. 17
1 65 2 351.00 1716.00 }18
2 65 3 15.00 72.00

Table 3-12. EXAMPLE PROBLEM OUTPUT, SURFACE
QUALITY, GENERAL INFORMATION

NUMBER OF SUBAREAS, KTNUM = 2
NUMBER CF INLETSs NINLTS = 1

VIME INTERVAL (MIN) DT = 10.00

STORM START TIHE (HRzMIN) = 8255

DRYDAY = 50ey CLFREQ= l4., NOPASS
AVERAGE NO. CB/ACREs COUEN = 1.

CB CONTENTS BUD (VMG/L)y CDBUD = 100,

C8 STURED VOLUME (GAL)e CBVOL = 150.
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SECTION 4

TRANSPORT BLOCK

BLOCK DESCRIPTION

Broad Description of Flow Routing
Broad Description of Quality Routing

SUBROUTINE DESCRIPTIONS

Subroutine TRANS

Subroutine TSTRDT

Subroutine SLOP

Subroutine FIRST

Subroutine INFIL
Dry Weather Infiltration (DINFIL)
Residual Melting Ice and Frost Infiltration (SINFIL)
Antecedent Precipitation (RINFIL)
High Groundwater Table (GINFIL)
Apportionment of Infiltration
Hydrologic Data
Sewer Data

Subroutine FILTH
Quantity Estimates
Quality Estimates

Subroutine DWLOAD

Subroutine INITAL

Subroutine ROUTE
Conduit Routing (NTYPES 1 to 15 Inclusive)
Routing in Manholes (NTYPE = 16)
Routing at Lift Stations (NTYPE = 17)
Routing at Flow Dividers (NTYPE = 18 and 21)
Routing at a Flow Divider (NTYPE = 20)
Routing Through a Storage Element (NTYPE = 19)
Routing at a Backwater Element (NTYPE = 22)

Subroutine QUAL

Subroutine PRINT

Subroutine TSTCST
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Support Subroutines and Functions
Block Data
Function DEPTH
Function DPSI
Subroutine FINDA
Subroutine NEWTON
Function PST
Function RADH
Subroutine TINTRP
Function VEL

INSTRUCTIONS FOR DATA PREPARATION

Transvort Model

Step 1 - Theoretical Data

Step 2 - The Physical Representation of

the Sewer System

Step 3 - Input Data and Computational Controls
Internal Storage Model

Step 1 - Call

Step 2 - Storage Description: Part 1

Step 3 - Output

Step 4 - Storage Description: Part 2

Step 5 - Unit Costs
Infiltration Model

Step 1 - Determine Groundwater Condition

Step 2 - Build Up Infiltration from Base Estimates
Dry Weather Flow Model

Step 1 - Establishing Subareas

Step 2 - Collection of Data

Step 3 - Data Tabulation

EXAMPLES

Example 1 - Transport Block
Description of Sample Data
Description of Sample Output

Example 2 ~ Subroutine INFIL

Example 3 - Subroutine FILTH
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SECTION 4

TRANSPORT BLOCK

BLOCK DESCRIPTION

Flow routing through the sewer system is controlled by subroutine TRANS
which is called from the Executive Block program. TRANS has the responsi-
bility of coordinating not only routing of sewage quantities but also

such functions as routing of quality parameters (subroutine QUAL), esti-
mating dry weather flow (subroutine FILTH), estimating infiltration (sub-
routine INFIL), and calling internal storage (subroutine TSTRDT). The
relationships among the subroutines which make up the Transport Block are
shown in Figure 4-1. The FORTRAN program is about 4,050 cards long,

consisting of 25 subroutines and functions.

This section describes the subroutines and functions used in the Transport

Block, provides instructions on data preparation, and furnishes examples

of program usage.

The 12 major subroutines are described in the order in which they are
called in a typical computer run. The 11 minor subroutines and functions,

which may be called by any of several subroutines, are described in alpha-

betical order at the end of the subsection.

Instructions are provided for these subroutines requiring card input data,

namely: transport, internal storage, infiltration, and DWF.

Examples, with sample I/0 data, are given for transport, infiltration, and
DWF computations. Internal storage procedures are similar to those des-

cribed in Section 5; hence they are not presented here.
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EXECUTIVE
BLOCK

B LOCK
DATA

Y
y[TsTCST]

+ [PRINT

\ QUAL

]
A A \\

Y
[TPLUGS}«—{TSTORG |¢—f—] ROUTE P~VEL] [ RADH |
] )

DPSI DEPTH
I PSI g: NEWTON

Note: Arrows point from the calling program to the called program.
Boxes with double underline represent major subroutines.

Figure 4-1. TRANSPORT BLOCK
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Broad Description of Flow Routing

To categorize a sewer system conveniently prior to flow routing, each
component of the system is classified as a certain type of "element."
All elements in combination form a conceptual representation of the
system in a manner similar to that of links and nodes. Elements mnay be
conduits, manholes, lift stations, overflow structures, or any other
component of a real system. Conduits themselves may be of different
element types depending upon their geometrical cross-section (e.g.,
circular, rectangular, horseshoe). A sequencing is first performed
(in subroutine SLOP) to order the numbered elements for computations.
Flow routing then proceeds downstream through all elements during each
increment in time until the storm hydrographs have been passed through

the system.

An option in the program is the use of the internal storage model which
acts as a transport element. The model provides the possibility of
storage of the routing storm at one or two separate points within the
sewer system (restricted by computer core capacity}. The program
routes the flow through the storage unit for each time-step based on
the equation Qinflow = Qoutflow + change in storage. Entry to the
internal storage subroutines is through TSTRDT (for data), TSTORG (for

computations), and TSTCST (for cost).

Broad Description of Quality Routing

Contaminants are also handled by the Transport Block. Pollutants may

be introduced, at the wuser's option, to the sewage system at three

89



locations:

1. Storm~generated pollutographs computed by the Runoff Block
are transferred on tape/disk devices to enter the system
at designated inlet manholes.

2. Residual bottom sediment in the pipes may be resuspended
due to the flushing action of the storm flows (subroutine
DWLOAD) .

3. For combined systems, DWF pollutographs (subroutine FILTH)

are also entered at designated inlet manholes.

The routing of the pollutants is then done for each time-step by sub-
routine QUAL. The maximum number of contaminants that can be routed is

four.

SUBROUTINE DESCRIPTIONS

Subroutine TRANS

Subroutine TRANS is the coordinating program for all quantity and quality

routing in the sewer system. Most of the I/O is performed in this
program, the principal exceptions being I/O to subroutines FILTH and
INFIL described later. All interfacing with the Executive Block, hence
with other Storm Water Management programs, is done through TRANS, and
all I/0 statements requiring tape/disk units are located in TRANS; some
scratch tapes are also used in conjunction with subroutine PRINT. The
program also performs certain functions in relation to quantity rout-
ing which will be described subsequently. A detailed flow chart of

TRANS is shown in Figure 4-2.
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()

ENTRY

«

READ
EXECUTIO
CONTROL
OATA

RKLASS 20

SER

KPRINT s O

Figure 4-2,

OEPTH-AREL
PARAME TERS,

READ
FLOW-AREA
PARAMETERS

NXLASS KPRINT

NAME ,NN MM,
ALFMAX,PSIMAX,
AFACT,RFACT

OKORM

RENTRL=O
YES

QGNORM

TITLE
NE,NOT,NINPUT,NNYN,
NNPE NOUTS,NPRINT,
NPOLL NITER,OT,EPSIL,
DWOAYS

91

NUE,NTYPE,DIST,
1, SCOPE ,ROUGH,
£2,BARREL,CEQON3

ASSIGN
DEFAULT
VALUES

REFER TO STORAGE
MODEL FLOW DIAGRAMS

CALL
TSTROT IF

INITIALIZE
ARRAYS

QPERATIONS TO
(13
BYPASSED?

READ
TITLE AND
CONTROL
VARIABLES FROM
RUNOFF
TAPE

TITLE
NOUM I, NINPUT,NPOLL,
NOUM 2,YZERQ,NORDER

TITLE
NOT,NOUTS, NPOLL,
0T, TZERO

READ ELEMENT

mv’:”’cu? r(on "

MICH INLET
OUTLET s NYN
HYDROGRAPHS & KPL
POLLUTOGRAFNS
ARE TO 8E
\ PRINTED /
our

$TORE
CONTROL
VARLAGLES

OFFLINE

SUBROUTINE TRANS



NCKTRLD
_YES

INCREMERT
TIME OF DAY

TAPE
QPERATICNS
T0 BE

READ
RUNOFF _
FLOW 8
POLLUTANT

NO

STORE SPECIFIED

INLETY Flow &
POLLUTANT
OROINATES

|

ARDJUST SEWAGE

SuM
INFLOWS

15 STORE €XCESS
conoutt YOLUME IN
SURCNARGED? UPSTREAM
ELEMENT
SET UPSTREAM SET INFLOW
SURCHARGE D TC CONDUIT
YOLUME TO AT FULL
- 1ERO FLOW
LOCATION
CALL ROUTE, o
CALL QUAL
STORE
SPECIFICD

NOUTED FLOW
B POLIUTANT
ORDINATES

REPLACE VALUES
AT QLD TIME—-STEP
WITH VALUES AT

JCURRENT TIME-STEP
e :

$TORE
SPLCIFIED
HYDROGRAPH &
POLLUTOGRAPH
ORDINATE S
OFFLINE

FOR TIME
VARIABILITY

l

SUM UPSTREAM

FLOWS FROM ALL
ELEMENTS
IHCLUOING

FLOW DIVIDERS

Yes

Figure 4-2.

FINAL SOLI08
PEPOSITION

{continued)
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CALL
PRINT

caLL

ISTCST

RETURN
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Most of the input to TRANS relates to data needed to describe the
particular sewer system being modeled (e.g., dimensions, slopes,
roughnesses, etc.) and parameters needed to solve the governing flow

routing equations.

Following input of these data, the sewer elements are sequenced for
computations in subroutine SLOP. Certain geometric and flow para-
meters are then initialized in subroutine FIRST while others are
initialized in TRANS. The various program parameters and initialized

variables describing the elements are then printed.

Element numbers at which storm hydrographs and pollutographs will enter
the system are read from a tape in the order in which hydrograph and
pollutograph ordinates will be read at each time-step from tapes.
Parameters relating to the amount of data to be stored and printed out

are also read (from cards).

If indicated, infiltration values will be calculated in subroutine
INFIL and DWF quantity and quality parameters will be calculated in
subroutine FILTH. Subroutine DWLOAD then initializes suspended solids
deposition, and subroutine INITAL initializes flows and pollutant con-
centrations in each element to values corresponding to a condition of

only dry weather flow and infiltration.

The main iterations of the program consist of an outer loop on time-
steps and an inner loop on element numbers in order to calculate flows

and concentrations in all elements at each time-step. Inlet hydrographs
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and pollutograph ordinates are read from a tape at each time-step

prior to entering the loop on element numbers.

When in the loop on element numbers (with index I), the current sewer
element through which flows are to be routed, indicated by the variable
M, is determined from the vector JR(I). This array is calculated in
subroutine SLOP in a manner to insure that prior to flow routing in a

given element, all flows upstream will have been calculated.

When calculating flows in each element, the upstream flows are summed
and added to surface runoff, DWF, and infiltration entering at that
element. These latter three quantities are allowed to enter the system
only at non-conduits, (e.g.,manholes, flow dividers). If the element
is a conduit, a check for surcharging is made. If the inflow exceeds
the conduit capacity, excess flow is stored at the element just up-
stream (usually a manhole) and the conduit is assumed to operate at
full-flow capacity until the excess flow can be transmitted. A message

indicating surcharging is printed.

Flows are then routed through each element in subroutine ROUTE and
quality parameters are routed in subroutine QUAL. When routing flows
in conduits, ROUTE may be entered more than once depending upon the
value of ITER, the number of iterations. It is necessary to iterate
upon the solution in certain cases because of the implicit nature of

calculating the energy grade line in ROUTE (see description of ROUTE).

Upon completion of flow and quality routing at all time~steps for all

elements, TRANS then performs the task of outputting the various data.
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Hydrograph and pollutograph ordinates for the outfall point(s) are
written onto tape for further use by the Executive Block, and subroutine

PRINT is then called for printing outflows for any other desired

elements.

Subroutine TSTRDT (::)

Subroutine TSTRDT is the data input program for internal storage and is
equivalent to subroutine STRDAT in the Storage Block. Basin geometry,
flood level, and outlet controls must be specified. B&an outline flow

chart of subroutine TSTRDT is shown in Figure 4-3.

Note that in order for subroutine TSTRDT to be called (from subroutine
TRANS), element type 19 must be specified in one orxr more locations on
the TRANS data cards. Presently, restrictions on machine capacity limit

the maximum number of internal storage or backwater sites to 2 locations.

Subroutine SLOP (::)

Subroutine SLOP orders the elements for computation so that all flows

upstream of a given element will have been routed prior to flow routing
in the given element. In this way routing at each time-step proceeds

downstream from those elements farthest upstream.

All elements are numbered for identification, and all parameters des-
cribing a given element are read in from one data card. In the ensu-
ing discussion, external element numbers refer to those numbers assign-
ed to sewer elements by persons responsible for reducing the physical

sewer system data. For example, the external element number assigned
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ENTER

Do
STORAGE

UNITS

READ, COMPUTE & WRITE
RESERVOIR CHARACTERISTICS
(VARIOUS OPTIONS)

BRANCH TO
OUTLET TYPE

COMPUTE & WRITE cuacx g WRITE
ROUTING PARANMETERS FFER VOLUME
(FoRr ORXFXCE OR WEIR) FOR PUAPS)
READ
RESERVGIR INITIAL COUDITIONS.
STCRAGE UNIT UNIT COSTS
LooP
RETURN

Figure 4-3. SUBRCUTINE TSTRDT
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to a manhole on a map might be 213. However, due to the fact that the
element data cards can be read into the computer in a random order,
the internal element number is the subscript assigned to data para-
meters of the element by the program. For example, the card with the
data for manhole number 213 may be the 49th element card read in. The
internal number (subscript) associated with all data for that element

will be 49.

The first task of SLOP is to determine the internal numbers of up-
stream elements (INUE) corresponding tc the external upstream element
number (NUE) entered on each data card. If an element has no elements
upstream, an artificial value equal to NE+1 is assigned to the up-
stream element number, where NE is the total number of elements. All

flows subscripted by NE+l are subsequently assigned zero values.

After determining the internal upstream element numbers, SLOP sequences
elements for computation. An element may be sequenced only after all
its upstream elements have been sequenced. The vector IR indicates
whether upstream elements have met this condition. When an element is
found available for sequencing at step i, the internal element number
is placed in the ith location of the vector JR. Thus, JR(1l) contains
the internal number of the element through which flows will be routed
first at each time-step. JR(2) contains the number of the second

element, etc.

Upon completion of the sequencing, the computation sequence and other
element information is printed out. A flow chart of SLOP is shown in

Figure 4-4.
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1ERO0 OuT
EQUENCING

ASSICN
ARTIFICAL
INTERNAL
NUMBE R
FIND TKEIR
NTERNAL NUMBER
00
LEMENT
LOOK AT S
NEXT YES ELEMENT sEIN
ELEMENT SEQUENCED,
ASSIGN
seouEncE|
KUMBER

ASSIGN
SEQUENCE
KUMBER

(aeromn )
O

Figure 4-4., SUBROUTINE SLOP
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Subroutine FIRST <::>

Subroutine FIRST calculates parameters of each element that will re-

main constant throughout flow routing, such as the cross-sectional area
of the conduit when flowing full (AFULL), the ratioc of the conduit
length to the time-step (DXDT), and other geometrical and flow para-
meters. Manning's equation is used in the calculation of flow para-
meters. Non-conduit parameters, in general, require little initializa-

tion in this subroutine. A flow chart of FIRST is shown in Figure 4-5.

Subroutine INFIL <::>

The infiltration program, INFIL, has been developed to estimate infil-

tration into a given sewer system based upon existing information about

the sewer, its surrounding soil and groundwater, and precipitation.

Using these data, INFIL has been structured to estimate average daily
infiltration inflows at discrete locations along the trunk sewers of a

given sewer system. A typical urban drainage basin in which infiltra-

tion might be estimated is shown in Figure 4-6.

Since the Storm Water Management Model's principal use will be to
simulate individual storms which cover a time period of less than a
day, average daily estimates from INFIL are calculated only once prior
to sewer flow routing. INFIL is called from subroutine TRANS by set-
ting the variable, NINFIL, equal to 1, thus signaling the computer to
estimate infiltration. Figure 4-7 represents a flow chart of the

subroutine.
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For the purposes of analysis, infiltration was classified into four
categories, i.e., miscellaneous sources causing a base dry weather
inflow, frozen residual moisture, antecedent precipitation, and high
groundwater. The cumulative effects of the first three sources can be
seen in Figure 4-8 which excludes surface runoff. Figure 4-8 shows
total infiltration QINF as the sum of dry weather infiltration DINFIL,
wet weather infiltration RINFIL, and melting residual ice and frost
infiltration SINFIL. However, in cases where the groundwater table
occurs above the sewer invert, it was assumed that groundwater GINFIL
alone will be the dominant source of infiltration. Thus, infiltration
is defined according to Eq. 1.
DINFIL + RINFIL + SINFIL .
QINF = or (1)
GINFIL for high groundwater table

Throughout subroutine INFIL, observations and estimates based upon
local data are given preference over generalized estimates for infil-
tration. Thus, the hierarchy for basing estimates is as stated in the
following list:

1. Use historical data for the study area under consideration.

2. Use historical data for a nearby study area and adjust results

accordingly.
3. Use estimates of local professionals.

4. Use generalized estimates based upon countrywide observations.

Dry Weather Infiltration (DINFIL). If the study area under considera-

tion has been gaged, base dry weather infiltration can be taken by
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Figure 4-8. COMPONENTS OF INFILTRATION
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inspection from the flow data. In the absence of flow data, an esti-
mate of the unit infiltration rate XLOCAL (gpm/in. diam/mile} for dry
weather must be obtained from local professionals. From data in the
form of calculated values of DIAM and PLEN, Eg. 2 can then be used to

determine DINFIL.

DINFIL XLOCAL * DIAM * PLEN (2)

where DIAM

1

Average sewer diameter (in.)

PLEN

Pipe length (mi).

Residual Melting Ice and Frost Infiltration (SINFIL). SINFIL arises

from residual precipitation such as snow as it melts following cold
periods. Published data (Ref. 1) in the form of monthly degree days
{below 65°F) provide an excellent index as to the significance of
SINFIL. Average monthly degree-days for cities in the United States
are reproduced in Appendix A, The onset and duration of melting can
be estimated by noting the degree days NDD above and immediately below

a value of 750. Refer to Figure 4-9 for the following description.

Within subroutine INFIL, the beginning of melting MLTBE is taken as
the day on which NDD drops below 750. Next, MLTEN is determined so

that A, equals A

1 In the absence of evidence to the contrary, it is

-
assumed that the melting rate is sinusoidal. The maximum contribution
RSMAX from residual moisture can be determined from previous gaging of

the study area or local estimates. In either case SINFIL is determined

within the program by Eq. 3.
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RSMAX*sin  [180* (NDYUD-MLTBE) / (MLTEN-MLTBE) |

SINFIL = (3)
0.0 if NDYUD is not in melting period or if
NDD never exceeds 750.
where NDYJD = Day on which infiltration estimate is desired
RSMAX = Residual moisture peak contribution (gpm)
MLTBE = Beginning of melting period (day)
MLTEN = End of melting period (day).

Antecedent Precipitation (RINFIL). RINFIL depends upon antecedent

precipitation occurring within 9 days prior to an estimate. If ante-
cedent rainfall is unavailable or less than 0.25 inch, the RINFIL con-
tribution to QINFIL is set equal to 0.0. From analyses on reported
sewer flow data not affected by melting, RINFIL was found to satisfy

the following linear relationship:

RINFIL

ALF + ALFO * RNO + ALFl * RNl + ... + ALF9 * RN9 (4)

where RINFIL

SWFLOW - DINFIL - SMMDWF

ALFN = Coefficient to rainfall for N days prior to estimate
RNN = Precipitation on N days prior to estimate (in.)

SWFLOW = Daily average sewer flow excluding surface runoff (gpm)
SMMDWF = Accounted for sewage flow (gpm).

To determine the coefficients in Eq. 4, a linear regression should be
run on existing flow and rainfall data. For comparative purposes, the
results of regression analyses for study areas (Ref. 2) in three selec-

ted cities are given in Table 4-1.
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Table 4-1. RINFIL EQUATIONS FOR THREE STUDY AREAS

Study Area Equation

Bradenton, RINFIL 4,1 + 2,9RNO + 17.5RN1 + 15.0RN2 +
Florida 12.8RN3 + 13.0RN4 + 10.4RN5 +
13.2RN6 + 10.1RN7 + 11.8RN8 + 9.5RN9

Baltimore, RINFIL = 2.4 + 11.3RNO + 11.6RN1 + 5.5RN2 +
Maryland 6.4RN3 + 4.8RN4 + 3.6RN5 + 1.0RN6 +
1.5RN7 + 1.4RN8 + 1.8RN9

Springfield, RINFIL = 2.0 + 18.3RNO + 13.9RN1 + 8.9RN2 +
Missouri 5.5RN3 + 6.7RN4 + 16.4RN5 + 5.2RN6 +
4.6RN7 + 4.4RN8 + 1.3RNO

High Groundwater Table (GINFIL). For locations and times of the year

that cause the groundwater table to be above the sewer invert, ground-
water infiltration GINFIL supersedes any notations of DINFIL, RINFIL,
and SINFIL. GINFIL can be determined from historical sewer flow data
by inspection or regression analysis. Regression analysis would in-

volve determineation of the BETA coefficients in Eq. 5.

GINFIL = BETA + BETAl * GWHD + BETA2*GWHD**2 + BETA3 * GWHD**0.5 (5)

where GWHD

Groundwater table elevation above sewer invert (ft)

BETAN

0

Coefficient for term N in Eq. 5.

Apportionment of Infiltration. Once an estimate of local infiltration

QINF has been obtained, this flow must be apportioned throughout the
designated study area. The criterion chosen for apportionment is an
opportunity factor OPINF which represents the relative number and

length of openings susceptible to infiltration. Pipe joints consti-

tute the primary avenue for entry of infiltration (Ref. 3).
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OPINF for an entire study area is determined within INFIL using Eq. 6:

OPINF = Z’H * DIAM * DIST/ULEN) (6)
conduits

where T * DIAM

I

Pipe circumference (ft)

DIST/ULEN Number of joints in each conduit

ULEN Average distance between joints.

Hydrologic Data. Concurrent historical rainfall, water table, and

sewer flow data of several weeks' duration are needed to completely
describe infiltration. 1In addition, rainfall for the 9 days prior to
the flow estimate is required to satisfy the regression equation for

RINFIL.

Ideally, the rainfall record would be from a rain gage which is located
near the center of the study area and which records daily rainfall in
inches. If more than one rain gage is located within the study area,
daily measurements from all gages should be averaged. Missing data
(e.g., from a malfunctioning gage) or a total absence of measurements
due to no gaging within the study area can be overcome with measure-
ments taken from a rain gage located within a few miles. If Weather
Bureau Climatological Data recorded at the nearest airport or federal
installation are not available, contact the National Weather Bureau

Recoxds Center for assistance (Ref. 4).

should some other form of precipitation, e.g., snowfall, be encountered,

it will be necessary to convert this to equivalent rainfall. 1If
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estimates are unavailable from the Weather Bureau, the ratio of 10

inches of snow to 1 inch of rain may be used.

Water table data should also be obtained from gaging within the study
area. However, shallow-well data from the U. S. Geological Survey or
state geological office can be used to supplement missing data. Water
table elevations are not required if they are below the sewer inverts

for the day on which QINF is to be estimated.

Sewer Data. Sewer flow data for regression analysis should be taken
from a gage located at the downstream point within the study area.
Upstream gaging may be used to estimate flows at the downstream point

by simply adjusting flows based upon respective surface area.

Physical sewer data (e.g., lengths, diameters, shapes) are taken from
information used within TRANS to route sewer flow. To assist in de-
termining the number of joints in the trunk sewer, an estimate of the

average pipe section length ULEN should be supplied.

Subroutine FILTH <::>

Subroutine FILTH has been developed to estimate average sewage flow

and quality from residential, commercial, and industrial urban areas.
FILTH estimates sewage inputs at discrete locations along the trunk
sewers of any specified urban drainage basin. These estimates are
calculated from data describing drainage basin subsections (subcatch-
ments and subareas) under which the trunk sewer passes. An example of
a hypothetical sewer system and input situation is given in Figure 4-10

To save repetition all drainage basin subdivisions will be referred to
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MATED
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as subareas in the following discussion. As shown in the figure, an
input manhole near the center of each subarea is assumed to accept all
sewage flow from that subarea. Criteria for establishing subarea boun-

daries and input locations are discussed later in the text.

In the context of the Storm Water Management Model, FILTH calculates
daily sewage flow (cfs) and characteristics (BOD, SS, and total coli-
forms) averaged over the entire year for each subarea. FILTH is called
from the program TRANS by setting the parameter NFILTH equal to 1.

Flow and characteristic estimates and corresponding manhole input num-
bers are then returned to TRANS where the estimates undergo adjustment
depending upon the day of the week and hour of the day during which
simulation is proceeding. Reference to Figure 4-11 will assist in

understanding the structure and logic of FILTH.

The subroutine is omitted when modeling separate storm sewers.

FILTH is designed to handle an unrestricted number of inlet areas and
individual process flow contributors. As a safegquard against faulty
data, however, a program interrupt is provided if the combined number

exceeds 150, which is a limit set by the Transport Model.

Quantity Estimates. The three data categories used to estimate sewage

flows are: (1) drainage basin data, (2) subarea data, and (3) decision

and adjustment parameters.

Study area data are TOTA, KTNUM and ADWF. KTNUM denotes the number of

subareas into which a drainage basin, having a surface area TOTA (acres):
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is being divided. ADWF, which is optional depending upon its avail-
ability, gives the average sewage flow (cfs) originating from the en-
tire drainage basin (e.g., average flow data from a treatment plant

serving the study area).

Subarea data regquirements consist of several options depending upon
availability and choice of input. Discussion later in the text will
assist in data tabulation by noting the order of preference where
options exist. Subarea data can be broken into three categories as
follows: (1) identification parameters, (2) flow data, and (3) esti-
mating data.

1. Identification Parameters

Identification parameters are KNUM, INPUT, and KLAND. KNUM
identifies each subarea by a number less than or equal to
KTNUM. For each of the KTNUM subareas, INPUT indicates the
number of the manhole into which IWF is assumed tc enter.
Land use within each subarea which approximately corresponds
to zoning classification, is categorized according to

Table 4-2. KLAND serves as an important factor in deciding
subarea locations and sizes. Figure 4-12 will assist in

describing how the above data are determined and tabulated.

2. Flow Data

Flow data are optional inputs that eliminate the need for
using predictive equations. Two possible types of flow data
are average sewage flow measurements, SEWAGE, and metered

water use, WATER. Commercial or industrial sewage flow or
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Table 4~2. LAND USE CLASSIFICATION

KLAND
1 Single-family residential
2 Multi-family residential
3 Commercial
4 Industrial
5 Park and open area

water use measurements should be input using the variable
SAQPF. Flows from commercial and industrial establishments
located in residential subareas may be included using SAQPF,

also.

Metering at 1ift stations and other flow control structures
within the study area is occasionally available and should be
used whenever possible. Metered water use offers a more
available source of subarea flow data. Unfortunately, con-
siderable effort in locating, tabulating, and averaging these

data is often required.

Estimating Data

For each subarea where SEWAGE and WATER measurements are not
available, estimated water use must be used as an estimate of
sewage flow. In the case of a factory or commercial estab-
lishment, estimates can be made by multiplying the number of
employees by an established coefficient (gpd per employee).

In the case of a large factory or commercial establishment,
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SEWER ELEMENT NUMBERS

MANHOLE

SUBCATCHMENT OR SUBAREA
NUMBER

INPUT MANHOLES

CONDUITS
SUBAREA BOUMNDARIES
SUBCATCHMENT BOUNDARIES

Sewer and Subcatchment Data

1.
2.

Manhole 32 is the most downstream point.

Subcatchments 1,2,3, and 4 are single-family residential
areas, each 100 acres in size and each with water metering.
Subcatchments 5 and 7 are 220-acre industrial areas.
Subarea 6 is a 250-acre park.

Subarea 8 is a 50-acre commercial area.

Subareas 6 and 8 constitute a subcatchment draining to
input manhole number 21.

Resulting Data

8 sewage estimates
KTNUM, total subcatchments and subareas in drainage basin = 8.
TOTA, total acres in drainage basin = 1,140.

ASUB,
KNUM, INPUT, KLAND, acres in
subcatchment input manhole 1land use  subcatchment
or subarea number catecory or subarea
1 3 1 100
2 17 1 100
3 29 1 100
4 8 1 100
5 26 4 220
6 21 5 250
7 24 4 220
8 21 3 50

Figure 4-12. DETERMINATION OF SUBCATCHMENT AND IDENT-

IFICATION DATA TO ESTIMATE SEWAGE AT
8 POINTS
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one subarea may be established with estimated water use tabu-
lated as SAQPF for that subarea. On the other hand, estimates
of water use for established non-residential areas (e.g., in-
dustrial parks or shopping centers) may be summed and tabulated
as SAQPF for one large subarea. A list of the above mentioned

coefficients is given in Appendix A.

In the case of residential areas, estimating data for each
subarea are METHOD, PRICE, ASUB, POPDEN, DWLNGS, FAMILY, and
VALUE. Default values and definitions of each of these are

given in the description of input data.

Decision and adjustment parameters consist of DVDWF, HVDWF, KDAY, KHOUR,
KMINS, CPI, and CCCI. DVDWF and HVDWF are daily and hourly correction
factors, respectively, for DWF. DVDWF is comprised of 7 numbers that
are ratios of daily average sewage flows to weekly average flow. Like-
wise, HVDWF is comprised of 24 numbers that are ratios of hourly aver-
age sewage flows to daily average flow. Both groups of numbers have
been derived from observed flow variation patterns throughout the
country (Refs. 5, 6). Their use is to correct measured or estimated
average sewage flow to more accurate estimates depending upon the day
and hour. Typical sewage flow variations are shown in Figures 4-13

and 4-14. Even though these flow patterns are suggested, locally ob-

served patterns more accurately describe local variations and should

be used when available.

118



Ratio of Mean Average Flow

Ratio of Mean Average Flow

T | i ] | ]
1.10— —
1.00— —
e ——
r— ———
| ]
0.90 i ! 1 ! | i
1 2 3 4 5 6 7 1
Sur Mon Tue Wed Thur Fri Sat Sun

DAY OF THE WEEK

Figure 4-13. REPRESENTATIVE DAILY FLOW VARIATION

T T T T T T T T T T T T ] T
- -
1.0 |— |
0.5 | _
TN NN RN
12 6 12 6 12
—r” ~o ) A |
a.m, p.m,

HOUR OF THE DAY

Figure 4~14. REPRESENTATIVE HOURLY FLOW VARIATION

119



KDAY, KHOUR, and KMINS denote the day, hour, and minute at which simu-
lation is to begin. As simulation proceeds, these values are continu-
ally updated to their correct values. By noting the current day and
hour, the appropriate values of DVDWF and HVDWF can be multiplied by
average flow to determine the correct value. KXDAY ranges from 1 to 7
with Sunday being day number 1. KHOUR ranges from 1 to 24 with mid-
night to 1 a.m. being hour number 1. Likewise, KMINS ranges from 1 to

60 with minute 1 being the first minute after the hour.

Two cost indices are employed to adjust current house valuations and
water prices to appropriate 1960 values and 1963 prices, respectively.
This is done because estimating equations within FILTH are based upon
1960 values and 1963 prices. CPI, consumer price index, has been
chosen to adjust water price by multiplying water price by 1960 CPI
divided by the current CPI. CCCI, composite construction cost index,
has been chosen to adjust house valuations similarly. Both indices
can be found in most libraries in journals on economic affairs

(Refs. 7, 8).

Quality Estimates. The purpose of the DWF quality computaticon is to

apportion waste characteristics (such as would be measured at a
sewage treatment plant before treatment) among the various subareas
in the drainage basin under study, or, in the event no measured data
are available, to estimate and apportion usable average values. The
apportionment is based upon the flow distribution, land use, measured
or estimated industrial flows, average family inccme, the use or

absence of garbage grinders, and infiltration. A generalized flow
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diagram showing the interrelationships with the quantity computations

is shown in Figure 4-11.

When called, subroutine FILTH first reads in an array of daily and
hourly flow and characteristic variations. B&All are expressed as ratios
of their respective yearly or daily averages and they are stored in
real time sequence (one set of values for each day starting with

Sunday or each hour starting at 1:00 a.m.)}.

The next card read gives the total number of subareas and process
flow sources to be processed; the type case--that is, whether the
total DWF characteristics are known or to be estimated; the number
of process flow contributors; the starting time of the storm event;

the cost indices; and the total drainage basin population.

The next series of computations sets values for A1BOD, AlSS, and
ALCOLI, which are the average weighted DWF characteristics in
lb/day/cfs for BOD and SS and in MPN/day/capita for total coliforms.

Depending upon the instructions given, computations proceed along

Case 1 or Case 2 channels.

Case 1

In this instance the total DWF quality characteristics are known
at a point well downstream in the system. These characteristics
may be obtained from treatment plant operating records (raw
sewage) or by a direct sampling program. The average daily

values are read into the program for flow, BOD, SS, and coliforms.

The total pounds per day of BOD and SS and the total MPN per day
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of coliforms are then calculated. Then, infiltration is sub-
tracted from the average daily flow. (Note that infiltration is
computed by a separate subroutine of the Transport Model and must
be executed prior to subroutine FILTH or a default value will be

assumed. )

Next, the known process flow contributions are summed and
deducted from the daily totals, yielding a further corrected

flow, C2DWF, and characteristics, C1BOD and ClSsS.

Finally, corrections are made for personal income variations,
degree of commercial use, and garbage grinder status. The
DWF quantity does not change but the characteristics obtain new,

weighted values, C2BOD and C2SS.

A1BOD and AlSS are then computed directly. AlCOLI is computed

by dividing the total MPN per day by the total population.

Case 2

Here no direct measurements are available; thus, estimates

must be made or default values will be assumed. A typical
application of Case 2 would be in a situation where several
catchments are to be modeled, yet funds will permit monitoring
the DWF only in a single area. AlBOD, AlSS, and AlCOLI would
be computed via the Case 1 subroutine for the known area and the
results would be transferred as Case 2 for the remaining catch-

ments.
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The default values for AIBOD, AlSS, and Al1COLI are 1,300, 1,420,
and 200 billion respectively. These values assume 85 gal./capita/
day, 0.20 1lb/capita/day BOD, 0.22 lb/capita/day SS, and 200

billion MPN/capita/day for average income families.

A loop is next formed to compute and design average daily quality
values for all inlets and individual process flow sources. This

loop also computes the DWF quantities as described earlier.

Two data cards are required to read in all the flow and guality
parameters for each subarea and each individual process flow
source. After computation of the DWF quantity for the subarea,
the population is computed and totalized. Next, the quality
characteristics are computed on the basis of land use, family
income, and garbage grinder status, and the results are tabulated
(printed) and totalized (printed only on call - subtotals - or

completion) .

The computational sequence is complete when all areas and process
flow sources have been executed (i.e., number of iterations
equals KTNUM) and totals have been printed. Upon completion,

control returns to TRANS.

Subroutine DWLOAD <::>

Subroutine DWLOAD was developed to assist subroutine QUAL (which will
be discussed later) by establishing the initial sediment load within
a sewer system. This was accomplished by using Shield's and Manning's

works to estimate daily sediment accumulation in each section of the
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sewer under DWF conditions. By assuming a constant daily buildup of
sediment during consecutive dry weather days, DWDAYS, initial sediment
load estimates were made possible. Thus, a substantial portion of
the solids that might contribute to a first flush of the sewers was

allowed. Refer to Figure 4-15 for further description of DWLOAD.

Program usage of DWLOAD is quite simple, as DWDAYS, the number of days
since the last storm that caused cleansing of the sewer, is the only

data input. This number must be included with the data for TRANS.

Subroutine INITAL <::>

Combined sewer systems will seldom if ever be dry because of their
dual function of carrying DWF as well as storm flow. In the case of a
storm sewer, DWF will consist of only infiltration. Subroutine INITAL
thus initializes flows in the system to the appropriate DWF values.
Pollutant concentrations are initialized to those corresponding to
wastewater diluted by infiltration, which is assumed to contain no

pollutants.

Flow areas in conduits are determined from Manning's equation assuming
normal depths initially. A flow chart of INITAL is shown in

Figure 4-16.

Subroutine ROUTE

Subroutine ROUTE contains the fundamental aspects of flow routing

through all elements. Upon entering ROUTE, a check is made to deter-

mine if the element is a conduit or not, using the variable KLASS.
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KLASS is a function of the element type {not the individual element

number) and has the following values:

KLASS = 1 Conduit with a functional flow-area relatiocnship
KLASS = 2 Conduit with a tabular flow-area relationship
KIASS = 3 Element is not a conduit.

If KLASS = 3, a branch is made to the appropriate routing technique
for that particular element type (e.g., manhole, lift station, flow

divider). The flow chart of ROUTE is shown in Figure 4-17.

Functional flow-area relationships are those in which the governing
equations are actually programmed. This is done only for conduits
with simplified geometries, specifically rectangular, modified basket
handle, rectangular (triangular bottom), and rectangular (round bottom)
All other conduits use tabular data to describe the flow-area curve

(discussed later).

Different element types supplied with the Storm Water Management

Model are described in Table 4-3.

Conduit Routing (NTYPES 1 to 15 Inclusive). When an element is a

conduit, the first step is to determine the slope of the energy grade
line (unless the conduit is flowing full because of surcharging).

In calculating the energy slope, velocities and normalized depths are
found from functions VEL and DEPTH, respectively. The value of the
energy slope is used in computing the full flow and maximum flow
capacity using Manning's equation and constants specified in subroutiné

FIRST. When more than one iteration is used for conduits, the energy
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Table 4-3. DIFFERENT ELEMENT TYPES SUPPLIED WITH THE
STORM WATER MANAGEMENT MODEL

NTYPE DESCRIPTION
Conduits

1 Circular

2 Rectangular

3 Phillips standard egg shape
4 Boston horseshoe

5 Gothic

6 Catenary

7 Louisville semielliptic

8 Basket-handle

9 Semi-circular

10 Modified basket-handle

11 Rectangular, triangular bottom
12 Rectangular, round bottom
13, 14, 15 User supplied

Non-conduits

16 Manhole
17 Lift station
18 Flow divider
19 Storage Unit

20 Flow divider
21 Flow divider
22 Backwater element

slope is computed using velocities and depths from the previous
iteration. Only one iteration will be used when the flow in the con-
duit can be expected to be supercritical at nearly all depths (as
determined in FIRST for each conduit and indicated by the variable

SCF) .

The problem of flow routing is basically one of determining the down-
stream flow and area in a conduit, given the flow and area upstream and

conditions at the previous time-step. The continuity equation in
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finite difference form and Manning's equation based upon the energy
slope are used for this purpose. The mathematical problem then

becomes one of determining the intersection of the straight line

-C10 = Cy with a normalized flow-area relationship determined from
Manning's equation for a particular conduit geometry, as shown in
Figure 4-18. In general, the variable o, (ALPHA), represents A/AFULL
where A is the cross-sectional area of flow at the upstream or down-
stream end of the conduit and AFULL is the full-flow area. The
variable §, (PSI or PS), represents Q/QFULL where Q is the flow at the
upstream or downstream end of the conduit and QFULL is the full-flow

value.

For a particular element type, the flow-area curve may ke given in a
functional form, i.e., in its exact mathematical form. In this event
(KLASS = 1}, the intersection of the straight line and the curve is

found using a Newton-Raphson iteration performed in subroutine NEWTON.

The flow—-area curve for a particular element type may alsc be repre-
sented in a piecewise-linear or "tabular" form (KLASS = 2). The
different line segments describing the curve are.then tried until the
one is found that intersects the gtraight line —Cla - C, on the curve
itself. The value of ALPHA (A/AFULL} at this location is determined
and the value of PSI {Q/QFULL) corresponding to ALPHA is also deter-

mined.

In the event that no intersection of the curve and the straight line is

found (i.e., non-convergence), default values are assigned to the down-
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stream flow and area of the conduit. This occasionally occurs when
the conduit is initially dry. (The downstream flow and area will be
assigned zero values in this instance.) 1In the event of non-convergence,
a message to that effect will be printed if the variable NPRINT was

specified greater than O.

Routing in Manholes (NTYPE = 16). Flow routing is accomplished in man-

holes by specifying that the outflow equals the sum of the inflows.

Routing at Lift Stations (NTYPE = 17). When the volume of sewage in

the wet well reaches capacity, the pumps begin to operate at a con-

stant rate. This continues until the wet well volume equals zero.

Routing at Flow Dividers(NTYPE = 18 and 21). Both types will divide

the inflow, QI, into two outflows, Q01 and Q02, The divider then

acts as follows:

For O<QI<GEOM1 , Q01 = oI
Q02 = 0.0

For GEOM1<QI , Q01 = GEOML
Q02 = QI-GEOM1

The undiverted outflow, Q01, will flow into the downstream element
denoted by GEOM3. (The element into which flows Q02 does not need to

be specified).

Routing at a Flow Divider (NTYPE = 20). This element is used to model

a weir-type diversion structure, in which a linear relationship
between flow rate and flow depth is assumed to exist. The parameters

of the, element are defined in Table 4-4,
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The flow divider behaves as a function of the inflow, QI; as follows:

For Q<QI<DIST . Q0L = QI
Q02 = 0.0
For DIST<QI ' Q01 and Q02 are computed as follows:

1. Compute depth of flow above the weir, assuming a linear
flow-depth relationship:
DH = (QI-DIST)* (GEOM2-GEOMl1)/(SLOPE-DIST)

2. Compute the diverted flow from the weir formula:
Q02 = ROUGH*DH**1.5

3. Compute the undiverted flow:

Q01 = QI-Q02.

Routing Through a Storage Element (NTYPE = 19). This element is

specified only when internal storage computations are required. The
supporting data must have previously been fed into the program in sub-
routine TSTRDT. The inflowing pollutant concentrations are determined
first. Then quantity and quality routing are accomplished in subroutine
TSTORG (Figure 4-19), and its subroutines: TSROUT (Figure 4-20) and
TPLUGS (Figure 4_21).' Subroutine TSTORG is called from ROUTE each
time-step to compute movements within the storage unit. TSROUT pro-
vides the hydraulic routing computation and TPLUGS traces and identifies
the plug elements when the plug flow-through option is selected. If
the alternate option, complete mixing, is selected, necessary computa-
tions are completed within TSTORG. A more comprehensive description

of the storage routines is presented in Section 5 of this manual.
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Routing at a Backwater Element (NTYPE = 22). The ratio of the volume

of flow currently stored in the downstream storage element to the
maximum possible storage is determined. The inflow to the storage

unit, Q01, is then proportional to the square root of this ratio.

Subroutine QUAL (:)

The sewer decay (quality routing) program is divided into two major
subroutines, QUAL and DWLOAD. QUAL was developed to describe pollutant
movement through any specified sewer system , given sewer data and con-
current flows and velocities. The processes of organic decay, re-
aeration, deposition, and sediment uptake were included to modify
pollutant concentrations under DWF or storm conditions. Using these
processes, QUAL has been designed to route the following four pollutants:
BOD, DO, suspended solids, SS, and any conservative pollutant, P.

Refer to Figure 4-22 for further descriptions of QUAL.

The lack of data input for subroutine QUAL simplifies program usage
considerably. "However, a few user options do exist, each of which

requires minor modification to QUAL.

Rate constants for deoxygenation and reae;ation have been chosen as

0.2 per day and 0.3 per day, respectively. If locally observed rate
constants for flowing sewage have been determined, these should be used
to recalculate D1 in the section on BOD and D1 and D2 in the section on
DO in QUAL. Likewise, assumed saturation of 7 mg/L should be replaced
by inserting a more appropriate value of S under the section on DO

in QUAL.
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Specific gravity of sediment in the sewer has been assumed as 2.70.

To override this assumption, SPG = 2.7 should be replaced with measured
specific gravity in the section on suspended solids in QUAL. A sieve
analysis curve has been selected to describe typical sediment within
the sewer. The curve as it exists in QUAL is shown in Figure 4-23.
However, if actual sieve analyses of sewer sediment have been taken,
these should be averaged and plotted. Three straight lines are usually
sufficient to approximate any sieve analysis plot. The resulting
representation of the plot in equation form should then replace the

existing eguations under suspended solids in QUAL.

Subroutine PRINT (::)

During execution of TRANS, output data are stored on off-line devices
(e.g., tapes, disks). After all routing is completed, subroutine
PRINT is used to print the data from these devices, overlaying the
previous common block as it does so. The flow chart of PRINT is shown

in Figure 4-24.

Subroutine TSTCST <::>

When internal storage units have been used, capital and operating
costs of the designated units may be computed by setting the parameter
ICOST to a non-zero value. A flow chart of TSTCST is shown in

Figure 4-25,

Support Subroutines and Functions

The remaining subroutines and functions are placed in alphabetical

order since they may be called by several different subroutines.
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Block Data. This subprogram initializes, through the use of DATA state-
ments, several arrays in the common blocks labeled "NAMES" and "TABLES."
Most of these arrays contain data used during the flow routing

process, such as the flow-area and depth-area curves. The data for

the supplied conduit shapes are stored here.

Function DEPTH. This function determines the normalized depth of
flow in a conduit, given the normalized area of flow for a conduit
with either a functional (KDEPTH = 1) or tabular (KDEPTH = 2) depth-

area relationship. A flow chart of DEPTH is shown in Figure 4-26.

Function DPSI. This function returns a value of the derivative
(dY/du) of the normalized flow (Y)-area(d) curve for a functional re-
lationship. The equations describing the derivative of the flow-area
curves for four conduits are programmed. Function PSI must have been
called immediately prior to calling DPSI because certain scratch
variables must be initialized in PSI. This will always be the case

as long as DPSI is called only from NEWTON. A flow chart of DPSI is

shown in Figure 4-27.

Subroutine FINDA. (::) This subroutine, called from DWLOAD, ROUTE, and

INITAL, determines the flow area given the flow rate in conduits with
either tabular or functional flow+area curves. In the event of a
functional curve, the area is found from a Newton-Raphson iteration

in subroutine NEWTON. A flow chart of FINDA is shown in Fiqure 4-28.
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Subroutine NEWTON. This subroutine performs a Newton-Raphson

iteration to determine the intersection of the straight line -Cla - C2
with the normalized flow-area (Y—-0) curve given in functional form.
Functions PSI and DPSI return values of P(a) and dP(a)/dd, respectively.
The value of KFLAG is set to one if there is convergence and to two if

there is not. The flow chart of NEWTON is shown in Figure 4-29.

Function PSI. This function returns a value of normalized flow

(Y), given a value of normalized area (@) for conduits with a functional
flow-area curve. The equations describing the flow-area curves for
four conduits are programmed. A flow chart of PSI is shown in

Figure 4-30,

Function RADH. (::) This function determines the hydraulic radius,
given the area of flow in a conduit. It is found exactly for circular,
rectangular (including triangular and round bottoms), and modified
basket-handle conduits. For other types, the diameter of an equivalent
circular conduit is found, (i.e., one with an equal full-flow area).
The hydraulic radius is then found using the given flow area and the
equivalent circular section. The flow chart of RADH is shown in

Figure 4-31.

Subroutine TINTRP. (::) This subroutine performs simple linear inter-

polation between points identified by coordinate values. The flow chart

for TINTRP is shown in Figure 4-32.

Function VEL. (::) This function calculates a velocity by dividing
the flow by the area. The reason for having a separate function for this

purpose is that it also checks for zero flow and area to avoid a divide
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check error during program execution. Flow chart for VEL is given in

Figure 4-33.

INSTRUCTIONS FOR DATA PREPARATION

Instructions for data preparation for the Transport Block have been
divided along the lines of the major components for clarity of the
presentation. These components are: Transport, Internal Storage, In-
filtration, and Dry Weather Flow. All data input card and tape/disk
sources enter the Transport Block through one of these components.

The typical data deck setup for the complete Transport Block is shown

in Figure 4-34. Transport data describe the physical characteristics

of the conveyance system. Internal Storage data describe a particular
type of Transport element. Infiltration and DWF data describe the
necessary area characteristic to permit the computation of the respective

inflow quantities and qualities.

Data card preparation and sequencing instructions for the complete
Transport Block are given at the end of these instructions in Table 4-6
followed by an alphabetical listing of the variable names and descrip-

tions in Table 4-7.

Transport Model

Use of the Transport program involves three primary steps:
Step 1 - Preparation of theoretical data for use by subroutines
engaged in hydraulic calculaticns in the program.
Step 2 - Preparation of physical data describing the combined

sewer system.
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Step 3 - Generation of inlet hydrographs and pollutographs
required as input to the Transport Model and

computational controls.

Data for Step 1 are supplied with the Storm Water Management program

for 12 different conduit shapes, and it will only be necessary for the
‘user to generate supplemental data in special instances. These instances
will occur only when conduit sections of very unusual geometry are in-
corporated into the sewer system. Generation of such data will be

discussed below.

The primary data requirements for the user are for Step 2, the physical
description of the combined sewer system. This means, essentially, the
tabulation of sewer shapes, dimensions, slopes, roughness, etc., which

will be discussed in detail below.

The data for Step 3 will be generated by the Runoff Block, described in

Section 3 of this manual, and by subroutine INFIL and FILTH.

Step 1 - Theoretical Data. The first data read by TRANS describe the

number and types of different conduit shapes found in the system. Only
in the case of a very unusual shape should it become necessary to
generate theoretical data to supplement the data supplied by the program.
The required data describe flow-area relationships of conduits, as shown
in Figure 4-18, through the parameters ANORM and QNORM. A similaf

depth-area relationship is also required, using the parameter DNORM.
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The flow-area data are generated from Manning's equation, normalized
by dividing by the corresponding equation for the conduit flowing full,

denoted by the subscript £. Thus,
Q/Qf = A*R**O.667/(Af*Rf**0.667) = f(A/Af) (7)

where Q = Flow

A = Flow area

e
i

Hydraulic radius.

For a given conduit shape (e.g., circular, rectangular, horseshoe), the
hydraulic radius is a unique function of the area of flow; hence, Q/Qf
is a function only of A/Ag¢. This function is tabulated for circular
conduits in Appendix I of Ref. 9, for example, and on page 443 of
Ref.10 for a Boston horseshoe section. It is shown in graphical form
for several conduit shapes in Chapter XI, Ref. 11,from which some

data supplied with this program have been generated. A list of the
conduit shapes supplied with the Storm Water Management program as well

as all other element types was given in Table 4-3. The conduits are

illustrated in Fiqure 4-35.

It will often be satisfactory to reéresent a shape not included in

Table 4-3 by one in the list of similar geometry, to be discussed

later. This use of "equivalent" sewer sections will avoid the problem
of generating flow-area and depth-area data. An equivalent section is
defined as a conduit shape from Table 4-3 whose dimensions are such that
its cross-sectional area and thé area of the actual conduit are equal.

Only very small errcrs should result from the flow routing when this is

done.
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If it is desired to have the exact flow-area and depth-area relation-
ships, then the product aRr2/3 must be found as a function of area.
In general, the mathematical description of the shape will be complex
and the task is most easily carried out graphically. Areas may be
planimetered, and the wetted perimeter measured to determine R.

In addition, the depth may be measured with a scale. The required
flow-area relationship of Eg. (7) may then be tabulated as can the
depth~area relationship. The number of points on the flow-area and
depth-area curves required to describe the curves is an input variable
(MM and NN, respectively). Note that the normalized flows (QNORM) and
depths (DNORM) must be tabulated at points corresponding to MM-1 and

NN-1l, respectively, equal divisions of the normalized area axis (ANORM) .

Step 2 - The Physical Representation of the Sewer System. These data

are the different element types of the sewer system and their physical
descriptions. The system must first be identified as a system of
conduit lengths, joined at manholes (or other non-conduits). 1In
addition, either real or hypothetical manholes should delineate
significant changes in conduit geometry, dimensions, slope, or rough-
ness. Finally, inflows to the system (i.e., storm water, wastewater,
and infiltration) are allowed to enter only at manholes {(or other non-
conduits). Thus manholes must be located at points corresponding to
inlet points for hydrographs generated by the Runoff BlOCk-and'input
points specified in subroutines FILTH and INFIL. 1In general, the task
of identifying elements of the sewer system will be done most conven-
iently in conjunction with the preparation of data for these other sub-

routines.
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Desceription of Conduits

The 12 conduit shapes supplied with the Storm Water Management program
are shown in Figure 4-35. For each shape, the required dimensions are
illustrated in the figure and specified in Table 4-5. 1In addition,
Table 4-5 gives the formula for calculating the total cross-sectional

area of the conduit.

Usually, the shape and dimensions of the conduit will be indicated on
plans. It is then a simple matter to refer to Figure 4-35 for the
proper conduit type and dimensions. If the shape does not correspond
to any supplied by the program, it will ordinarily suffice to choose a
shape corresponding most nearly to the one in question. For example,
an inverted egg can be reasonably approximated by a catenary section.
The dimensions of the substitute shape should be chosen so that the
area of the substitute conduit and that of the actual conduit are the
same. This is facilitated by Table 4-5, in which the area is given as
a function of the conduit dimensions. If desired, the flow-depth-area
parameters for up to three additional conduit shapes may be read in at

the beginning of the program. (See Card Groups 2-10, Table 4-6.)

Occasionally, the conduit dimensions and area may be given, but the
shape not specified. It will sometimes be possible to deduce the shape
from the given information. For example, a conduit may have an area of
4.58 square feet and dimensions of 2 feet by 3 feet. First, assume
that the 2-foot dimension is the width, and the 3-foot dimension is the
depth of the conduit. Second, note from Figure 4-35 that the ratio of

depth to width for an egg_shaped conduit is 1.5:1. Finally, the area
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Table 4-5. SUMMARY OF AREA RELATIONSHIPS AND

REQUIRED CONDUIT DIMENSIONS*

Required Dimensions,

Ntype Shape Area ft
1 Circular (T/4)* (G1) **2 GEOM1 Diameter
2 Rectangular G1*G2 GEOM1 = Height
GEOM2 = Width
3 Eqg-shaped 0.5105%(G1) 2 GEOMl = Height
4 Horseshoe 0.829* (G1) 2 GEOM1 Height
5 Gothic 0.655% (G1) 2 GEOMl = Height
6 Catenary 0.703* (G1) 2 GEOM1 = Height
7 Semielliptic 0.785*(G1) 2 GEOM1 = Height
8 Basket-handle 0.786*(G1) 2 GEOM1 = Height
9 Semi-circular 1.27*(G1) 2 GEOM1 = Height
10 Modified basket- G2(Gl + (1/8)G2) GEOM1 = Side Height
handle GEOM2 = Width
11 Rectangular, G2(Gl - G3/2) GEOM1 = Height
triangular bottom GEOMZ2 = Width
GEOM3 = Invert height
12 Rectangular, © = 2*ARSIN GEOM1l = Side height
round bottom *(G2/(2G3)) GEOM2 width

Area = Gl*G2

+ (G3)**2/2
*(0 - SIN(O))

GEOM3

Invert radius

*Refer to Figure 4-34 for definition of dimensions, Gl,

155

G2, and G3.



of an egg-shaped conduit of 3-foot depth is 0.5105 x 9 = 4.59 square
feet. It is concluded that the conduit should be type 3 with

GEOM1 = 3 feet.

Because of limits on the size of the computer program, it will usually
not be possible to model every conduit in the drainage basin. Con-
sequently, aggregation of individual conduits into longer ones will
usually be the rule. Average slopes and sizes may be used provided
that the flow capacity of the aggregate conduit is not significantly
less than that of any portion of the real system. This is to avoid
simulated surcharge conditions that would not occur in reality. 1In
general, conduits should not be over 3,000 to 4,000 feet long in order
to maintain reasonable routing accuracy. Conduit lengths should always
be separated by manholes (or other non-conduit type elements). The
conduit length should be measured from the center of the adjacent man-

holes.

Values of Manning's roughness may be known by engineers rawiliar with
the sewer system. Otherwise, they may be estimated from tables in

many engineering references (Refs. 9 and 12), as a function of the con-
struction material and sewer condition. The value may be adjusted to
account for losses not considered in the routing procedure (e.g., head
losses in manholes or other structures, roots, obstructions). However,
the flow routing is relatively insensitive to small changes in Manning's

n.
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Deseription of Non-Conduits

The sewer system consists of many different structures, each with its
own hydraulic properties. Elements 16 through 22 are designed to
simulate such structures. Data requirements for these elements were

given in Table 4-4. Brief descriptions of these elements follow.

Manholes. No data are required for manholes except their numbers and
upstream element numbers. Note that the number of upstream elements
is limited to three. If more than three branches of the system should
joint at a point, two manholes could be placed in series, allowing a

total of five branches to joint at that point.

Lift Stations. The data requirements for 1lift stations were given in

Table 4-4. It is assumed that the force main will remain full when the
pump is not operating, resulting in no time delay in the flow routing

(i.e., no time is required to fill the force main when the pump starts).

Type 18 and Type 21 Flow Dividers. The routing procedure through these

elements is explained in the discussion of subroutine ROUTE. Typical
uses are given below.

1. Simple Diversion Structure.

A type 18 flow divider may be used to model a diversion
structure in which none of the flow is diverted until it
reaches a specified value (GEOMl). When the inflow is above
this value, the non-diverted flow (QO0l) remains constant at

its capacity, GEOM1l, and the surplus flow (Q02) is diverted.
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2. Cunnette Section.

A type 21 flow divider may be used to model a downstream
cunnette section. The cunnette section is considered as a
separate circular conduit to be placed parallel to the primary
conduit as shown in Figure 4-36. In order to model the
cunnette as a semi-circle, the separate circular conduit is
given a diameter (GEOM1) so that its area will be twice that

of the actual total cunnette flow area. (The distance, slope,
and roughness will be the same as for the primary conduit).

A type 21 flow divider is then the upstream element common to
both conduits, as shown in Figure 4-36a. The program assigns

a value of GEOMl of the flow divider equal to half the full flow
capacity of the circular pipe simulating the cunnette so that
it has the hydraulic characteristics of a semi-circle). Any
flow higher than GEOM1 will be diverted to the primary conduit.
Note that the parameter GEOM3 of the flow divider will be the
element number assigned to the cunnette section. Note further
that the element downstream from the two parallel conduits must

list them both as upstream elements.

Type 20 Flow Divider. This element is used to model a weir-type

diversion structure in which a linear relationship can adequately
relate the flow rate and the depth of flow at the weir. Input para-
meters were defined in Table 4-4. The operation of the element is ex-

plained in the discussion of subroutine ROUTE.
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b. SPLIT OF CONDUIT INTO PRIMARY CONDUIT AND CUNNETTE

Figure 4-36. CUNNETTE SECTION
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The weir constant, incorporated into the variable ROUGH, can be varied
to account for the type of weir. Typical values of the weir constant

are 3.3 for a broad crested weir and 4.1 for a side weir (Ref. 13).

Type 19 - Storage Unit. This element may be placed anywhere in the

sewer system where appreciable storage may exist, such as at an over-
flow or diversion structure. The required data inputs and a description
of the routing procedure are described elsewhere in this manual. It
should be noted that the storage area or "reservoir" now consists of a
portion of the sewer system itself, and area-depth relationships must

be worked out accordingly.

Backwater Element. This element may be used to model backwater

conditions in a series of conduits due to a flow control structure
downstream. The situation is modeled as follows:

1. A storage element (type 19) is placed at the location of the
control structure. The type of storage element will depend
upon the structure (i.e., weir, orifice, or combination of
weir and orifice). One inflow to this storage element is then
from the conduit just upstream.

2. If the water surface is extended horizontally upstream from
the flow control structuré at the time of maximum depth at the
structure, it will intersect the invert slope of the sewer at
a point corresponding to the assumed maximum length of back-
water. The reach between this point and the structure may
encompass several conduit lengths. A backwater element, type
22, is placed at this point of maximum backwater, in place of a

manhole, for instance.
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3.

The backwater element then diverts flow directly into the
storage element depending upon the volume of water (and hence,
the length of backwater) in the storage element. If the back-
water extends all the way to the backwater element, the total
flow is diverted to the storage element; none is diverted to
the conduits.

The amount of diverted flow (QO0l) is assumed directly pro-
portional to the length of the backwater. The storage area in
reality consists of the conduits. Since most conduits can

be assumed to have a constant width, on the average, the back-
water length is assumed proportional to the square root of the
current storage volume, obtained from the storage routine.

The parameter GEOM3 of the backwater element must contain the
element number of the downstream storage unit.

Parameters for the storage element are read in as usual.

Note that the depth-area values will correspond to the storage
area of the upstream conduits. Note also that the storage unit
must list the backwater element as one of its upstream elements,
as well as the conduit immediately upstream.

At each time-step, the backwater element computes the ratio

of current to maximum storage volume in the downstream storage

element. Call this ratio r.

Then Q01

QI r**0.5

and Q02

QI-Q01
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where Q01 Flow directly into storage unit
Q02 = Flow into intermediate conduits

Inflow to backwater element.

o1

Step 3 - Input Data and Computational Controls. The basic input data,

hydrographs and pollutographs are generated outside of the Transport
Model. However, certain operational controls are available within

Transport.

Choice of Time-Step

The size of the time-step, DT, may be chosen to coincide with the spacing
of the ordinates of the inflow hydrographs and pollutographs. However,

it should not be greater than five minutes.

Choice of Number of Time-steps

The total number of time-steps should not be less than the number used

in the Runoff Block nor greater than 150.

Choice of Number of Iterations

The purpose of iterations in the computations is to reduce flow oscilla-
tions in the output. The flatter pipe slopes (less than 0.001 ft/ft)

require iterations of the flow routing portion of the Transport Model to
help dampen these oscillations. four iterations have proven to be suf-

ficient in most cases.
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Internal Storage Model

Use of the internal storage routine involves 5 basic steps.

Step 1 - Call. The internal storage routine is called by subroutine

TRANS when element type 19 is specified. No more than two locations

may be specified in a single run.

Step 2 - Storage Description: Part 1. Describe the storage unit mode

(in-line); construction (natural, manmade and covered, manmade and

uncovered) ; and type of outlet device (orifice, weir, or pumped).

Step 3 - Output. Select output and computational options according to

the following:
1. Flow routing by plug flow or complete mixing.
2. Complete printout or supressed.

3. Costs estimated or costs supressed.

Step 4 - Storage Description: Part 2. Describe the basin flood depth

and geometry. Describe design parameters of outlet control. Describe

initial conditions in basin.

Step 5 - Unit Costs. Specify unit costs to be used if cost output is

desired.

The sequence of cards and choices (Steps 2-5) are repeated for each

storage basin location.
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Infiltration Model

Effective use of the Infiltration Model requires estimates of its

component flows, namely:

DINFIL Dry weather infiltration

RINFIL = Wef weather infiltration

SINFIL = Melting residual ice and snow

GINFIL Groundwater infiltration.

Step 1 - Determine Groundwater Condition. If the groundwater table is

predominently above the sewer invert, all infiltration is attributed to
this source. 1In this case an estimate of the total infiltration is made
directly (in cfs for the total drainage basin) and read in on a data
carxrd. This card followed by two blank cards would complete the infil-
tration data input. If the groundwater table is not predominently above

the sewer invert, proceed to Step 2.

Step 2 - Build Up Infiltration from Base Estimates. From measurements,

historical data, or judgment, provide estimates of DINFIL and RINFIL.

In this case GINFIL must be set equal to 0.0. Next, provide the control
parameters: the day the storm occurs (a number from 1 to 365 starting
with July 15 as day 1), the peak residual moisture (see Example 2
below), and the éverage pipe length (in feet). Finally, read in the

12 monthly degree-day totals taken from Appendix A or a local source.
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Dry Weather Flow Model

Use of the Dry Weather Flow model involves 3 basic steps.

Step 1 - Establishing Subareas. Establishment of subareas constitutes

the initial step in applying subroutine FILTH. Both detail of input
data and assumptions made in developing FILTH impose constraints on the
type, size, and number of subareas. However, most important in subarea
establishment is the type of estimating data available. An upper limit
of 200 acres per subarea is assumed in the following discussion. This
is a somewhat arbitrary limit based in part on previous verification

results from FILTH.

Subareas should be located and sized to utilize existing sewer flow
measurements taken within the drainage basin. These measurements

should be recent and of sufficient duration to provide a current average
sewage flow value for the period of time during which simulation is to
proceed. Daily and hourly flow variation should be compared to assumed
values as described earlier in the text. A gaging site with less than
200 acres contributing flow provides a very convenient data input situa-
tion. A subarea should be established upstream from the gage with

average sewage flow tabulated as SEWAGE for that subarea.

If metered water use is to be used to estimate sewage flow, subareas
should be located to coincide with meter reading zones or other zones
used by the water department that simplify data takeoff. Since water

use would be used to estimate sewage flow, average winter readings should

be used to minimize the effects of lawn sprinkling and other summer uses.
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I1f neither gaging nor metered water use are input, sewage estimates must
be made. Subareas should then be established to yield appropriate input
data for the residential estimating equations in FILTH. Zero sewage
flow is assumed from commercial, industrial, and parkland subareas for
which estimates or measurements of SAQPF are not given. Since KLAND

and VALUE are the significant variables in estimating subarea sewage
flow, subareas should be located and sized to include land with uniform
land use and property valuation. To utilize existing census data,

subarea boundaries should be made to coincide with census tract boundaries.

Criteria for establishing subareas are listed in the following summary:
1. Subareas in general should:
a. Be less than or equal to 200 acres in size
b. Be less than or equal to 150 in number
c. Conform to the branched pipe network.
2. Subareas should be established to employ any existing
sewer flow measurements.
3. Subareas for which metered water use is used to estimate
sewage flow should be compatible with meter reading zones.
4. Residential subareas for which estimated water use is used
to estimate sewage flow should:
a. Be uniform with respect to land use
b. Be uniform with respect to dwelling unit valuation

¢c. Coincide with census tracts.
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Step 2 - Collection of Data. Other than the establishment of measured

data described hereinbefore, the primary data source is the U.S. Bureau
of the Census for census tract information. This source provides readily
available data on population distribution, family income, and the number
and relative age of dwelling units. City records, aerial photographs,
and on-site inspection may be necessary to define land use activities,

process flows, and dwelling density variations within tracts.

Step 3 - Data Tabulation. Once subareas have been established, several

alternatives exist regarding data tabulation. An identification number
KNUM should be given to each subarea prior to data takeoff. However,
once KNUM's have been established, corresponding INPUT manhole numbers
are selected from a previously numbered schematic diagram of the trunk
sewer. This numbered schematic serves as the mechanism to coordinate
runoff, infiltration, and sewage inputs. Refer to the subroutine TRANS
discussion for additional information about the numbered schematic. If
water use estimates are necessary, land use should be determined from

city zoning maps and the previously tabulated values for KLAND.

ADWF should be tabulated as average drainage basin sewage flow. As
with ADWF, SEWAGE should be averaged from flow data for the appropriate
month, season, or year. ADWF, SAQPF, or SEWAGE may be obtained from
routine or specific gaging programs done by the city, consulting
engineers, or other agencies. SAQPF may be estimated for commercial
and industrial areas using water use coefficients. Also, SAQPF and

WATER may be determined for all land use categories from water meter records.
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Table 4-6.

TRANSPORT BLOCK CARD DATA

Card Card Variable Default
Group Format Columns Description Name Value
1 1615 S Number of sewer cross-sectional shapes, NKLASS 0
in addition to the 12 program-supplied
for which element routing parameters
are to follow (maximum value = 3).
10 Control parameter for printing out KPRINT 4]
routing parameters for all shapes, i.e.,
KPRINT = 0 to suppress printing,
KPRINT = 1 to allow printing.
DELETE CARD GROUPS 2 TO 10 IF NKLASS = 0.
2 Name of user-supplied shapes. NAME
2004 1-16 l6-letter name of shape 1. NAME (I,13) none
17-32 16~letter name of shape 2. NAME (I,14) none
33-48 }6-letter name of shape 3. NAME (I,15) none
3 Nunber of values of DNORM to be NN
supplied (maximum value = 51,
minimum value = 2).
16I5 4-5 Number of values for shape 1. NN(13) none
9-10 Number of values for shape 2. NN (14) none
14-15 Number of values for shape 3. NN (15) none
4 Number of values of ANORM or QNORM M1
to be read (maximum value = 51,
minimum value = 2).
1615 4-5 Number of values for shape 1. MM (13) none
9-10 Number of values for shape 2. MM(14) none
14-15 Number of values for shape 3. MM(15) none
5 value of A/Af* corresponding to the ALFMAX
maximum Q/Qf** value for each shape.
8F10.5 1-10 I\/l\f value for shape 1. ALFMAX (13) none
11-20 A/Af value for shape 2. ALFMAX (14) none
21-30 A/Af value for shape 3. ALFMAX (15) none

*A/A_ is the cross-sectional flow area divided by the cross-sectional flow area of the pipe

running full.

**Q/Qf is the flow rate of the flow divided by the flow rate of the conduit flowing full.
NOTE: All non-decimal numbers must be right-justified.
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Table 4-6. (continued)

Card Card Variable Default
Gxoup Format Columns Description Name Value
6 Maximum Q/Qf value for each shape. PSIMAX
8F10.5 1-10 Maximum Q/Qf value for shape 1. PSIMAX (13) none
11-20 Maximum Q/Qf value for shape 2. PSIMAX (14) none
21-30 Maximumn Q/Qf value for shape 3. PSIMAX (15) none
7 Factor used to determine full flow area AFACT

for each shape, i.e., for use in equation

AFULL = AFACT(GEOMl)z.

8F10.5 1-10 Factor for shape 1. AFACT(13) none
11-20 Factor for shape 2. AFACT(14) none
21-30 Factor for shape 3. AFACT(15) none
8 Factor used to determine full flow RFACT

hydraulic radius for each shape,
i.e., for use in equation,

RADH = RFACT(GEOM1) .

8F10.5 1-10 Factor for shape 1. RFACT (13) none
11-20 Factor for shape 2. RFACT(14) none
21-30 Factor for shape 3. RFACT(15) none

REPEAT CARD GROUP 9 FOR EACH ADDED SHAPE.

9 Input of tabular data (area of flow, A, DNORM
divided by area of conduit, A_, (A/A_))
for each added shape corresponding to the
equal divisions of the conduit as given
by NN on card group 3.

8F10.5 1-10 First value for A/Af for shape 1. DNORM(I,1) none
11-20 Second value for A/Af for shape 1. DNORM(I,2) none
: Last value of A/Af for shape 1. DNORM(I,NN(I)) none

(Total of NN(13)/8 + NN(14)/8 +
NN(15) /8 data cards.)

REPEAT CARD GROUP 10 FOR EACH ADDED SHAPE.

10 Input of tabular data (flow rate of flow, ONORM
Q, divided by the flow rate of the conduit
running full, @, (Q/Qf)) for each added
shape corresponéing to the equal divisions
of the conduit as given by MM on card

group 4.
8r10.5 1-10 First value of Q/Qf for shape 1. QNORM none
11-20 Second value of Q/Q, for shape 1. ONORM (1, 2) none
: Last value for Q/Qf for shape 1. ONORM(I,MM(I)) none

(rotal of MM(13)/8 + MM(14)/8 +
MM{15) /8 data cards.)
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Table 4-6. (continued)

Card Card
Group Format Columns

Variable

Description

Name

Default
Value

11 20A4

Title card containing a one-line heading
to be printed above output. A numeral 1
should be placed in card column 1 for
neat spacing print out.

TITLE

none

12

1615 3-5

8-10

14-15*

19-20

24-25

30*%*

35

40

45

Execution control data.

Total number of sewer elements (maximum
= 150).

Total number of time-steps (maximum =
150) .

Total number of non-conduits into which
there will be input hydrographs and
pollutographs (maximum = 60, minimum = 1).

Total number of non-conduit elements at
which input hydrographs and pollutographs
are to be printed out (maximum = 10,
minimom = 1),

Total number of non-conduit elements at
which routed hydrographs and pollutographs
are to be printed out (maximum = 10,
minimum = 1).

Total number of non-conduit elements at
which flow is to be transferred to the
Receiving Water Model by tape (maximum =
S, minimum = 1) ,***

Control parameter for program-generated
error messages concerning irregularities
occurring in the execution of the flow
routing scheme, i.e.,

NPRINT = 0 to suppress messages,
NPRINT = 1 to print messages from ROUTE,

NPRINT = 2 to print messages from ROUTE
and TRANS.

Total number of pollutants being routed
(minimum =1, maximum = 4).

Total number of iterations to be used in
routing routine (4 recommended).

NE

NDT

NINPUT

NNYN

NNPE

NOUTS

NPRINT

NPOLL

NITER

none

none

none

none

none

none

13

8Fl10.5 1-10
11-20

21-30

Execution control data.

Size of time-step for computations (sec).

Allowable error for convergence of
iterative methods in routing routine
(0.0001 recommended).

Total number of days (dry weather days)
prior to simulation during which solids
were not flushed from the sewers.

T
EPSIL

DWDAYS

none
0.0001

none

*Must be the same as in the RUNOFF Block (NSAVE).
**These are the only points that can be plotted by subroutine GRAPH after being routed by

TRANSPORT.

**+A maximun of 37 may be transferrcd to Subroutine GRAPH.
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Table 4-6. (continued)

Card Card Variable Default
Group Format Columns Description Name value
14 Execution control data.
1615 5 Control parameter specifying means to be  NCNTRL 0
used in transferring inlet hydrographs,
i.e.,
NCNTRL = 1, normal transfer by tape or
disk,
NCNTRL = 0, special transfer requiring
additional input specifications.
10 Control parameter in estimating ground- NINFIL 0
water infiltration inflows, i.e.,
NINFIL = 1, infiltration to be estimated
(subroutine INFIL called),
NINFIL = 0, infiltration not estimated
{INFIL not called and corres-
ponding data omitted).
15 Control parameter in estimating sanitary  NFILTH 0
sewage inflows, i.e.,
NFILTH = 1, sewage inflows to be estimated
(subroutine FILTH called),
NFILTH = 0, sewage inflows not estimated
(FILTH not called and corres-
ponding data omitted).
20 Control parameter concerning printed out- JPRINT [
put, i.e.,
JPRINT = 1, flows and concentrations
printed out in tabular form,
JPRINT = 0, flows and concentration not
printed or plotted.
REPEAT CARD GROUP 15 FOR EACH NUMBERED
SEWER ELEMENT
15 Sewer element data.
514 1-4 External element number. No element NOE none
may be labeled with a number greater
than 1000, and it must be a positive
numeral (maximum value = 1000).
External number(s) of upstream element(s).
Up to thrce are allowed. A zero denotes
no upstream element (maximum value =
1000).
5-8 First of three possible upstreanm NUE (1) none
elements.
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Table 4-6. (continued)

Card Card Variable Default
Group Format Columns Description Name Value
9-12 Second of three possible upstream NUE (2) none
elements.
13-16 Third of three possible elements. NUE (3) none
17-20 Classification of element type. Obtain NTYPE 16
value from Table 4-3.
THE FOLLOWING VARIABLES ARE DEFINED BELOW
FOR CONDUITS ONLY. REFER TO TABLE 4~4
FOR REQUIRED INPUT FOR NON-CONDUITS.
7F8.3 21-28 Element length for conduit (ft). DIST none
29-36 First characteristic dimension of GEOM1 0.0
conduit (ft). See Figure 4~34 and
Table 4-5 for definition.
37-44 Invert slope of conduit (ft/100 ft). SLOPE 0.1.
45-52 Manning's roughness of conduit. ROUGH 0.013
53-60 Second characteristic dimension of GEOM2 none
conduit (ft). See Figure 4-34 and
Table 4-5 for definition. (Not required
for some conduit shapes.)
61-68 Number of barrels for this element. BARREL 1.0
The barrels are assumed to be identical
in shape and flow characteristics.
69-76 Third characteristic dimension of GEOM3 none

conduit (ft). See Figure 4-34 and
Table 4-5 for definition. (Not required
for some conduit shapes.)

ARRR AR A AR AR N AR R Sk Ak b hhhd &
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CARDS 16 THROUGH 26 ARE DATA INPUT FOR ***##kdakkkdhdadddhhinks

INTERNAL STORAGE. (NTYPE = 19). OMIT
THESE DATA CARDS IF INTERNAL STORAGE 1S
NOT DESIRED.

REPEAT STORAGE MODEL DATA FOR EACH
STORAGE ELEMENT (MAXIMUM = 2).

Storage unit data card.

Storage mode parameter. ISTMOD
= 1 In-line storage.

Storage type parameter. ISTTYP
=) Irregular (natural) reservoir.
= 3 Geometric (regular) uncovered
reservoir.

Storage outlet control parameter. ISTOUT
= 1 Gravity with orifice center line
at zero storayge tank depth.
= 2 Gravity with fixed weir.
= 6 Existing fixed-rate pumps.
= 9 Gravity with both weir and orifice.

none

none

none

*Must be set equal to one since other storage mode parameters are not programmed.
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Table 4-6. (continued)

Card
Group Format

Card

Columns

Variable
Description Name

bDefault
Value

17

3110

1-10

11-20

21-30

Computation/print control card.

Pollutant parameter. IPOL
= 0 No pollutants (hydraulics only).
= 1 Perfect plug flow through basin.
= 2 Perfect mixing in basin.

Print control parameter. IPRINT
= 0 No print each time-step.
= 1 Print each time-step in storage.

Cost computation parameter. ICOST
= 0 No cost computations.
= 1 Costs to be computed.

none

none

- none

18

F10.2

1-10

Reservoir flood depth data card.

Maximum (flooding) reservoir depth (ft). DEPMAX

none

19

Fl0.2
F10.0

Fl10.2
Fl10.0

1-10
11-20

61-70
71-80

INCLUDE EITHER CARD GROUP 19 OR 20, NOT
BOTH.

INCLUDE CARD GROUP 19 ONLY IF ISTTYP ON
CARD 16 HAS THE VALUE 1.

Reservoir depth-area data card (4(Flo0.2,
F10.0)).
A reservoir water depth (ft). ADEPTH (1)

Reservoir surface area corresponding to  AASURF(2)
above depth (sq ft). .

A reservoir water depth (£t). ADEPTH (4)
Reservoir surface area corresponding to  AASURF(4)
above depth (sg ft).

(NOTE: The above pair of variables is
repeatcd 11 times, 4 pairs per card.)

none

none

none

20

2F10.0

F10.5

1-10
11-20
21-30

INCLUDE CARD 20 ONLY IF ISTTYP ON CARD 16
HAS THE VALUE 3.

Reservoir dimensions data card.

Reservoir base area (sq ft) BASEA
Reservoir base circumference (ft) BASEC

Cotan of sideslope (horizontal/vertical). COTSLO

none

none

none
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Table 4-6. (continued)

Card card Variable Default
Group Format Columns Description Name Value
INCLUDE ONLY ONE OF THE OUTLET DATA CARDS
21, 22, 23, or 24.
INCLUDE CARD 21 ONLY IF ISTOUT ON CARD 16
HAS THE VALUE 1.
21 Orifice outlet data card.
F10.3 1-10 Orifice outlet area x discharge CDAOUT none
coefficient (sq ft).
INCLUDE CARD 22 ONLY IF 1ISTOUT ON CARD
16 HAS THE VALUE 2.
22 Weir outlet data card.
2F10.3 1-10 Weir height (ft) above depth = 0. WEIRHT none
11-20 Weir length (ft). WEIRL none
INCLUDE CARD 23 ONLY IF ISTOUT ON CARD
16 HAS THE VALUE 6.
23 Pump outlet data card.
3F10.3 1-10 Outflow pumping rate (cfs). QPUMP none
11-20 Depth (ft) at pump startup. DSTART none
21-30 Depth (ft) at pump shutdown (DSTOP DSTOP one
> 0.0) .+ non
INCLUDE CARD 24 ONLY IF ISTOUT HAS THE
VALUE 9.
24 Weir and orifice'outlet data card.
8F10.5 1-10 Weir height above depth = 0 (ft). WEIRHT none
11-20 Weir length (ft). WEIRL none
21-30 -Orifice outlet area x discharge CDAOUT none
coefficient {(sq ft).
31-40 Orifice centerline elevation above zero ORIFHT none
depth (ft).
25 Initial conditions data card.
2F10.2 1-10 Storage (cf) at time zero. STORO none
11-20 outflow rate (cfs) at time zero. QOUTO none

*DSTOP nu§t equal or be greater than the level in storage that contains enough volume to handle
the pumping rate, QPUMP, for one time-step.
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Table 4-6. (continued)

Card Card Variable Default
Group Format Columns Description Name Value

CARD 26 MUST BE INCLUDED: IT MAY BE BLANK
IF ICOST ON CARD 17 HAS THE VALUE O.

26 Cost data card.
F10.2 1-10 $/cy for storage excavation. CPCUYD none
2F10.0 11-20 $/acre for storage land. CPACRE none
21-30 $/pump station with related structures. CPS none

AAKRA KRR KRR F Rk Ak kxR Rk RAXvx4x%% END OF INTERNAL STORAGE DATA CARDS. gkkkkkrkhkkkdhkhkhrkkkkihhk

TO BE READ FROM TAPE (unformatted) IF
NCNTRL = 1.

Ax Description of following inlet hydro- TITLE (I) none
graphs. (160 character string)

B¥ Control variable.
Total number of time-steps in RUNOFF. NDUMI none
Total number of inlet hydrographs. NINPUT none
Total number of pollutants. NPOLL none
Time-step length (sec) in RUNOFF. NDUM2 none
Clock time for beginning of rain (sec). TZEROC none
c* Non-conduit element numbers into which NORDER(I) none

hydrographs and pollutographs (trans-
ferred from the Runoff Model) enter the
sewer system. These must be in the order
in which hydrograph and pollutograph
ordinates appear at each time-step.

277** List of external non-conduit element JIN
numbers at which outflows are to be
transferred to Receiving Water Model
(minimum number of elements specified
= 1, maximum number = 5).

1615 1-5 First element number.*#** JN (1) none
6-10 Second element number,*** JIN(2) none
. Last element number.*** JIN (NOUTS) none
28 List of external non-conduit element NYN

numbers at which input hydrographs
and pollutographs are to be storcd
and printed out (minimum nwher of
elements specified = 1, maximua number

=-10).
1615 1-5 First input Jocation number. NYN (1) none
6-10 ' Second input location number. NYN (2) none
. Last input Jocation nurber. NYN (NNYN) none

*Information that is transferrod from RUNOFI* Block, data cards are not required.
**Only these elunent numbers can be plotted by subroutine Grariu. ‘
***Element numbers transferred to the Receiving Water Block must be numbered less than 100,
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Table 4-6. (continued)

Card Card Variable Default
Group Format Columns Description Name Value
29 List of external non-conduit element NPE
numbers at which output hydrographs
and pollutographs are to be stored and
printed out (minimum number of elements
specified = 1, maximum number = 10}.
1615 1-5 First output location number. NPE (1) none
6-10 Second output location number. NPE (2) none
. Last output location number NPE (NNPE) none
IF SUBROUTINE INFIL IS TO BE CALLED
(NINFIL = 1), INSERT CARDS 30 THROUGH
32, OTHERWISE OMIT.
30 Estimated infiltration.
10F8.1 1-8 Base dry weather infiltration (gpm). DINFIL 0.0
9-16 Groundwater infiltration (gpm). GINFIL 0.0
17-24 Rainwater infiltration (gpm). RINFIL 0.0
31 Control parameters.
15 3-5 Day of estimate. NDYUD* none
6F8.1 6-13 Peak residual moisture (gpm). RSMAX 0.0
14-2) Average joint distance (ft). ULEN 6.0
32 Monthly degree-days. NDD
1615 1-5 July degree-days. NDD (1) none
6710 August degree-days. NDD(2) none
56-60 June degree-days. NDD(12) none
IF SUBROUTINE FILTH IS TO BE CALLED
(NFILTH = 1), INSERT CARD GROUPS 33
TO 44, OTHERWISE OMIT.
33 Factors to correct yearly average
sewage flows to daily averages by
accounting for daily variations through-
out a typical week.
7F10.0 1-10 Flow correction for Sunday. DVDWF (1) 1.0
11:20 Flow correction for Monday. DVDWF (2) 1.0
61-70 Flow correction for Saturday. DVDWF (7) 1.0

*Day one is July 15.
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Table 4-6. (continued)

Card Card Variable Default
Group Format Columns Description Name Value
34 Factors to correct BOU yearly averages
to daily averages.
7¥10.0 1-10 BOD correction for Sunday. DVBOD(1) 1.0
61-70 BOD correction for Saturday. DVBOD (7) 1.0
35 Factors for correction of yearly SS
averages to daily averages.
7F10.0 1-10 SS correction for Sunday. DVSS (1) 1.0
61-70 SS correction for Saturday. DVsSs(7) 1.0
36 Factors to correct daily average
sewage flow to hourly averages by
accounting for hourly variations
throughout a typical day (3 cards needed).
8F10.0 1-10 Midnight to 1 a.m. factor (first card). HVDWF (1} 1.0
1-10 8 a.m. to 9 a.m. factor (second card). HVDVWF (9) 1.0
1-10 4 p.m. to 5 p.m. factor (third card). HVDWF (17) 1.0
37 Factors for BOD hourly corrections
{3 cards needed).
8r10.0 1-10 Midnight to 1 a.m. factor (first card). HVBOD(1) 1.0
71-80 11 a.m. to midnight factor (third card). HVBOD(24) 1.0
38 Factors for SS hourly corrections
(3 cards needed).
8r10.0 1-10 Midnight to 1 a.m. factor (first card). HVSS(l) 1.0
71-80 11 a.m. to midnight factor (third card). HVSS(24) 1.0
INCLUDE ONLY WHEN 3 POLLUTANTS ARE
SPECIFIED,
39 Factors for E. coli hourly corrections
(3 cards needed).
8F10.0 1-10 Midnight to 1 a.m. factor (first card). HVCOLI (1) 1.0
71-80 11 a.m. to midnight factor (third card). HVCOLI (24) 1.0
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Table 4-6. (continued)

Card

Card Variable Default
Group Format Columns Description Name Value
40 Study area data.
615 1-5 Total number of subareas within a given KTNUM none
study area in which sewage flow and
quality are to be estimated.
6~10 Indicator as to whether study area data, KASE 1
such as treatment plant records, are to
be used to estimate sewage quality, i.e.,
KASE = 1, yes,
KASE = 2, no.
11-15 Total number of process flows within NPF 0
the study area for which data are
included in one of the-following card
groups.
16-20 Number indicating the day of the week KDAY 0
during which simulation begins (Sunday
= 1),
21-25 Number indicating the hour of the day KHOUR 0
during which simulation begins (1 a.m.
= 1),
26-30 Number indicating the minute of the hour  KMINS 0
during which simulation begins.
2F5.1 31-35 Consumer Price Index. CPI 109.5
36-40 Composite Construction Cost Index. ccex 103.0
Fl10.3 41-50 Total population in all areas POPULA none
(thousands) .
IF KASE = 1, INCLUDE CARD GROUPS 41, 42 AND 43.
41 Average study area data.
3rl10.0 1-10* Total study area average sewage flow, ADWF 0.0
i.e., from treatment plant records(cfs).
11-20 Total study area average BOD (mg/L). ABOD none
21-30 Total study area average SS (mg/L). ASUSO none
E10.2 31-40 Total coliformg (MPN/100 ml). ACOCI none
42 Categorized study area data,
8F8.0 1-8 Total study area from which ABOD and TOTA none
ASUSO were taken {(acres).
9-16 Total contributing industrial area TINA none
(acres).
17-24 Total contributing commercial area TCA none

(acres).

*If ADWF = 0.0, then total BOD, SS, and COLI will = 0.0.
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Table 4-6. (continued)

Card Card Variable Default
Group Format Columns Description Name Value
25-32 Total contributing high income (above TRHA none

$15,000) residential area (acres).

33-40 Total contributing average income (above TRAA none
$7,000 but below $15,000) residential
area (acres).

41-48 Total contributing low income (below TRLA none
$7,000) residential area (acres).

49-56 Total area from the above three resi- TRGGA none
dential areas that contribute additional
waste from garbage grinders (acres).

57-64 Total park and open area within the study TPOA none
area {(acres).

IF PROCESS FLOW DATA ARE AVAILABLE (NPF
NOT EQUAL 0 AND KASE = 1), REPEAT CARD
GROUP 43 FOR EACH PROCESS FLOW.

43 Process flow characteristics.
I5 1-5 External manhole number into which flow INPUT none

is assumed to enter (maximum value =
150, minimum value = 1),

6F10.3 6-15 Average daily process flow entering the QPF none
study area system (cfs).

16-25 Average daily BOD of process flow (mg/L)}. BODPF none

26-35 Average daily SS of process flow (mg/L). SUSPF none

REPEAT CRRD GROUP 44 FOR EACH OF THE
KTNUM SUBAREAS.

44 Subarea data.
213 1-3 ‘Subarea number. KNUM none
4-6 External number of the manhole into INPUT none

which flow is assumed to enter for
subarea KNUM (maximum value = 150,
minimum value = 1).

311 7 Predominant land use within subarea. KLAND none
8 Parameter indicating whether or not METHOD 2
water usage within subarea KNUM is
metered.

METHOD = 1, metered water use,

METHOD = 2, incomplete or no metering.

9 Parameter indicating units in which KUNIT 0
water usage estimates (WATER) are
tabulated.

KUNIT = 0, thousand gal./mo,
KUNIT = 1, thousand cf/mo.
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Table 4-6. (continued)
Card Card Variable Default
Group Format Columns Description Name Value
13F5.1 10-14 Measured winter water use for subarea WATER none

KNUM in the units specified by KUNIT
{not required).

15-19 Cost of the last thousand gal. of water PRICE none
per billing period for an average con-
sumer within subarea KNUM (cents/1,000
gal.) (not required).

20-24 Measured average sewage flow from the SEWAGE none
entire subarea KNUM (cfs) (not required).

25-29 Total area within subarea KNUM (acres) ASUB none
(maximum = 200).

30-34+ Population density within subarea KNUM POPDEN none
(population/acre) .

35-39+ Total number of dwelling units within DWLNGS 10.0/ac.
subarea KNUM.

40-44+ Number of people living in average FAMILY 3.0
dwelling unit within subarea KNUM.

45-49+ Market value of average dwelling unit VALUE 20.0
within subarea KNUM (thousands of
dollars).

50-54+ Percentage of dwelling units possessing PCGG none
garbage grinders within subarea KNUM.

55-594* Total industrial process flow originating SAQPF 0.0
within subarea KNUM (cfs).

60-64 BOD contributed from industrial process SABPF none
flow originating within subarea KNUM
(mg/L) .

65-69 SS contributed from industrial process SASPF none
flow originating within subarea KNUM
(mg/L) .

70-74 Income of average family living within XINCOM VALUE/2.5

12 75-76 MSUBT = 0, subtotals not made, MSUBT 0

MSUBT = 1, subtotal made.

END OF FILTH DATA CARDS.

*Not required if KLAND greater than 2.

[ 1] = "
If SAQPF = 0.0, then LWBOD and DWSS will be zero for Land Use 4 (i.e., for industrial flows

to be considered KIAND mugt equal 4).
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Table 4-6. (continued)

Card Card Variable Default
Group Format Columns Description Name Value

TO BE READ FROM TAPE AT EACH TIME-STEP (unformatted).

D* Time~-step number. DTIM none
Runoff at each inlet point (cfs). RNCFF (1) none
Pollutant rates for each pollutant at PLUTO(I,J) none
each inlet point (lb/min).
i.e., for each record. DTIM
RNOFF (1)
RNOFF (NINPUT)
PLUTO(1,1)

PLUTO (NINPUT, 1}

FOR GRAPHING TRANSPORT OUTPUT, CALL GRAPH
SUBROUTINE THROUGH THE EXECUTIVE BLOCK.

END OF TRANSPORT BLOCK DATA CARDS.

*Informaticn that is transferred from RUNOFF Block; data cards not required.
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EXAMPLES
Three examples of the use of the Transport Block or its subroutines are
given:
Example 1 - The complete Transport Block but with Internal
Storage and Infiltration not called.
Example 2 - Subroutine INFIL.
Example 3 - Subroutine FILTH.

Actual I/0 information are used in part to illustrate these examples.

Example 1 - Transport Block

The sewer system shown in Figure 4-37 will be used to illustrate I/O
sections of the Transport program. The system is a hypothetical one
made up of 17 conduits linked by manholes or other types of non-conduits.
All 12 program-provided conduit shapes have been utilized in the system

for purposes of illustration. The system outfall is at element 114.

Description of Sample Data. Table 4-8 shows a listing of actual data

presented to the program for execution. The data have been broken up
into four sections; a verbal description of the implications of each

section follows.

Section A

Section A lists the following example I/O specifications:
® No new conduit shapes are to be added.
® It is desired to print all flow-area relationships.
e Title card.

@ There are 32 total elements in the system.
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Table 4-8.

HYPOTHETICAL INPUT DATA

CARD GROUP
DATA NO.
0 1 |
1 HYPOTHETICAL SYSTEM TO TEST LATEST VERSION W/NEW TYPES MAY 1970 i
A 32 50 3 3 10 1 (] 2 4 l2
240. .0001 1. i3
X 0 1 1 4
~ 101 0 0 0 16 8.
102 2010 © O 16 8.
103 202 207 O 16 8.
104 203 205 217 16 8.
105 204 o0 0 21 8. 215,
106 206 0 O 18 20. 205,
107 0 0 0 16 8.
108 208 0 O 20 22. 2.0 62. 13. 4.5 217,
109 0 0 O 16 8.
110 0 0 0 16 8.
111 211 216 O 16 8.
112 212 210 O 16 8.
113213 0 0 16 8
114 214 0 O 16 8.
B J 117 215 209 0O 16 8.
200 101 0 O 1 5C. s. .6 .013 . 45
2062102 0 0 2 S0. 4, .08 .013 6.
203103 0 O 3 SO. 7.0 .09 .013 .
204 106 0 0 4 50. 8. .1 .C13 .
205106 0 0 S5 50. 4, .11 .013 .
206 107 0 O 6 50. 5.5 .10
207168 06 O 7 50. 4. .05 .013 .
208109 0 O 8 S0. 4.5 .10 .013 .
2091056 0 O © 50. 6. .12 .013 .
210 110 0 0 10 50. 4.5 .l .013 4,
211 117 0 0 11 50. 5.0 1. .013 4.5 .5
212111 0 0 12 50. 5.0 .l .013 6.0 8.
213112 ¢ 0 2 SO. 6.0 «05 .013 8.0 2.
214 113 0 0 11 S5C. 6.0 .08 .013 8.0 2. .6
215105 0 O 1 55. 2. .06 .013
216 106 0 © 1 70. 6. .01 .013
217 108 0 O 9  &0. 4. .12 .013 J
114 27
C 101 109 107 28
208 207 217 203 206 205 216 204 209 111 29
0.96 1.08 1.05 0.90 1.04 1.00 0.97 33
1. 1. l. 1. 1. 1. 1. 34
1. 1. t. le 1. 1. 1. 33
0.74 0.67 0.63 0.59 0.54 0.56 0.67 0.96
1.42 1.19 1.20 1.15 1.17 .11 1.08 1.15 36
1.21 1.23 1.25 1.21 1.17 1.15 0.98 1.07
0.85 0.71 0.60 0.61 0.46 0.49 0.72 0.87
D < 0.77 1.57 1.02 0.87 0.91 0.94 1.07 1.07 37
l.14 0.99 1.45 1.66 1.5% 1.29 0.19 1.60
1.05 1.05 1.10 0.50 0.66 1.33 1.10 0.48
1.03 0.91 0-66 0.63 0.94 0.94 1.05 1.05 38
1.16 0.94 1.33 1.22 1e44 1.10 0.83 1.05
3 2 0 [} [ [ 14,2 40
11011 0.5 25.0 0.0
21111  1500. 50.0 0.0 44
L 3104 0.61 25,0 0.0
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® Simulation will occur over 50 time-steps.

® There are three inflows to the system. All three of these inputs
are to be printed out.

® Ten outflows are to be printed out.

e Outflow for one element is to be written on tape.

e No tracing messages are toc be generated.

® Two pollutants (BOD and SS) are to be routed.

e Four iterations will be used in the routing routine.

o Time-step interval is 240 sec.

® The iteration convergence criterion is 0.0001.

® One day of dry weather occurred prior to the storm.

e Transfer between Model blocks is by either tape or disk.

e Infiltration into the sewer is not estimated.

® Combined sewer will be modeled by estimating sanitary flows.

e The output will be printed in tabular form.

Section B

This section physically describes the sewer system in terms of its
geometry and dimensions. Refer to Table 4-4 for data requirements of
each type of conduit shape. The three non-conduits that are not man-
holes are elements 105 (type 21 flow-divider), 106 (type 18 flow-divider),

and 108 (type 20 flow-divider).

Section C
These three input records specify that the outflow hydrograph and

pollutographs for element 114 will be provided on tape for subseqguent

use by other programs of the Storm Water Management Model, that input
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hydrographs and pollutographs will be printed out for elements 101, 109,
and 107, and that the ten elements for which outflow hydrographs and
pollutographs to be printed out are elements 208, 207, 217, 203, 206,

205, 216, 204,209, and 111.

It should be pointed out that input hydrographs and pollutographs for
the three elements mentioned were provided via tape by the Runoff pro-
gram and they consisted of a constant inflow rate over the time of

simulation, i.e.,

Input Hydrograph, Input Pollutograph,
Manhole Number cfs 1b/min
101 50 1
109 40 2
107 30 1

Seetion D

These data satisfy the requirements of subroutine FILTH as applied to
this particular system. Only a small amount of wastewater flow enters
the system at elements 101, 111, and 104. The description of data for

a similar system is covered elsewhere in this manual.

Notice that data for infiltration are omitted (Card Group 14 set INFIL
= 0). For purposes of simplicity in this execution, infiltration was

assumed non-existent in this hypothetical sewer system.

Description of Sample Cutput. Many options are available to the user

for output retrieval from the Transport program. In this example, only
the most illustrative ones have been selected and these are shown in

Tables 4-9 and 4-10.

198



Table 4-9. FLOU-LRTCA PARAMETERS FOR TRANZ EXAMPLE

LIST CF PARAMETERS CESCRIBING CIFFERENT SEWER ELEMENTS.

CCNDUITS

NTYPE
1

15

NCN=CCNOUETS
NTYPE KCEPTH

16
17
18
19
2¢
21
22

DESCRIPTICN
CIRCULAR SHAPED 0.5600 1.080C 0.7854 0.2500

USER SLPPLIEC

w W

UNIVERSITY GOF FLORICA TRANSPURY MULCEL

ALFMAX PSIMAX AFACT RFACT

0.9600 1.000C 0.0 0.0

KLASS OESCRIPTICN

w W W w

MANHCLE'

LIFT STATICN
FLCW CIVICER
STORAGE UNIT
FLOW CIVICER
FLOW DIVICER
BACKWATER UNIT

KDEPTH KLASS

2

2

T{NUEX

ANORM
c.0

c.020
0.040
0,060
c.080
€.100
0.120
0.140
C.160
c.180
0.200
0.220
€.240
0.260
c.2aC
C. 300
C.320
0.340
C.360
€.380
0.400
0.420
C,440
0,460
0,489
0.500
C.520
0,540
0.560
0,580
Ce60C
0.620
0.640
0.660
C.680
C.700

. 0720

Qe740
C.760
6.780
6.800
0.820
0.840
0.860
0.680
0.900
Cs920
009~0
0.960
0.980
1.000

0.0

UNURM

0.0

0.00528
0.01414
0.02553
0.03862
0.05315
0.n6817
0.08551
0.10326
0.1215%
0.14144
0.161862
0.18251
0.20410
0.22636
0.24518
0.27240
0.29614
0.32¢C€27
0.34485
0.36989
0.39531
0.42105
0.447C4
0.47329
0.49940
0.52658
0.55354
0.58064
0.60777
0.63459
0.66232
0.60499S
0.71770
0.74538
0.77215
0.79979
0.82658
0.8%32¢C
0.87954
0.90546
0.93095
0.95577
0.97976
1.00291
1.02443
1.04465
1.06135
1.08208
1.07662
1.C00C0

0.0

CNGRM
.0
0.05273
0.08574
0.24194
C.4al1581
0.15200
0.1€¢5)
0.18558
€.20759
0.23186
0.25386
b.2rn1s
G.289C0
0.30658
0.32349
0,134C17

Q.35¢¢€E

0.37298
0.38915
C.40521
0.42117
0.413704
0.45284
0.46858
0.48430
0.5CCCO
051572
0.53146
0.54723
056305
C.57092
0.59487
0.61C93
0.62710
0.064342
65991
0.67¢59
0.69350
C.710Q¢R
0.72816
0.74602
076424
Ce78297
C.80235
0.82240
0.841353
0.8¢5¢3
0.88970
0.9144%
0.941749
1.cCcco0

0.0
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Table 4-9 shows the first piece of output relating to flow-area para-
meters for the different types of conduit shapes. 1In total, 12 of these
tables are printed. Only the table for type 1 (circular conduit) is
shown here. At the end of these tables, parameters for non-conduit
types are also printed. This section of the output is constant for all
runs made. In other words, it will not change from sewer system to
sewer system, unless the user wishes to insert additional conduit shapes.
In that case, the added flow-area relationships will also appear in

this section.

Table 4-10 shows the next section of output. It consists of the external
and internal numbering system used by the program in sequencing the

sewer elements.

The most important part of the output is shown in Table 4-11, which
describes the sewer system in terms of element types, dimensions, slopes,
areas, and flow capacities. This information is strictly based upon

the data provided by the user. Careful inspection of this output will

detect any errors made during data preparation.
The output from subroutine FILTH follows and is shown in Table 4-12.

Table 4-13 contains the section of output describing the initial
conditions prior to the storm to be simulated. Notice that flow initial
conditions are simply set equal to wastewater flow (infiltration was

zero in this case).
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Table 4-12. DRY LEATHER FLOY FOR TRANS EXZMPLE

QUANTITY AND QULALITY OF D W F FCR EACH SUBAREA

AlB00 = 130C.00 LBS/DAY/CFS
AlSS = 1420400 LBS/DAY/CFS

AVERAGES
MANNKOLE CFS LBS/SEC LBS/SEC ACRES

KNUM INPUT KLAND CWF owsco ouss AREA
1 101 1 C.50 l.44 1.58 2500
2 111 1 Q.08 C.22 0.24 50.00
3 104 1 0.61 1.76 1.92 25,00

DAILY AND HOURLY CORRECTICN FACTCRS

FOR SEWAGE CATA

OAY DVDWF oveGo ovss

1 0.560 1.0CC 1.C00

2 1.080 1.000 1.000

3 1.050 1.000 1.C00

4 0.9C0 1.000 1.C00

S 1.C40 1.00C 1.000

(] 1.C00 1.0C0 1.000

7 0.570 1.000 1.0C0

HOUR

1 0.740 €.850 1.050

2 0.670 0.710 1.050

3 0.630 0.6CC 1.100

4 0.590 0.410C 0.500

E 0.540 C.460 0.660

[ 0.560 0.49C 1.330

7 0.070 0.72¢C 1.100

8 0.560 0.87¢C 0.880

9 1.420 0.770 1.030

10 1.190 1.57¢C 0.910

11 1.200 1.02¢ 0.660

12 1.150 0.87¢C 0.£30

12 1.170 0.910 0.940

14 1.110 0.940 0.940

15 1.080 1.07C 1.C50

16 1.150 1.07C 1.050

17 1.210 1.140 1.160

18 1.230 0.990 0.940

16 1.250 1.45C 1.330

2C 1.210 1.0660 1.220

21 1«170 1.35¢ 14440

22 1.150 1le290 1.100

23 0.880 0.99¢C 0.8680

24 1.070 1.6C0 1.050
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Table 4-13. INITIAL CONDITIONS FOR TRANS EXAMPLE

INITIAL BED OF SOLIDS (LBS) IN SEWER CUE TO
1.C CAYS OF DRY WEATHER PRIOR TO STCRM

ELEMENT SOLIDS IN
NUMBER BOTTOM
(LBS)

201 13.03258
202 28.4B965
2C6 Cc.0
205 C.0
208 c.0
207 0.0
203 2.22038
210 0.0
216 0.0
217 0.0
2C4 3.80130
2C9 c.0
215 4.56354
211 G.0
212 5054245
213 138.90474¢
214 29.25018

ELEMENT FLCOWS, AREAS, AND CCNCENTRATICNS ARE INITIALIZEDC TO DRY WEATHER FLOW AND INFILTRATICAN VALUES.
ELE.NO. TYPE FLOW AREA CONC1 CONC2 CONC3 CONC4 CGNCS CONCH

101 16 0.500 0.0 0.0120 0.C131
107 16 c.C 0.0 0.0 0.0
109 16 c.C 0.C c.c 0.C
110 16 C.C 0.¢ 0.0 0.C
201 1 0.500 0.506 0.0120 0.C131
102 16 0.500 0.0 0.C120 0.C131
202 2 0.5C0 0.677 C.C120 0.C131
206 [ c.C 0.C 0.0 g.C
106 18 0.C 0.C 0.0 0.C
205 5 0.0 0.0 0.C 0.C
208 8 c.C 0.0 c.0 0.C
108 20 c.C 0.0 c.0 0.C
207 4 0.C 0.C c.0 0.C
103 16 G.5C0 0.0 0.Cl20 0.0131
203 3 C.5C0 0.587 C.Cl120 0.C131
210 10 c.C 0.C 6.0 0.C
216 i 0.0 0.C 0.0 0.C
217 9 0.C 0.0 0.0 0.C
104 16 1.110 0.0 0.C120 0.C131
2064 4 1.110 0.£18 0.0120 0.Cli31
105 21 1.110 0.0 0.0120 0.C131
209 9 0.C 0.0 0.C 0.0
215 1 1.110 0.804 0.C12¢ 0,C131
117 16 1.110 0.0 c.Cl20 0.Cl31
211 il lel10 0.241 0.0120 0.C131
111 16 l1.1087 0.0 g.Cl20 ©€.Cl31
212 12 1.187 0.475 C.Cl120 0.C131
112 16 1.187 0.0 0.0120 0.C131
213 2 1.187 0.568 0.,0120 0.0131
113 16 1.187 0.0 0.0120 0.0131
214 11 1.1087 0.641 0.,C120 0.C131
114 16 1.187 0.0 0.0120 0.C131
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After the storm has passed through the system, the total pounds of
solids left deposited within the sewer elements are printed out. This

is shown in Table 4-~14.

The final section of the output relates to input and output hydro-

graphs and pollutographs which were specified by the user to be printed
out. Table 4-15 shows the three described inflows and Table 4-16 shows

the ten desired outflows.

Example 2 - Subroutine INFIL

The Pine Valley area of Baltimore, Maryland, is used in the following
example to demonstrate the application of INFIL. 1In this case, the
groundwater table was taken as being below the sewer. Historical
climatalogical and flow data are available for estimating infiltration
on April 15.
1. DINFIL
Historical flow data from the previous year indicate that
minimum average -flow was approximately 50 gpm. Since only
30 gpm can be attributed to sewage, DINFIL is taken as 20 gpm.
2. SINFIL
From a heating and air conditioning handbook (Ref. 1),
degree-days are found to be well above 750 prior to April.
Since frost and other residual moisture will contribute if
melting occurs during April 15, degree-days NDD were input
to subroutine INFIL. Based upon these data, INFIL computed
that thawing begins on March 10 (i.e., 238 days from beginning

of degree day data or MLTBE = 238 and ends on May 1 (i.e.,
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Table 4-14. FINAL CONDITIONS FOR TRANS EXAMPLE

BED OF SCOLIDS IN SEWER AT END OF STORM

ELEMENT SOLIDS IN
NUMBER BOTTOM
(LBS)
201 0.01315
202 0.01148
206 0.0C762
208 0.CC5237
208 0.01294
207 0.04432
203 0.01204
210 0.0
216 1.R6356
217 0.00791
2C4 0.Clél4
2C9 C.CC759
215 0.02499
211 0.0
212 0.016%59
213 0.£5283
214 0.038123
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MLTEN = 289) with April 15 (i.e., NDYUD = 274) occurring
during this period. From historical flow data, the maximum

incremental flow due to spring thaw appears to be nearly

65 gpm. It follows that SINFIL is:

SINFIL = RSMAX*SIN(360°/2*(NDYUD - MLTBE)/ (MLTEN - MLTBE)) (8)
= 65*SIN(127°)
= 52 gpm.

RINFIL

Total precipitation on April 15 and the previous 9 days was
1.81 inches for this example. RINFIL could then be estimated

from a regression equation based upon previous flow data.

For Pine Valley, sewer flow data not affected by spring thaw
were correlated with antecedent rainfall in the following
manner. These sanitary sewage flows were first adjusted to

remove accounted for sewage and dry weather infiltration for

each day.

RINFIL(I) = SWFLOW(I) - SMMDWF - DINFIL (9
where

SWFLOW(I) = Average sewer flow on day I.

Linear regression was then performed on the following data

yielding Eq. 10.
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) RINFIL, X1 X2 X3 X4 Xs X6 X.7 XB X9 xlO
Date gpm in,/day

June
1 28,87 0.12 0.02 0.00 0.06 0.00 0.00 0.36 0.00 0.00 0.00
2 24.64 0.00 0.12 0.02 0.00 0.06 0.00 0.00 0.36 0.00 O0.00

3 19.68 Stll 0.00 0.12 0.02 0.00 0.06 0.00 0.00 0.36 0.00

/
N
etc. etc.
dependent independent variables
RINFIL = 2.40 + 11.3X1 + 11l.6%5 + 5.5X3 + 6.4X4 + 4.8Xg

(10)
+ 3.6X_ + 1.0X; + 1.5Xg + 1.4%, + L.8X

For April 15, RINFIL was then calculated to be 10.2 gpm. There-

fore, QINFIL = 20.0 + 52.0 + 10.2 = 82.2 gpm.

Example 3 - Subroutine FILTH

A hypothetical test area, Smithville, total population 15,000, is used
as an example to demonstrate the application of subroutine FILTH.

The test area is made up of six subcatchment basins and nine land use
areas as shown in Figure 4-38. It was assumed that flow records and
water metering records were unavailable. The industrial and commercial

flows, however, were known for subareas 3, 4, and 5.

A Case 2 procedure was followed using the default values for AlBOD,
AlSS and AlColi. The areas, population density, cost of the dwellings,
percentage of houses having garbage disposal units, and the average
income of the families within each subarea are given in Table 4-17..

The start of the storm simulation is on a Monday at 1:30 p.m.
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Table 4-17.

LAND USE DATA FOR SMITHVILLE TEST AREA

Population Average Percentage Average
Area, Density Cost of of Garbage Family Yearly

Subarea acres per acre Dwellings  Disposals Income
1 10.0 10.0 $50,000 25.0% $15,000
2 10.7 50.0 10,000 10.0 7,000
3 140.1 30.0 10,000 0.0 5,000
4 60.0 50.0 10,000 10.0 7,000
5 38.1 50.0 10,000 10.0 7,000
6 50.0 10.0 50,000 25.0 15,000
7 44.1 50.0 10,000 10.0 7,000
8 73.5 0.0 N.A. N.A. N.A.
9 73.5 0.0 N.A. N.A N.A.
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The data deck for FILTH is shown in Table 4-18. The first three data
cards are the average daily variations for DWF, BOD, and SS. No daily
variation for coliforms is modeled. The following 12 cards, in groups
of threes, define the changes from daily averages to hourly flow rates
and concentrations for flow, BOD, S5, and coliforms, respectively.

The starting value of each group represents the 1 a.m. condition.
These factors are reproduced in the computer outpui as & check (shown
in Table 4-20,) The remaining card groups represent the information about
each subarea. Card group 39 is a contrcl card. It should be noted
that for subareas 3, 4, and 5, dummy subareas (31, 41, and 51) were
introduced giving a total of 12 subareas to account for the multiple

tand uses.

The output from FILTH (Tabkle 4-19} is in two parts. The first group

of values expresses the default concentrations of BOD, SS, and coliforms
along with the yearly average daily flow. The second block gives the
calculated values for each subarea taking into account the time and

the day of the week the simulation occurred. Subtotals were requestad

for each inlet manhole.
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Table 4-19. DATA OUTPUT FOR ZMITEVILLE TESZT AREXQ

DAILY AND HOURLY CORRECTION FACTORS
FNR SFWAGF DATA

DAY OVDWF DVAND DVSS ovcout
1 0.960 1.000 1.000

2 1.080 1.000 1.000

3 1.050 1,000 1.000

4 0.900 1,000 1,000

5 1.060 1.000 1,000

6 1.000 1.000 1.000

7 0.970 1.000 1.000

HOUR

1 0.740 0.850 1.C50 1.100
2 0.670 0.710 1.050 0e640
3 0.630 0.600 1.100 0,450
4 0,590 0.410 0.500 0.870
S 0.540 0,460 0.660 0.540
6 0.560 0,490 1.3%0 0.430
7 0.670 0.720 1.100 1e290
8 0.960 0.870 0.880 1.180
9 1.420 0,770 1.030 1.370
10 l.190 1,570 0.912 1.490
1l 1.700 1,020 0.660 1.300
12 1.150 0.870 04630 lel2D
13 1.170 0.910 0.940 0.890
14 1.110 0,940 0.940 0,580
15 1,080 1.070 1.05%0 0.450
16 1.150 1.070 1.050 0.670
17 1.21¢ 1,160 1.160 0.960
18 1.230 0,990 04940 1.180
19 1.250 1.450 1.330 0.840
20 1.210 1. 1460 1,220 1.010
21 1.170 1.550 1.440 2.820
22 1.150 1.290 1.100 1.770
23 0.880 0,990 0.880 0.840
24 1.070 1.600 1.050 0.710
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SECTION 5

STORAGE BLOCK

BLOCK DESCRIPTION

Broad Description of Storage
Broad Description of Treatment
Broad Description of Cost Estimation

SUBROUTINE DESCRIPTIONS

Subroutine STORAG
Subroutine TRTDAT
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Subroutine TREAT
Subroutine STRAGE
Subroutine TRCOST
Support Subroutines

INSTRUCTIONS FOR DATA PREPARATION

Programming Limitations
Storage Model
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SECTION 5

STORAGE BLOCK

BLOCK DESCRIPTION

The routing of flow through the storage-treatment package is controlled
by subroutine STORAG which is called from the Executive Block program.
STORAG coordinates the sewage quantities and qualities, the specifica-
tions of storage and treatment facilities to be modeled, and the estima-
tion of their costs. The FORTRAN program is about 3,700 lines in length,
comprising 16 subroutines. The relationships among the subroutines

which comprise the Storage Block are shown in Figure 5-1.

This section describes the subroutines used in the Storage Block, pro-
vides instructions on data preparation, and furnishes examples of

program usage.

The 6 major subroutines are described in the order in which they are
called in a typical computer run. The remaining 10 minor subroutines

are described at the end of the subsection.

Instructions are given for those subroutines requiring card input data,
namely, the coordinating subroutine STORAG, the subroutines specifying

+he treatment and storage facilities, and the cost estimation subroutine.

Examples, with sample I/0 data, are given for treatment, storage, and

cost ccmputations.
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Broad Description of Storage

With the Storage Model, holding or routing functions may be modeled in
irregular or geometric shaped storage units, and with alternative inlet
and outlet controls such as by weir, orifice, or pumping. The charac-
teristics of the storage unit are first specified in subroutine STRDAT,
and the flow of water and pollutants are then simulated each time-step
by subroutine STRAGE. With gravity outflows, routing is performed by
subroutine SROUTE. Two optional types of through-flow are suitable,

i.e., plug flow {(subroutine PLUGS) and complete mixing.

This external version of storage, as opposed to the internal version
incorporated within the Transport Model, cannot be used without including
specifications for sedimentation within the storage basin. The re-

suspension of solids settled in storage is not modeled.

Broad Description of Treatment

The quality of the storm or combined sewer overflow may be improved by
passing the sewage through a treatment package made up by the user.

The treatment package is composed by selecting treatment processes from
the options indicated in Figure 5~2, thus forming a computational

string. The characteristics of the treatment package are first specified
in subroutine TRTDAT, and the sewage flows and treatment are then
simulated each time-step by subroutine TREAT, aided by a number of

minor subroutines (see Figure 5-1) as needed.

Treatment packages not including storage may be modeled by specifying

the appropriate bypass, Option Ol.
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Broad Description of Cost Estimation

Subroutine TRCOST handles the estimation of all storage and treatment
costs after the storm simulation has been completed. Capital costs for
the supply, installation, and required land for each process included in
the string are computed, from which annual costs are derived. Storm
event costs, such as those for chemicals consumed and operation and

maintenance, are also computed.

SUBROUTINE DESCRIPTIONS

Subroutine STORAG <::>

Subroutine STORAG is the coordinating program for all water and pollutant
movements through the storage and treatment facilities modeled. The
Storage Block handles the following pollutants: BOD, suspended solids,

and total coliforms.

All interfacing with the Executive Block, and thus I/O statements
requiring off line (tape/disk) units are located in STORAG. The inflow
hydrographs and pollutographs received in this way are fed on a time-
step basis to the appropriate subroutines for processing. Any number
of runs with different storage/treatment options and the same inflow
data may be executed at the one time, but only the first has output
written on the output file. This output is written in the same format
as the Transport Model output, in order toc be equally acceptable as
input to the Receiving Water Model. STORAG also controls the input of
storage/treatment specifications (subroutine TRTDAT), the printing of
final quantity and quality outputs (subroutine SPRINT), and the estima-

tion of storage/treatment costs (subroutine TRCOST) .
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A flow chart of subroutine STORAG is shown in Figure 5-3.

Subroutine TRTDAT @

This sukroutine reads in all the data needed to specify the various
treatment processes selected, and computes from them any further

parameters needed.

Parameters specifying the treatment options required are read in first
(see Figure 5-2 for options available at various levels of treatment).
Parameters which control printout of intermediate and summarized

treatment information are then read in.

The design flow capacity for the entire treatment installation is then
determined by specification or by the inflow hydregraph. If chlorination
is specified somewhere within the treatment package, the chlorinator is

sized in this subroutine.

Last, any design criteria needed for selected treatment processes are
read in on a process-by-process basis in accordance with the specified

computational string.

An outline flow chart of subroutine TRTDAT is shown in Figure 5-4.

Subroutine STRDAT (::)

If a storage unit is to be included in the Block, this subroutine reads
in all the data needed to specify its various characteristics, and
computes from them any further paramete?s needed. A diagrammatic sketch

of a storage unit is shown in Figure 5-5.
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READ & PRINT
A} TRANSPORT MODEL OUTPUT FILE
B) STORAGE BLOCK CONTROL CARDS

Do
TIME-STEPS

ADJUST DIMENSIONS
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Y
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N0
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CALL TRCOST
(1F COSTS ARE DESIRED)
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RETURN

Figure 5-3. SUBROUTINE STORAG
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Figure 5-4. SUBROUTINE TRTDAT
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Parameters specifying alternative characteristics, such as irregular or
geometric shape, and outflow control by gravity flow through an orifice

or over a weir, or by pumping, are read in first.

The maximum permissible water depth is read in next. Subsequent inflows
are partially bypassed if they would otherwise cause the storage depth

to exceed this wvalue.

Reservoir shape parameters, or alternatively, 11 pairs of depth versus
surface area measurements, are read in next. These are followed by the
outlet characteristics, selected from: (1) orifice area times its dis-
charge coefficient, (2) weir height and length, or (3) outlet pumping

rate with pumping start and stop depths.

The program then computes arrays of 11 depths versus storages, generally
dividing the maximum depth into 10 equal increments. With a weir outlet,
however, as most change occurs in the small height just above the weir
crest, this zone is divided into 7 increments with the remaining 3

larger increments below the crest.

For gravity outflows, 11 pairs of routing parameters are computed from
the storage and the outlet control selected. For pumped outflows, the
"buffer" volume in storage between pump start and stop depths is com-
puted and compared with the volume capable of being pumped out each
time-step. Warning messages will be written if this comparison is not

favorable.
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Finally, initial storage and outflow conditions of the reservoir are
read in. An outline flow chart of subroutine STRDAT is shown in

Figure 5-6.

Subroutine TREAT (:)

This subroutine is the heart of the Treatment model. It computes the
movements and removals of water and pollutants on a process-by-process
basis, every time-step. The various process characteristics specified

earlier by subroutine TRTDAT are used.

If treatment by settling in new sedimentation tanks, or by high rate
filters, is specified, then subroutine SEDIM or HIGHRF, respectively, is
called into play. Where chlorination is specified, subroutine KILL

models the reduction in coliform counts.

When a storage unit is included in this Block, subroutine TREAT calls
upon subroutine STRAGE to model the movements within storage. In

this case sedimentation within storage is modeled at the same time.

Depending upon the print control specified in subroutine TRTDAT, this
subroutine may print out reports on intermediate progress and summaries
of removal performances. An outline flow chart of subroutine TREAT is

shown in Figure 5-7.

Subroutine STRAGE <::>

Subroutine STRAGE is the heart of the Storage model. When a storage
unit is included in the model, it computes the movements of water and
pollutants through the unit every time-step. The various basin charac-

teristics computed earlier by STRDAT are used.
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Figure 5-6. SUBROUTINE STRDAT

236



ENTER

TRITIALIZE

VARIABLES
J
Y
COMPUTE
CLOCK TIME

IF HECESSARY, BYPASS
INFLCWS TO PREVENT
FLOODING IN STORAGE

Y
COMPUTE
A) OVERFLOW FRACTION
FROM TREATMENT
B) MAX & MIN OF ARRIVAL
£ OVERFLOW QUANTITIES
AKD QUALITIES

TREATMENT

Y

BRANCH T0O
PROCESS
SEDIMENTATICH

COMPUTE
REMOVALS &

OUTFLOWS

COMPUTE
CHLORINE CONSUMPTION

Y

Figure 5-7,

1

CALL BYPASS

237

SUBROUTINE TREAT

RECOMBINE
TREATED FLOWS
HWITH OVERFLOA
AND BYPASS FLOW

Y

PRINT SOLUTICK FOR
JIME=STEP, IF REQUIRE

Y

PRINT SUMMARY, IF
TIME-STEP=LAST




The hydraulics are computed first. For pumped outflow, the rate simply
depends upon a comparison of the reservoir depth with the pump start

and stop depths. However, checks are made for the possibility of pumps
cutting in or out part way through the time-step, in which case appropriate
adjustments are made. For gravity outflow, subroutine SROUTE is called

to compute the storage and outflow rate at the end of the time-step.
Subroutine INTERP is called to find the depth corresponding to the

computed storage, by interpolation within the depth/storage arrays.

The incremental water volumes of the inflow and ocutflow plugs for all
time-steps and storage units are stored permanently in arrays for
later reference. Each time-step, the cumulative total inflow and

outflow volumes are also computed, to enable a final continuity check.

Next, the movements of the pollutants through the units are computed.
Subroutine PLUGS is called first, to compute and keep a record of which
inflow plugs comprise the outflow plugs. Then the BOD and suspended
solids in storage and in the inflow are computed, by two alternative
methods. Either perfect plug flow through the reservoir or complete

mixing must be assumed.

Last, if this intermediate printout is requested, the program prints
each time-step the inflow, storage and outflow conditions in all

reservoirs.

An outline flow chart of subroutine STRAGE is shown in Figure 5-8.
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( ENTER )
Y

COMPUTE TIME

BRANCH TQ
OUTLET
YPE

CALL COMPUTE
SROUT TIME-FRACTION PUMP 1S
ON, OUTFLOW, STORAGE
Y
(o) CALL INTERP ALL INTERP (3)
(to FIND DEPTH) T0 FIND DEPTH)
Y

COMPUTE COMPUTE
VOLUME MOVEMENTS VOLUME MOVEMENTS

Y Y

GRAVITY PUMPED

A

CALL
< PLUGS D >@
Y
- COMPUTE
BOD & SS IN STORAGE &

IN OUTFLOW PLUG, BY PLUG
FLOW OR COMPLETE MIXING

\
WRITE
RESULTS FOR
URRENT TIME-STEP
IF DESIRED

Y
( RETURN )

Figure 5-8. SUBROUTINE STRAGE
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Subroutine TRCOST (::)

Subroutine TRCOST computes and prints estimated costs for (1) the
provision of the storage and treatment facilities specitied, and
(2) the operation and maintenance of these facilities during the storm

event modeled.

The required money factors and unit costs are first read in and pro-

cessed. Default values are included for many of these (see Table 5-1).

The various costs are then computed on a process-by-process basis.

These costs are (1) the capital costs of providing the process in question
and its land requirement, (2) their equivalent annual costs together

with irreducible annual maintenance, and (3) storm event costs for
chemicals consumed, if any, and operation and maintenance. They are
printed in a summary table with totals and subtotals, together with a

statement of the total land requirement.

An outline flow chart of subroutine TRCOST is shown in Figure 5-9.

Support Subroutines

Brief descriptions follow of the support subroutines, whose relation-

ships with the major subroutines were shown in Figure 5-1.

Subroutine TRCHEK is called by subroutine TRTDAT to check the specified
treatment options for inadmissible or uneconomical combinations (see
Figure 5-10). It terminates execution or writes a warning message

as appropriate.
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Table 5-1. DEFAULT VALUES USED IN SUBROUTINE TRCOST

Item Default Value
Interest rate 7%
Amortization period 25 yr
Site factors 1.00
Unit cost land $20,000/acre
Unit cost power 2¢/kwh
Unit cost chlorine 20¢/1b
Unit cost polymers $1.25/1b
Unit cost alum 3¢/1b
Storage construction unit cost $3.00/cy

(excavation, lining, etc.)
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( ENTER )

READ & WRITE
MONEY FACTORS.,
UNIT COSTS

!

INITIALIZE ALL
COSTS TO ZERO

!

FOR EACH TREATMENT PROCESS
INCLUDED, COMPUTE

CAPITAL COSTS

ANNUAL COSTS

STORM EVENT COSTS

l

COMPUTE & PRINT
A; COST SUMMARY
B) LAND REQUIREMENT

y
( RETURN )

Figure 5-9. SUBROUTINE TRCOST
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Subroutines SROUTE and PLUGS assist subroutine STRAGE with the modeling
and tracing of water movement through the storage basin, by simulating

routing and plug flow respectively.

Subroutines BYPASS and TRLINK serve subroutine TREAT to link up
successive treatment processes within the Treatment model. Subroutine
TRLINK also collects cumulative totals of water and pollutant through-

flows at each process level.

Subroutines KILL, SEDIM, and HIGHRF assist subroutine TREAT with,
respectively, the modeling of coliform reduction by chlerination,

sedimentation, and high rate filter operation.

Subroutine INTERP serves subroutines STRDAT, STRAGE, and SEDIM with a
simple linear interpretation procedure, which may be required when data
are stored in array form. It flags error conditions when data fall

outside the range of an array.

Subroutine SPRINT will print, if desired, an extensive summary of input

and treated output hydrographs and pollutographs.

Outline flow charts of subroutines SROUTE, PLUGS, and INTERP are shown,

respectively, in Figures 5-11, 5-12 and 5-13.

INSTRUCTIONS FOR DATA PREPARATION

Instructions for data preparation for the Storage Block have been
divided along the lines of the major components for clarity of the
presentation. These components are: Storage, Treatment, and Cost. Pro-

gramming options permit the deletion of the cost and/or storage foutines:
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