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FOREWORD

This report documents the development and presents the user's manual for the
Analysis Module of this computer model. Using inlet hydrographs computed from
the Surface Runoff Program as input, this program simulates pumping station
operation and/or the various flow control devices, and checks for backwater
and surcharge of a system under excessive and extreme storm events.

Research and development in urban and rural highway storm drainage is included
in the Federally Coordinated Program of Highway Research, Development, and
Technology Project 5H "Highway Drainage and Flood Protection."” Dr. Roy E. Trent
is the Project Manager and Dr. D. C. Woo is the Contracting Officer's Technical
Representative for this study.

This report is being distributed on request only due to the specialized nature
of the contents,

Richard E. Hay, Dig ctor
0ffice of Engineering
and Highway Operations
Research and Development

Federal Highway Administration

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no Tiability for its contents or use thereof.

The contents of this report reflect the views of the Office of Research of
the Federal Highway Administration, which is responsible for the/ facts and
the accuracy of the data presented herein. The contents do not necessarily
reflect the official policy of the Department of Transportation.

This report does not constitute a standard, specification, or regulation.
The United States Government does not endorse products or manufacturers.

Trade or manufacturers' names appear herein only because they are considered
essential to the object of this document.



NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED
FROM THE BEST COPY FURNISHED US BY
THE SPONSORING AGENCY. ALTHOUGEH IT
IS RECOGNIZED THAT CERTAIN PORTIONS
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CHAPTER 1
OVERVIEW OF THE URBAN HIGHWAY STORM DRAINAGE MODEL

The Urban Highway Storm Drainage Model consists of four modules in
six computer programs, developed for the Federal Highway Administration,
U.S. Department of Transportation by the Water Resources Division of Camp
Dresser & McKee Inc. The basic purpose of this package of programs is to
provide the engineer with computational tools to assist in the analysis and
design of highway drainage systems. Due to the nature of the problem, this
model is not intended to fully automate the design process. Each module or
program can be used separately to suit the designer's purpose.

The programs of the model are organized into four related but in-
dependent modules, as follows:

e Precipitation Module

® Hydraulics/Quality Module
Surface Runoff Program
Inlet Design Program
Drainage Design Program

@ Analysis Module

@ Cost Module

The Precipitation Module can perform a variety of statistical analy-
ses on long-term hourly precipitation data and generate design storm hyeto-
graphs. The Hydraulics/Quality Module is the basic design tool in the
package. This module simulates time-varying runoff quantity and quality,
locates stormwater inlets and sizes the conduits of the major drainage sys-
tem. The Analysis Module simulates unsteady gradually-varied flow in the
drainage system and can be used to analyze complex hydraulic conditions,



such as surcharge and backwater, that may be encountered during extreme
storm events. The Cost Module can be used to estimate construction, opera-
tion and maintenance, and total annual costs associated with the drainage
system.

The interrelationships among the computer programs are illustrated
by Figure 1-1. As can be seen from this figure, there are a variety of
ways in which these programs can be used independently or in conjunction
with each other. This flexibility should allow the engineer to apply one
or more of these programs to a wide variety of common stormwater-related
problems. The major features of each of the programs are summarized in
Tables 1-1 through 1-4.

This chapter is intended only to give the reader a broad overview
of the Urban Highway Storm Drainage Model. To gain an understanding of the
potential applications, the capabilities and the 1imitations of a particular
program in the package, the engineer will need to study the appropriate
User's Manual and Documentation Report.

This report is the User's Manual and Documentation Report for the
Analysis Module. Chapter 2 of the report is an introduction to this program,
describing the general approach used in the program and how the program
fits into the drainage design process. The technical approach employed
in the program is presented in some detail in Chapter 3. Finally,
Chapter 4 is a complete user's manual for the program including input
requirements, a Fortran listing of the program, and an example problem.
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TABLE 1-1
MAJOR FEATURES OF THE PRECIPITATION MODULE

Derivation of Hyetographs of Selected Return Frequency,
Duration, and Skew

Statistical Analysis of Hourly Rainfall Records to
Generate Intensity-Duration-Frequency Curves

Frequency of Occurrence Analysis of Hourly Rainfall
Records for Peak Rainfall Intensity, Storm Duration,
and Dry Period Duration

Statistical Analysis of Hourly Rainfall Records for
Storm Skew




TABLE 1-2

MAJOR FEATURES OF HYDRAULICS/QUALITY MODULE PROGRAMS

INLET DESIGN PROGRAM (INLET)

SURFACE

Simulation of Time-Varying Runoff and Gutter/Channel Flow
Spacing of Fixed-Size Inlets in Gutters or Channels
Prespecification of Inlet Locations if Required
Simulation of’Six Basic Inlet Types

RUNOFF PROGRAM (SRO)

Simulation of Time-Varying Runoff and Gutter/Channel Flow

Simulation of Accumulation and Washoff of Suspended Solids
and Associated Pollutants

Simulation of A1l Inlet Types Considered in Inlet Design
Program

Simulation of Four Types of Gutters/Channels
Generation of Runoff Tape (Inlet Hydrographs and Pollutographs)

DRAINAGE DESIGN PROGRAM (DRAIN)

Standard Pipe Sizing
Sizing of Trapezoidal Open Channels
Routing of Pollutants Through Drainage System

Simulation of Treatment at Outfalls (Suspended Solids
Removal)




TABLE 1-3
MAJOR FEATURES OF THE ANALYSIS MODULE

Analysis of Extreme Storm Event Hydraulic Conditions
in the Major Drainage System Such as Surcharge, Back-
water, and Surface Flooding

Simulation of Unsteady Gradually-Varied Flow in the
Major Drainage System

Simulation of Channels and Pipes of Five Different
Cross-Sections

Simulation of Pumping Station Operation




TABLE 1-4
MAJOR FEATURES OF THE COST ESTIMATION MODULE

e Calculation of Capital Costs for Construction of
Major Drainage Systems

e Calculation of Operation and Maintenance Costs and
Total Annual Costs for Major Drainage Systems

o Estimation of Excavation and Backfill Volumes
Associated with Construction of Major Drainage
Systems




CHAPTER 2
INTRODUCTION TO THE ANALYSIS MODULE

BACKGROUND

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

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



GENERAL APPROACH

The highway storm drainage system consists of a surface runoff
conveyance system and a major drainage system. Figure 2-1 shows a section
of typical urban highway including the major components of the drainage
system. As can be seen in the figure, runoff from the highway surface
and the surface of the right-of-way is collected in roadside gutters and
channels. The runoff is routed to a series of inlets, located to remove
runoff so as to prevent flooding of the highway surface. The runoff so
collected is then routed through the underground conduit system, generally
to a nearby stream or other body of water.

In the design or analysis of highway drainage systems, such as
illustrated in Figure 2-1, the first basic step is the computation of sur-
face runoff from a selected storm event. Often, this computation has
consisted of no more than calculating a peak runoff flow for each drainage
area using the rational formula. The Analysis Module works in conjunction
with the Surface Runoff Program to provide a more sophisticated tool that
can compute full runoff hydrographs, route these hydrographs through the
surface drainage system, calculate inlet hydrographs, and route these in-
let flows through the major drainage system. The Analysis Module should
be used in those areas of the highway drainage system where backwater
conditions, surcharge conditions, and special flow devices such as weirs,
orifices, and pumps are deemed to be important.
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CAPABILITIES AND LIMITATIONS

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

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

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

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

e Headloss at manholes, expansions, contractions, bends, etc.,
are not explicitly accounted for. These losses must be re-
flected in the value of the Manning n specified for the
channels or conduits where the loss occurs.

11



e Changes in hydraulic head due to rapid expansions or contrac-

tions are neglected. At expansion, this assumption:generally
does not cause any problems but at contractions, an error in
the head computation:may be introduced.

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

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

Methods for dealing with these problems are discussed in Chapter 3.
The Analysis Module is presently restricted to the following:
e There can be no more than 200 channels or pipes in the system;

o There can be no more than a total of 200 junctions in the
system;

There can be no more than 20 storage elements;
There can be no more than 60 orifices;

There can be no more than 60 weirs;

There can be no more than 20 pumps;

There can be no more than 25 outfalls.

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

12



COMPUTATIONAL REQUIREMENTS

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

The core storage and peripheral equipment to operate this program
are:

1R

e High speed core: 126,000 words

44,000, words;

I

e Perpheral storage: 2 drum, disk or tape files;
e One card reader or input file device; and
e One line printer.

Execution times for ANALYSIS are roughly proportional to the number of
system conduits and the number of time-steps in the simulation period.

A summary of CDM's prior experience in running ANALYSIS on both CDC 6600
and Univac 1108 systems is presented graphically in Figure 2.2, Using
the Univac 1108 operating data in Figure I as an example, it is estimated
that the total computation time for a network of 100 pipes, using a 10-
second time-step over a 1-hour simulation period, would be approximately
300 system-seconds. Run time for the Example problem in Chapter 4 (45
pipes, 2 hour simulation , 10 second time-step) was about 77 seconds
on the DEC 20 computer. Note that the curves presented in Figure 2-2
become highly nonlinear for At < 10 seconds because of the increased
frequency of internal tape transfers and output processing.

13



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

12
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FIGURE 2-2. SUMMARY OF ANALYSIS RUN TIME
ON CDC AND UNIVAC SYSTEMS
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CHAPTER 3
TECHNICAL APPROACH

GENERAL

A conceptual overview of ANALYSIS is shown in Figure 3-1. As
shown here, the specific function of ANALYSIS is to route ﬁnlet hydro-
graphs through the network of pipes, junctions, and flow diversion struc-
tures of the main sewer system to the receiving water outfalls. ANALYSIS
must be used whenever it is important to represent severe backwater con-
ditions and special flow devices such as weirs, orifices, pumps, storage
basins, and tide gates. Normaily these conditions occur in the lower
reaches of the drainage system when pipe diameters exceed roughly 24
inches. The Surface Runoff Program and the Drainage Design Program, on
the other hand, are well suited for the simulation of overland flow,
gutter/channel flow and pipe flow in the upper regions of the system
where the kinematic assumptions of uniform flow hold.

As shown in Figure 3-1, ANALYSIS simulates the following elements:
pipes; manholes (pipe junctions); weirs; orifices; pumps; storage basins;
and outfall structures. These elements and their associated properties
are summarized in Tables 3-1 and 3-2. Output from ANALYSIS takes the
form of: 1) discharge hydrographs and velocities in selected conduits in
printed and plotted form; and 2) flow depths and water surface elevations
at selected junctions in printed and plotted form.

15
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TABLE 3-1

CLASSES OF ELEMENTS INCLUDED IN
THE ANALYSIS MODULE

Element Class Types

Conduits or Links Rectangular
Circular
Horseshoe
Baskethandle
Eggshape

Junctions or Nodes (Manholes) ———
Diversion Structures Orifices

Transverse weirs
Sideflow weirs

Pump Stations On-Tine or off-line
pump station.

Storage Basins On-line (enlarged pipes
or tunnels)

Qutfall Structures Transverse weir with tide
gate
Transverse weir without
tide gate

Sideflow weir with tide gate
Sideflow weir without tide
gate

OQutfall with tide gate

Free outfall without tide
gate

17



TABLE 3-2

PROPERTIES OF NODES AND LINKS IN

THE ANALYSIS MODULE

Properties and Constraints

NODES
Constraint

Properties computed at
each time step

Constant Properties

LINKS
Constraint

Properties computed at
each time step

Constant Properties

1Q = change in storage

Volume
Surface area
Head

Invert, crown and ground
elevations

Qin = Qout

Cross-sectional area
Hydraulic radius
Surface width
Discharge

Velocity of flow

Head loss coefficients

Pipe shape, length, slope,
roughness, invert and crown
elevations



CONCEPUTAL REPRESENTATION OF THE DRAINAGE SYSTEM

ANALYSIS uses a link-node description of the storm sewer system
which facilitiates the discrete representation of the physical prototype
and the mathematical solution of the gradually-varied unsteady flow equa-
tions which form the mathematical basis of the model.

As shown in Figure 3-2, the conduit system is idealized as a
series of links or pipes which are connected at nodes or junctions. Links
and nodes have well defined properties which, taken together, permit repre-
sentation of the entire pipe network. Moreover, the link-node concept is
very useful in representing flow control devices. The specific properties
of Tinks and nodes have been summarized in Table 3-2.

Links transmit flow from node to node. Properties associated with
the 1inks are roughness, length, cross-sectional area, hydraulic radius,
and surface width. The last three properties are functions of the instan-
taneous depth of flow. The primary dependent variable in the links is the
discharge, Q. It is assumed that Q is constant in the link, while velocity
and the cross-sectional area of flow, or depth, are variable in the link.
In the early development of the Analysis Module, a constant velocity approach
was used, but this was found later to produce highly unstable solutions.

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

19
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BASIC FLOW EQUATIONS

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

0Q - 3A 2 3A _.oH (3-1)
3t 0 CIASe H AVgp t Vg - ghy
where

Q = discharge through the conduit;

V = velocity in the conduit;

A = cross~-sectional area of the flow;

H = hydraulic head; and

Sf = friction slope.

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

k
Se = —7r QY] (3-2)
£ = a3

where k = g(n/1.49)2. Use of the absolute value sign on the velocity terms
makes Sf a directional quantity and ensures that the frictional force
always opposes the flow. Substituting in equation 3-1 and expressing the
finite difference form gives:

sA L2 PeA Ho-Hy

- k . oydA } .
Qt+At = Qt - EE7§ V] Qt+At 4 2VAt +V T At gA T At (3-3)

Solving equation 3-3 for Qt+At gives the final finite difference form of the
dynamic flow equation as:

R R 7 v -
Qant = KAt Qp + 2V 2A + ¥ At (3-4)

a3 1Vl

=

In equation 3-4, the values V, R, and A are weighted averages of the conduit
end values at time t.
21



The basic unknowns in equation 3-4 are Qt+At’ H2 and H]. The
variables V, R, and A can all be related to Q and H. We therefore require
another equation relating Q and H. This can be obtained by writing the ”
continuity equation at a node.

2Q
= __t_ (3_5)
t As
t

Qe
[l oo o

or in finite difference form

1q, At
H = H, +—t

t+at t AS

(3-6)
t

SOLUTION OF FLOW EQUATIONS BY MODIFIED EULER METHOD

Equations 3-4 and 3-6 can now be solved sequentially to determine
discharge in each 1link and head at each node over a time step At. The
numerical integration of equations 3-4 and 3-6 is accomplished by a modified
Euler method. The results are accurate and, when certain constraints are
followed, stable. Figure 3-3 shows how the process would work if only the
discharge equation were involved. The first three operations determine the
slope 3Q/5t at the "half-step". This is used in operation (4) to project
the "full-step" value of discharge. In other words, it is assumed that the
slope at time t + %;-is the mean slope during the interval. The method is
extended easily to more than one equation, although graphic representation
is then very difficult. The corresponding half-step and full-step calcula-
tions of head are shown below:

Half-step at node j: Time t+-%;

Hi(t + 55 = Hy(t) + 5 5 [0(8) + e + 50T+ m ot + 59 /as;(6) (3-7)
conduits diversions
surface runoff  pumps
outfalls

Full-step at node j: Time t + At

Hi(t + a8) = Hy(t) + 5 1 [Q(t) + Q(t + 8t)] + 5 Q¢ + at) /AS;(t) (3-8)

conduits diversions
surface runoff  pumps
outfalls
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Note that the half-step computation of head uses the half-step
computation of discharge in all connecting conduits. Similarly, the full-
step head computation requires the full-step discharge at time t + At for
all connecting pipes. In addition, the inflows to the diversions from each
node by weirs, orifices, and pumps must be computed at each half and full-
step. The total sequence of discharge computations in the 1inks and head
computations in the nodes can be summarized as:
1. Compute half-step discharge at t + %;~in all Tinks
based on preceding full-step values of head at connecting
Junctions.

2. Compute half-step flow transfers by weirs, orifices, and
pumps at time t +~%; based on preceding fyll-step values
of head at transfer junction.

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

4. Compute full-step discharge in all links at time t + At

based on half-step heads at all connecting nodes.

5. Compute full-step flow transfers between nodes at time

t + At based on current half-step heads at all weir,
orifice, and pump nodes.

6. Compute full-step head at time t + At for all nodes

based on average of preceding full-step and current
full-step discharges, plus flow transfers at the

current full-step.

NUMERICAL STABILITY
The modified Euler method yields a completely explicit solution in

which the motion equation is applied to discharge in each 1ink and the
continuity equation to head at each node entirely without implicit coupling.
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It is well known that explicit methods involve fairly simple arithmetic and
require little storage space compared to implicit methods. However, they
are generally less stable and often require very short time-steps. From a
practical standpoint, experience with the Analysis Module has indicated that
the program is stable numerically when the following inequalities are met,
for conduits and nodes, respectively:

At < L
/gD (3-9)

where L is the pipe length in feet, g is gravity (32.2 ft/secz), D is the
pipe depth and At the time-step in seconds; and
C' A_AH
t . S~ max
A B (3-10)

where C' is a dimensionless constant determined by experience to be approxi-
mately 0.10, AHmax
is the corresponding surface area of the node, and zQ is the net inflow to

is the maximum water-surface rise in time-step At, As
the junction.

Examination of inequalities 3-9 and 3-10 reveals that the maximum
allowable time, At, will be determined by the shortest, smallest pipe having
high inflows. Based on past experience with ANALYSIS, a time-step of 10
seconds is nearly always sufficiently small to produce outflow hydrographs
and state-time traces which are free from spurious oscillation and also
satisfy mass continuity under non-flooding conditions. In most applications,
15 to 30 second time-steps are adequate; occasionally time-steps up to 60
seconds can be used.

Equivalent Pipes

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

The equivalent pipe substitution used by ANALYSIS involves the
following steps. First the flow equation for the element in question is set
equal to the flow equation for an "equivalent pipe". This in effect says
that the head losses in the element and its equivalent pipe are the same.
The length of the equivalent pipe is computed using the numerical stability
equation 3-9. Then, after making any additional assumptions which may be
required about the equivalent pipe's dimensions, a Manning's n is computed
based on the equal head loss requirement. In the case of orifices, this
conversion occurs internally in ANALYSIS, but in those cases where short
pipes and weirs are found to cause instabilities, the user must make the
necessary conversion and revise the input data set. The user's guide found
in Chapter 4 of this report outlines the steps needed to make these conver-

sions.

SPECIAL PIPE FLOW CONSIDERATIONS

The solution technique discussed in the preceding paragraphs can-
not be applied without modification to every conduit for the following
reasons. First, the invert elevations of pipes which join at a node may be
different since sewers are built frequently with invert discontinuities.
Second, critical depth may occur in the conduit and thereby restrict the
discharge. Third, normal depth may control. Finally, the pipe may be dry.
In all of these cases, or combinations thereof, the flow must be computed
by special techniques. Figure 3-4 shows each of the possibilities and
describes the way in which surface area is assigned to the nodes. The
options are:

1. Normal case. Flow computed from motion equation. Half
of surface area assigned to each node.

2. Critical depth downstream. Use lesser of critical or
normal depth downstream. Assign all surface area to
upstream node.
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3. Critical depth upstream. Use critical depth. Assign
all surface area to downstream node.
4. Flow computed exceeds normal flow at a supercritical depth.
Set flow to normal value. Assign surface area in usual
manner as in (1).
5. Dry pipe. Set flow to zero. If any surface area exists,
assign to downstream node.
Once these depth and surface area corrections are applied, the computations
of head and discharge can proceed in the normal way for the current time-
step. Note that any of these special situations may begin and end at var-
ious times and places during simulation. ANALYSIS detects these automati-
cally.

HEAD COMPUTATION DURING SURCHARGE AND FLOODING
Another hydraulic situation which requires special treatment is the
occurrence of surcharge and flooding. Surcharge occurs when all pipes

entering a node are full or when the water surface at the node lies between
the crown of the highest entering pipe and the ground surface.
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Flooding is a special case of surcharge which takes place when
the hydraulic grade line breaks the ground surface and water is lost from
the storm sewer node to the overlying surface system. While it would be
possible to track the water lost to flooding by surface routing, this is not
done in the present version of ANALYSIS.

During surcharge, the head calculation in equations 3-7 and 3-8 is
no longer possible because the surface area of the surcharged node is zero.
Thus, the continuity equation for node j at time t is

zQ (t) =0 (3-11)

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

Since the flow and continuity are not solved simultaneously in
the model, the flows computed in the Tinks connected to node j will not
éatisfy equation 3-11. However, computing 3Q  for each link connected

aHj
to node j, a head adjustment can be computed such that the continuity equa-
tion is satisfied. Rewriting equation 3-11 in terms of the adjusted head
gives:

zo(e) + S 4 () = 0 (3-12)
J
which can be solved for AHj as
- 3Q(t)
AHj(t) = -32Q(t)/z aHj (3-13)

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

At
(

t+ %) = Hy(t) + kah,(t + Aty (3-14)

29



where AHj(t + %}) is given by equation 3-13, while the full-step head is
computed as:

Hy(t +at) = Hy(t + 55) + k oy (t) (3-15)

where AHj(t) is described by equation 3-13. The value of the constant k
theoretically should be 1.0. However, it has been found that equations
3-14 and 3-15 tend to overcorrect the head; therefore, a value of 0.5

is used for k which gives much better results.

Conduits

For conduits connected to a node being surcharged,3Q/3H is
computed as follows:

3Q(t) _ 32.2 A(t) _
Mo TK(E A (T (3-16)
where 2
32.2n .
K(t) = -at S=5gegd/3 VB s
At = time interval;
A(t) = flow cross sectional area in the conduit;
L = conduit length;
n = Manning n;
R = hydraulic radjus for the full conduit and
v(t) = velocity in the conduit.

System Inflows

For system inflows during surcharge, 3Q/dH is computed as follows:

o(t) .
gﬁ}(.— =0 (3-17)
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Orifice, Weir, Pump, or Outfall Diversions

Orifices are converted to equivalent pipes by the program (see
below); therefore, equation 3-16 is used to compute 3Q/3H. For weirs, 2Q /5H
in the weir Tink is taken as zero, i.e., the effect of the flow changes over the
weir due to a change in head is ignored in adjusting the head at surcharged weir
junctions. (The weir flow, of course, is computed in the next time-step on the
basis of the adjusted head.) As a result, the solution may go unstable under
surcharge conditions. If this occurs, the weir should be changed to an
equivalent pipe as described in Chapter 4, under Card Group 11.

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

junction is surcharged.

For an outfall pipe, the head adjustment at the outfall is treated
as any other junction. Outfall weir junctions are treated the same as
internal weir junctions (5Q/8H for the weir link is taken as zero). Thus,
unstable solutions can occur at these junctions also under surcharge condi-
tions. Converting these weirs to equivalent pipes will eliminate the
stability problem.

Because the head adjustments computed in equations 3-14 and 3-15
are approximations, the computed head has a tendency to '"bounce" up and
down when the conduit first surcharges. This bouncing can cause the solu-
tion to go unstable in some cases, therefore, a transition function is used
to smooth the changeover from head computation by equations 3-7 and 3-8 to
equations 3-14 and 3-15. The transition function used is:

_
o (1) = SUEN (3-18)
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where
DEMON 1is given by

oevon = ZHEL (s () - BHEL ey (- 18U = D)y (3.0)
J J J
and
AS = the nodal surface area at 0.96 full depth;
Dj = pipe diameter; and
yj = water depth.

The exponential junction causes equation 3-19 to converge within 2 percent
of equation 3-13 by the time the water depth is 1.25 times the full flow
depth.

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

FLOW CONTROL DEVICES

The Tink-node computations can be extended to include devices which
divert a portion of the storm flow out of the main drainage system. In
the Analysis Module, all diversions are assumed to take place at a node and
are handled as internodal transfers. The special flow regulation devices
treated by ANALYSIS include: storage devices; orifices; weirs (both sideflow
and transverse); pumps; and outfalls. Each of these is discussed in the
paragraphs below.

Storage Devices

Storage devices ‘in-line or off-line act as flow control devices by
providing for storage of excessive upstream flows thereby alternating and
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lagging the wet weather flow hydrograph from the upstream area. The concep-
tual representations of a storage junction and a regular junction are illus-
trated in Figure 3-5. Note that the only difference is that added surface
area in the amount of ASTORE is added to that of the connecting pipes.

Note also that ZCROWN(J) is set at the top of storage "tank". When the
hydraulic head at junction J exceeds ZCROWN(J), the junction goes into
surcharge.

Orifices

Orifices may be found in certain storm sewer systems. Their pur-
pose is usually to divert flow to another pipe, a pumping station or an
off-line storage tank.

Figure 3-6 show two typical diversions: 1) a dropout or sump
orifice; and 2) a side outlet orifice. ANALYSIS simulates both types of
orifice by converting the orifice to an equivalent pipe. The conversion is
made as follows. The standard orifice equation is:

Q, = C, AVZgh (3-20)

where CO is the discharge coefficient (a function of the type of opening
and the length of the orifice tube); A is the cross-sectional area of the
orifice; g is gravity; and h is the hydraulic head on the orifice. Values
of C0 and A are specified by the user. To convert the orifice to a pipe,
the program equates the orifice discharge equation and the Manning pipe
flow equation, i.e.,

L8 pp?/3 512 = ¢ pjzgh (3-21)
The orifice pipe is assumed to be nearly flat, the invert on the discharge
side being set 0.01 feet lower than the invert on the inlet side. In addi-
tion, for a sump orifice, the pipe invert is set by the program 0.96D
below the junction invert so that the orifice pipe is flowing full before
any outflow from the junction occurs in any other pipe. For side outlet
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orifices, the user specified the height of the orifice invert above the
junction floor.

If we write S as HS/L where L is the pipe length, HS will be
identically equal to h when the orifice is submerged. When it is not
submerged, h will be the height of the water surface above the orifice
centerline while HS will be the distance of the water surface above critical
depth (which will occur at the discharge end) for the pipe. For practical
purposes, we can assume that Hs = h for this case also. Thus, letting
s=h/L and substituting R = D/4 (where D is the orifice diameter) into
equation 3-21 and simplifying, we have:

1.49 p%/3
n-= /z—g—coﬁ L1/2 (3'L2)

The Tlength of the equivalent pipe is computed as the maximum of 200 feet or
L=2t/gD (3-23)

to insure that the celerity (stability) criterion for the pipe is not
violated. The Manning n is then computed according to equation 3-22. This
algorithm produces a solution to the orifice diversion that is not only as
accurate as the orifice equation but also much more stable when the orifice
junction is surcharged.

Weirs
A schematic illustration of flow transfer by weir diversion between

two nodes is shown in Figure 3-7. Flow over a weir is computed by the equa-
tion:

<

Q, = L Lh+ 3=)% - ()% (3-24)

w
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FIGURE 3-7
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where

discharge coefficient;

weir length;
driving head on the weir;
= approach velocity; and

< T O
= =
i

= weir exponent (3/2 for transverse weirs,

5/3 for sideflow weirs).
Both Cw and Lw are input values for transverse weirs. For sideflow weirs,
Cw should be a function of the approach velocity, but the present version
of the program does not provide for this because of the difficulty in
defining the approach velocity. For this same reason, V, which is programmed
into the weir solution, is set to zero prior to computing Qw.

Normally, the driving head on the weir is computed as the difference
h = Y]—YC, where Y] is the water depth on the upstream side of the weir
and Ycis the height of the weir crest above the node invert. However, if
the downstream depth Y2 also exceeds the weir crest height, the weir is
submerged and the flow is computed by equation 3-25:

3/2 -
chw(v -vc) (3-25)

Qv = Csup 1

where CSUB is a submergence coefficient representing the reduction in driving

head and all other variables are as defined above.

The submergency coefficient, CSUB’ is taken from Roessert's
Handbook of Hydraulics by interpolation from Table 3-3, where CRATIO is

defined as:
Y.~-Y

1 ¢
C = (3-26)
RATIO Y2—YC

and all other variables are as previcusly defined.

The values of CRATIO and CSUB are computed automatically by
ANALYSIS and no input data values are needed.
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TABLE 3-3
VALUES OF CSUB AS A FUNCTION OF DEGREE
OF WEIR SUBMERGENCE

CRaTI0 Cug
0.00 1.00
0.10 0.99
0.20 0.98
0.30 0.97
0.40 0.96
0.50 0.95
0.60 0.94
0.70 0.91
0.80 0.85
0.85 0.80
0.90 0.68
0.95 0.40
1.00 0.00

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

Q = Csur Lw (Ypop - Ye) v20RT (3-27)
where
YTOP = distance to top of weir opening shown in Figure 4-2;
h' = ¥y - maximum (Y, YC)
CSUR = weir surcharge coefficient

The weir surcharge coefficient, CSUR’ is computed automatically at the
beginning of surcharge. At the point where weir surcharge is detected, the
preceding weir discharge just prior to surcharge is equated to Qw in
equation 3-26 and equation 3-27 is then solved for the surcharge coefficient,
CSUR' Thus, no input coefficient for surcharged weirs are required.
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Finally, the present version of ANALYSIS detects flow reversals at
weir nodes which causes the downstream water depth, Y2, to exceed the up-
stream depth, Y], A1l equations in the weir section remain the same except
that Y] and Y2 are switched so that Yq remains as the "upstream" head.
Also, flow reversal of a sideflow weir causes it to behave more like a
transverse weir and consequently the exponent a in equation 3-24 is set to
1.5.

Weirs With Tide Gates

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

-1.15v
4 2

h! = h - 3’ e /h (3-28)

where h is the previously computed head before correction for tide gate and

v is the velocity of flow in the upstream conduit.
Pump Stations

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

Pump Rate = R] for 0 <Y < Y]

= R2 for Y] <Y < Y2
R3 for Y2 <Y

]

For Y = 0, the pump rate is the inflow rate to the pump junction.
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Inflows to the off-line pump may be diverted from the main storm

sewer system through an orifice, a weir, or a pipe with a free discharge

condition at the storage node. The pumping rule curve is based on the

volume of water in the storage junction. A schematic presentation of the

pump rule is shown in Figure 3-8. The rule operates as follows:

1.

Up to three wet-wéll volumes are prespecified as
input data for each pump station: V] < V2 < V3,
where V3 is the maximum capacity of the wet well.

Three pumping rates are prespecified as input data
for each station. The pump rate is selected auto-
matically by the Analysis Module depending on the
volume in the wet-well as follows:

R1 for the volume in wet-well < V1

R2 for V] < volume in wet-well < V2

Ry for V, < volume in wet well < V3

A mass balance of pumped outflow and inflow is
performed in the wet-well during the model simu-
lation period.

If the wet-well goes dry, the pump rate is reduced
below rate R1 until it just equals the inflow rate.
When the inflow rate again equals or exceeds R], the
pumping rate goes back to operating on the rule curve.

If V3 is exceeded in the wet-well, the inflow to the
storage node is reduced until it does not exceed the
maximum pumped flow. Then the inflow falls below the
maximum pumped flow, the inflow "gates" are opened
again. The program automatically stepé down the
pumping rate by the operating rule as inflow and
wet-well volume decrease.
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Qutfall Structures

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

When there is a tide gate on an outfall conduit, a check is made
to see whether or not the hydraulic head at the upstream end of the outfall
pipe exceeds that outside the gate. If it does not, the discharge through
the outfall is equated to zero. If the driving head is positive, the
water surface elevation at the outfall junction is set in the same manner
as that for a free outfall subjected to a backwater condition.
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CHAPTER 4
USER's MANUAL

INTRODUCTION

When a drainage system is to be analyzed with the Analysis Module,
the first step in the study is generally to define the storm sewer system
and the watershed that it drains. Care should be taken in this step to
insure that "as built" drawings are used of the system. Where information
is suspect, a field investigation is in order.

Once the sewer system and watershed have been defined, the watershed
is subdivided into subareas and runoff computed in accordance with the guide-
Tines presented in the Surface Runoff Program User's Manual and Documenta-
tion Report. Conduits may be distinguished between those that can be
simulated in the Drainage Design Program and those to be simulated in the
Analysis Module. As a general rule, at least the upstream portions of the
drainage system can be represented in the Drainage Design Program. The
dividing point for application of the two programs is the point where back-
water effects, surcharge, and/or diversion facilities affect the flow and
head computation. Pipes and channels downstream of this point should be
simulated with ANALYSIS.

Junction Points should be identified at each:

Upstream terminal point in the system;
Qutfall and discharge point;
Pump station, storage point, orifice and weir diversion;

Junction where inflow hydrographs will be input (either by
card input or from Program SRO);

Pipe junction;.

Point where pipe size/shape changes significantly;
Point where pipe slope changes significantly; and
Point where pipe inverts are significantly different.
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Following the preliminary identification of junction points, a check should
be made to eliminate extremely long or short distances between junctions.

As a rule of thumb, the longest conduit should not exceed four or five times
the length of the shortest conduit. If this occurs, short conduits can be
increased in length by use of equivalent pipes and long conduits can be
shortened by adding intermediate junction points.

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

AtC = L
v gD (4-1)
where:
Atc = time for a.surface wave to_trave1 from one end
of a conduit to the other in seconds;

L = conduit length in feet;

g = 32.2 ft/secz; and

D = channel depth or pipe diameter in feet.

The time-step can usually exceed AtC by a factor of 1.5 to 2.0 for a few
widely separated conduits. For most problems, conduit lengths can be of such
length that a 15 to 30 second time-step can be used. Occasionally a 5 to 10
second time-step is required. A time-step of 60 to 90 seconds should not be
exceeded even in large open channel systems where the celerity criteria is
not violated with a larger time-step.

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

1.49 AR 2/3S 1/2 _1.49 49 A R 2/3 (4-2)

nooPR P ng
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where:

= actual pipe;

= equivalent pipe;

Manning's roughness coefficient;
= cross-sectional area;

X » S o T
1

= hydraulic radius ; and

S = slope of the hydraulic grade line.
If we assume that the equivalent pipe will have the same cross-sectional
area and hydraulic radius as the pipe it replaces, we can say:

Sp]/z/np = 5,2, (4-3)
Now, since

S=h/, (4-4)
where:

hL = the total head Toss over the conduit length; and

L = conduit length,

and since the head Tosses are to be equal in both pipes, equation (4-2) can
be simplified to:

_ 172, 172 | i
Ny anp /Le (4-5)

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

At this point, the system schematic should be in pretty good shape

for developing model input data. The remaining sections of this chapter
describe, step-by-step, how to develop the input data file for ANALYSIS.
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INPUT REQUIREMENTS

Specifications for input data preparation are contained in Table 4-1.
The table defines input format column Tocation and variable description and
name. Table 4-2, at the end of this section, is a set of input data forms
which can be used to facilitate encoding the data for ANALYSIS. Perusal of
Table 4-1 reveals that the input data is divided into 21 card groups. Card
Groups 1-6 are control cards that identify the simulation, set the time-step
and start time, and identify junctions for card input hydrograph, and junction
and conduits for printing and plotting of heads and flows. The identification
of conduits and junctions is done in Card Groups 7 and 8, respectively. Card
Groups 9 - 12 identify storage and diversion junctions, while Groups 13 - 17
identify system outfalls and backwater conditions at the outfalls. Initial
conditions for heads and flows are defined in Card Groups 18 - 19. Card Groups
20 and 21 define card input hydrographs. Further descriptions of the data to
be entered in each card group are given below.

Card Group 1: Run Identification

Card Group 1 consists of 2 cards, each having 60 columns or less,
which typically describe the system and the particular storm being simulated.

Card Group 2: Run Control

Card Group 2 is a single card defining the number of integration
steps in the simulation period, the length of each time-step, output cortrol
data, and the number of hydrograph input points to be supplied by cards (in
addition to, or rather than, tape input generated by the Surface Runoff
Program).
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TABLE 4-1. ANALYSIS DATA REQUIREMENTS

Card Card e Variable
Group Format Columns Description Name
RUN TITLE
1 15A4 1-60 Description of computer run (2 ALPHA
cards). Will be printed on out-
put (2 Tines).
RUN CONTROL PARAMETERS
2 15,2F5.0, 1-5 Number of integration steps or NTCYC
915 time cycles desired
6-10 Length of integration step, DELT
seconds
11-15 Start time of simulation, TZERO
decimal hours
16-20 Number of junctions for detailed NHPRT
printing ef head output (20 nodes
max. )
21-25 Number of conduits for detailed NQPRT
printing of discharge output
(20 pipes max.)
26-30 Number of junctions to be plotted NPLT
(20 max.)
31-35 Number of conduit flows to be LPLT
plotted (20 max.)
36-40 First time-step to begin print NSTART
-cycle
41-45 Interval between print cycles INTER
{max. number of cycles printed is
. . NTCYC - NSTART
100, .. 50 < INTER)
46-50 Number of input junctions, if card NJISW
input hydrographs are used
51-55 Hydrograph file number from N21

Surface Runoff Program
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TABLE 4-1. ANALYSIS DATA REQUIREMENTS
(Continued)
Card Card . s Varjabtle
Group Format Columns Description Name
PRINTED HEADS
3 8110 1-10 First junction number for detailed JPRT(1)
printing
11-20 Second junction number, up to JPRT(2)
number of nodes defined by NHPRT
PRINTED FLOWS
4 8110 1-10 First conduit number for detailed CPRT(1)
printing
11-20 Second conduit number up to number CPRT(2)
of nodes defined by NQPRT.
PLOTTED HEADS
NOTE: IF NPLT = 0, SKIP THIS CARD GROUP
5 8110 1-10 First junction number for plotting JPLT(1)
11-20 Second junction number, up to JPLT(2)
number of nodes defined by NPLT
PLOTTED FLOWS
NOTE: IF LPLT = 0, SKIP THIS CARD GOUP
6 8110 1-10 First conduit number for plotting  KPLT(1)
11-20 Second conduit number for plotting, KPLT(2)
up” to number of nodes defined by
LPLT (This option is for conduit
flow rate)
CONDUIT CARDS(1 CARD/CONDUIT)
7 415, 1-5 Conduit number (none greater than  NCOND(N)
9F5.0 90000)
6-10 Junction number at one end of NJUNC(N,1)
conduit upstream
11-15 Junction number at other end of NJUNC(N,2)
conduit downstream
16-20 Type of conduit shape NKLASS(N)

oY U1/ W N =

IS T L R { I ) B PR}

circular
rectangular
horseshoe
egg
baskethandie
trapezoid
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TABLE 4-1,

ANALYS
(Con

IS DATA REQUIREMENTS
tinued)

Card Card .. Variable
Group Format Columns Description Name
7 (Continued) 21-25 Cross sectional area of conduit, AFULL(N)
sq. ft. (necessary only for
types 3, 4, and 5)
26-30 Vertical depth of conduit, ft. DEEP(N)
31-35 Maximum width of conduit, ft. WIDE(N)
Bottom width for trapezoid, ft.
36-40 Length of conduit, ft. LEN(N)
41-45 Distance of conduit invert above ZP(N,1)
junction invert at NJUNC(N,1)
46-50 Distance of conduit invert above ZP(N,2)
junction invert at NJUNC(N,2)
51-55 Mannings coefficient (includes ROUGH(N)
entrance and exit losses)
56-60 Slope of one side of trapezoid, STHETA(N)
(horizontal/vertical; O=vertical
61-65 Slope of other size of trapezoid SPHI(N)
(horizontal/vertical; O=vertical
(Last card must have 99999 in colums 1 to 5)
JUNCTION CARDS (1 CARD/JUNCTION)
8 15, 1-5 Junction number (none greater JUN(J)
3F5.0 than 90000)
6-10 Ground elevation, ft. GRELEV(J)
11-15  Invert elevation, ft. Z(J)
16-20 Net constant flow into junction, QINST(J)
cfs (optional - see text)
(Last card must have a 99999 in columns.1 to 5)
STORAGE JUNCTIONS (1 CARD/JUNCTION)
NOTE: JUNCTION MUST BE IDENTIFIED IN JUNCTION
DATA
9 15, 1-5 Junction containing storage JSTORE(1I)
2F5.0 facility
6-10 Junction crown elevation (must be  ZCROWN(J)
higher than crown of highest pipe
connected to storage facility)
11-15 Storage volume per foot of depth ASTORE(I)

(surface area), cu. ft/ft.
(Last card must have a 99999 in columns 1 to 5)
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TABLE _4-1 ANALYSIS DATA REQUIREMENTS

(Continued)
giggﬁ Format Cg?ggns Description Va§;;gle
ORIFICE CARDS (1 CARD/ORIFICE)
10 315, 1-5 Junction containing storage facility NJUNC(N,1)
3F5.0 6-10 Junction to which orifice discharges NJUNC(N,2)
11-15 Type of orifice NKLASS(N)
1 = side outlet
2 = bottom outiet
16-20 Orifice area in sq. ft. AORIF(I)
21-25 Orifice discharge coefficient CORIF(I)
25-30 Distance of orifice invert above ZP(1)

junction floor (define only for
side outlet orifices)

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

WEIR CARDS (1 CARD/WEIR)
11 315, 1-5 Junction at which weir is located .  NJUNC(N,1)

4F5.0 6-10  Junction to which weir discharges  NJUNC(N,2)
NOTE: To designate outfall weir,
set NJUNC(N,2) equal to zero
11-15 Type of weir KWEIR(TI)
1 = transverse
2 = transverse with tide gates
3 = side flow
4 = side flow with tide gates
16-20 Height of weir crest above invert,  YCREST(I)
ft.
21-25 Height to top of weir opening above YTOP(I)
invert (surcharge level) ft.
26-30 Weir Tength, ft. WLEN(I)
31-35 Coefficient of discharge for weir COEF(I)
(Last card must have a 99999 in columns 1 to 5)
PUMP CARDS (1 CARD/PUMP)
NOTE: ONLY ONE PIPE CAN BE CONNECTED TO
A PUMP NODE
12 315, 1-5 Junction being pumped NJUNC(N,1)
7F5.0 6-10 Pump discharge goes to this junction NJUNC(N,2)
11-15 Type of pump IPTYP(I)
~ 1 = off-Tine pump with wet well :
-2 = on-line 1ift pump
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TABLE "4-1. ANALYSIS DATA REQUIREMENTS

(Continued)
Card Card s Variable
Group Format Columns Description Name
12 (Continued) 16-20 Initial wet well volume, cu. ft. VWELL(T)
(enter 0 for type 2 pump)
21-25 Lower pumping rate, cfs. PRATE(I,1)
26-30 Mid-pumping rate, cfs. PRATE(1,2)
31-35 High pumping rate, cfs. PRATE(I,3)
36-40 Wet well volume (or junction depth) VRATE(I,1)
for mid rate pumps to start, cu. ft.
(or ft.)
41-45 Wet well volume (or junction depth) VRATE(I,2)
for high rate pumps to start,
cu. ft. {or ft.)
46-50 Total wet well capacity, cu. ft. YRATE(I,3)

(enter 0 for type 2 pump)

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

OUTFALL PIPES W/0 TIDE GATES
(1 CARD OUTFALL)

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

13 15 1-5 Junction for free outfall JFREE(I)
(Last card must have 99999 in columns 1 to 5)
OUTFALL PIPES WITH TIDE GATES (1 CARD OQUTFALL)
NOTE: ONLY ONE CONNECTING CONDUIT IS PERMITTED
TO OUTFALL NODE.
14 15 1-5 Junction at which gate is located JGATE(1)
(Last card must have 99999 in columns 1 to 5)
1 CARD FOR TIDAL CONTROL
15 15, 1-5 Tide index: NTIDE
8F5.0 1 = no water surface at outfalls
2 = outfall control water surface
at constant elevation, Al
3 = tide coefficients provided
4 = program will compute tide
coefficients
6-10 First tide coefficient Al
NOTE: COLUMNS 11-45 NOT REQUIRED UNLESS NTIDE = 3
11-15 Second tide coefficient A2
16-20 Third tide coefficient A3
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TABLE 4-1. ANALYSIS DATA REQUIREMENTS
{Continued)
Card Card s s Variable
Group Format Columns Description Name
15 (Continued) 21-25 Fourth tide coefficient Ad
26-30 Fifth tide coefficient A5
31-35 Sixth tide coefficient A6
36-40 Seventh tide coefficient A7
41-45 Tidal period in hours W
REQUIRED IF NTIDE = 4
16 315 1-5 If one, there are four information KO
points. program will develop the
coefficients
6~10 Number of information points (4 if NI
KO above above equals 1)
11-15 If one, will print information on NCHTID
tide coefficient development
REQUIRED IF NTIDE = 4
17 8F10.0 1-10 Time, first information points TT(1)
11-20 Tidal stage, at time above YY(1)
21-30 Time, second information points TT(2)
31-40 Tidal stage, at time above, up to YY(2)
number of points as defined by NI.
18 8F10.0 1-10 Initial dry weather flows (cfs) Q(1)
11-20 Initial dry weather velocities (fps) V/1)
21-30 NOTE: .IF ALL INITIAL FLOWS, VELOC- Q(2)
31-40 ITIES AND HEADS ARE ZER(G, PUNCH v(2)
96999. IN COLS. 1-10 OF FIRST CARD
41-. FOR Q(1). NO OTHER CARDS REQUIRED
(4 conduits per card, up to NTL
conduits. Includes internal links.)
19 8F10.0 1-10 Initial dry weather junction depth  Y(1)
(ft.)
11-20 NOTE: SKIP IF A 99599. HAS BEEN Y(2)
. PUNCHED FOR Q(1) ABOVE. .
(8 junctions per card up to NJ junc. Y(NJ)

tions.

Includes internal. junctions.)
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TABLE 4-1. ANALYSIS DATA REQUIREMENTS

(Continued)
3 Card Card s Variéb]e
I Group ‘Format Columns Description Name
IF NJSW = 0, SKIP CARD GROUPS 20 AND 21
20 1615 1-5 First input node for card hydrograph JSW(1)
6-10 Second input node for card hydro- JSW(2)
graph
REQUIRED IF NJSW > 1
21 8F10.0 1-10 Clock time, in decimal hours TEO
11-20 Flow rate, cfs., first input node, QCARD(1,1)

JSW(1);
21-30 Flow rate, cfs., second. input node, QCARD(2,1)
JSW(2), up to NJSW nodes;

(Repeat group 21 cards, final time
on last group 21 card must be greater
than end time of run.)
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The time-step, DELT, is most critical to the cost and stability of
the ANALYSIS program run and must be selected carefully. The time-step
should be selected according to the guidelines described in the Introduction
to this chapter (see Equation 4-1). The computer program will check each
conduit for violation of the surface wave criteria and will print the
message:

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

where rrr is the ratio

rrr = éﬁtﬂgﬂ (4-6)
and
At = the time-step;

g gravity;

conduit height or pipe diameter; and

conduit Tength.

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

conduit or outfall).

Another constraint to be observed carefully is the length of the
total simulation period defined as the product of NTCYC and DELT. This period
must not extend in time beyond the simulation period of the Surface Runoff

Program. Otherwise, an improper attempt to read beyond the end-of-file created
by Program SRO is made and execution of ANALYSIS stops.

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

Card Groups 3 and 4: Detailed Printing for Junctions and Conduits

Card Group 3 contains the list of individual junctions (up to 20)
for which water depth and water surface elevations are to be printed con-
tinuously throughout the course of the simulation period. Card Group 4
contains the 1ist of individual conduits (up to 20) for which flows and
velocities are to be printed.

Card Groups 5 and 6: Detailed Plotting for Junctions and Conduits

Card Groups 5 and 6 contain, respectively, the lists of junctions
and conduits for which time histories of water surface elevation and flows
are to be plotted.

Card Group 7: Conduit Data

Card Group 7 contains data input specification for conduits including
shape, size, length, hydraulic roughness, connecting junctions, and invert
distances referenced from the junction invert. The input data instructions,
as presented in Table 4-1, are self-explanatory with the exception of junction/
conduit invert elevations.

Basic definitions of conduit invert distances ZP(N,1) and ZP(N,2)

are jllustrated in Figure 4-1, The junction invert elevation is specified
in Card Group 8. The distance ZP is height of the invert of connecting conduits
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above the junction floor. Note, however, that the lowest pipe connected to

the junction (pipe N in Figure 4-1) must have a ZP of zero. If it does not,
the junction will behave 1ike a mass sink in the system. Water will flow
into the junction but none will flow out.

It should be noted that the Manning n includes not only friction
loss in the conduit but also any entrance, exit,and bend Tosses that might
occur in the conduit. Also the conduit data should reflect the substitu-
tion of any equivalent pipes which have been made for stability purposes.

Card Group 8: Junction Data

The explanation of ground and invert elevations is also shown in
Figure 4-1. One junction card is required for every junction in the network
including: regular junctions; storage and diversion junctions; pump junctions;
and outfall junctions. It is emphasized again that the junction invert
elevation is defined as the invert elevation of the lowest pipe connected to
the junction. The program execution will terminate with an error message:

¥*kk ERROR **** A[| CONDIUTS CONNECTING TO JUNCTION _
LIE ABOVE THE JUNCTION INVERT

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

The surcharge level or junction crown elevation is defined as the
crown elevation of the highest connecting pipe and is computed automatically
by ANALYSIS. Note that the junction must not surcharge except when the water
surface elevation exceeds the crown of the highest pipe connected to the

junction. Pipe N+1 in Figure 4-1 is too high. This junction would go into
surcharge during the period when the water surface is between the crown of
pipe N-1 and the invert of pipe N+1. If a junction is specified as shown in
Figure 4-1 and the water surface rises above the crown of pipe N-1, the
program will print an error message:

*%%% ERROR **** SURFACE AREA AT JUNCTION IS ZERO,
CHECK FOR HIGH PIPE

and will then stop. To correct this situation, a new junction should be
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specified that connects to pipe N+1. A "dummy conduit" is specified which
connects the old junction with pipes N-1 and N to the new junction which
connects to pipe N+1. The pipe diameter should be that of N+1 and the
Tength selected to meet the stability criteria given by equation 4-6.

The Manning n for the "dummy pipe" is computed to reflect the energy loss
that occurs during surcharge as water moves up through the manhole and into
pipe N+1.

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

QINST(J) is the net constant flow entering (positive) or leaving
(negative) the junction. This variable need be supplied only in those very
rare instances when a source of some constant flow, during both dry-weather
and wet-weather conditions, is present.

Card Group 9: Storage Junctions

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

Card Group 10: Orifice Cards

The Analysis Module simulates orifices as equivalent pipes (see
Chapter 3). Data entry is straightforward. For sump orifices, the program
automatically sets the invert of the orifice one diameter below the junction
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invert so that the orifice is flowing full before there is any discharge to
conduits downstream of the junction containing the orifice.

Card Group 11: Weir Cards

The definition sketch for weirs is illustrated in Figure 4-2. The
following types of weirs can be simulated:

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

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

Transverse weir and sideflow weirs are distinguishéd in ANALYSIS by the value
of the exponent to which the head on the weir is taken. For transverse weirs,
head is taken to the 3/2 power (i.e., QW~H3/2) while for sideflow weirs the
exponent is 5/3 (i.e., QW~H5/3).

When the water depth at the weir junction exceeds YTOP (see Figure
4-2) the weir functions as an orifice (QW~H]/2). The discharge coefficient
for the orifice flow condition is computed internally in ANALYSIS (see
Chapter 3).

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

L8 pg?/351/2 < ¢ /2 (4-7)
where:

n = Manning n for the pipe;

A = Cross-sectional area;

=
i

Hydraulic radius;
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S = hydraulic grade line for the pipe;
H = head across the weir;

CW = weir discharge coefficient; and

W = weir length.

In this equation, S = H/L where L is the pipe length, and A = WH. If R is
set at the value of the hydraulic radius where the head is half way between
YCREST and YTOP, and L is set in accordance with Equation 4-6, then n can be
computed as:

n = 72 (4-8)
for the equivalent pipe.
Card Group 12: Pump Cards

Pumps may be of two types:

1. An off-1ine pump station with a wet well; the rate of
pumping depends upon the volume (Tevel) of water in
the wet well.

2. An on-line 1ift station that pumps according to the
Tevel of the water surface at the junction being
pumped.

The definition sketch in Figure 4-3 defines the input variable for Type 1
pump.

For a Type 2 pump station, the following operating rule is used:

Y < VRATE(I,1) Q_ = Junction inflow or
P~ PRATE(I,1), whichever
is Tess
VRATE(I,L) <Y S_VRATE(I,Z) Qp = PRATE(I,2)
VRATE(I,2) < Y Q_ = PRATE(I,3)

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

well.
62



Note also that only one conduit may be connected to a pumped junction.

Card Group 13: Free Qutfall Pipes

Three types of outfalls can be simulated in the Analysis Module:

1. A weir outfall with or without a flap (tide) gate
(See Card Group 11);

2. A conduit outfall without a flap gate (Card Group 13); or

3. A conduit outfall with a flap (tide) gate (Card Group 14).
Under Card Group 13, enter the outfall junction number for outfall conduits
without flap gates.

Card Group 14: OQOutfall Pipes With Flap Gates

Enter the outfall junction number for conduits with flap gates.

Card Groups 15, 16, and 17: Tidal Backwater Control Cards

Card groups 15, 16, and 17 describe the single tidal backwater
condition which is applied at all outfalls in the drainage system. The
tidal index, NTIDE, is specified according to whether there is: (1) no
water surface at any outfall; (2) a water surface at constant elevation;
(3) a tide whose period and amplitude are described by user supplied tide
coefficients; or (4) a tide which will be computed by ANALYSIS based on a
specified number of stage-time points describing a single tidal cycle.

Card Groups 18 and 19: Initial Flows, Velocities, and Heads

It is sometimes desired to initialize the drainage network with
starting values of flow, velocity, and water surface elevation which can re-
present antecedent flow conditions just prior to the storm to be simulated.
Card Groups 18 and 19 are designed for the purpose of supplying these initial
conditions throughout the drainage system at the beginning of the simulation.
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Card Group 18 contains discharge for each conduit in the same order as it is
specified in Card Group 8. Note that initial discharge must be specified

for all real conduits plus all internal links. (There is one internal link
for each orifice, weir, pump, and outfall in the system. In a complex net-
work, the total number of real plus internal conduits is best determined from
the conduit connectivity summary in a trial vun with ANALYSIS.) As an example,
in a system of 25 real conduits, 28 Jjunctions, 2 orifices, 3 weirs, and 1 free
outfall, we have a total of 31 links. The specification of initial discharges
in Card Group 18 requires a total of 8 cards with 4 conduits on each. For the
case where all flows and heads are zero at the start of the simulation, enter
99999. 1in columns 5 thru 10 of Card Group 18.

Similarly, initial depths of flow (not elevations) are keypunched
according to the instruction in Card Group 19. Again the initial heads are
supplied for all real and internal junctions. The latter are specified
automatically by the Analysis Module for each weir in the system. Thus in
the example above, we would have a total of 31 junctions and the initial
dry-weather heads would bepunched on four cards in the order the junctions
appear in Card Group 9.

Card Groups 20 and 21: Hydrograph Input Cards

ANALYSIS provides for input of up to 20 inflow hydrographs by cards
in cases where it is desivrable to run ANALYSIS alone without prior use of
the Surface Runoff Program or to add additional input hydrographs to those
computed by the Surface Runoff Program. The specification of individual
junctions receiving hydrograph input by cards is given in Card Group 20. Note
that multiple hydrographs coming into a given junction can be indicated by
repeating the junction number in Group 21 for each inflow hydrograph. The
order of hydrograph time discharge points in Card Group 21 now must correspond
exactly with the order specified by Card Group 20. The time, TEQ, of each
discharge point is given in decimal clock hours; i.e., 10:45 a.m. is
punched as 10.75. The last card in Group 21 must have a time, TEQ, in
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decimal hours beyond the length of the simulation period in order to terminate
hydrograph input. This is the final card in the input data for ANALYSIS. An
example of input data is contained later in this chapter.

65



TABLE 4-2
DATA INPUT FORM
ANALYSIS

A set of input data forms which can be used to facilitate encoding
the data for analysis are presented on pages 67 to 82, The input data is
divided into 21 card groups:

Card Groups 1 to 6 are control cards.

Card Groups 7 to 17 are identification cards for conduits, junctions,

storage, diversions junctions, system outfalls and backwater

conditions at the outfalls.

Card Groups 18 and 19 define initial conditions for heads and flows.

Card Groups 20 and 21 define input hydrographs.
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TIPS FOR TROUBLE-~SHOOTING

In the preceding section of this user's manual, we described in
detail the individual data input elements for the Analysis Module. We
believe that careful study of the data input instructions, together with
the exampie problem presented later in this chapter will go a long way 1in
answering the usual questions of "how to get started" in using a computer-
ized stormwater model as intricate as this one.

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

Most difficulties in using the Analysis Module arise from three
sources: (1) improper selection of time step and incorrect specification
of the total simulation period; (2) incorrect print and plot control
variables; and (3) improper system connectivity in the model. These and
other problem areas are discussed below.

Numerical stability constraints in the Analysis Module require
that DELT, the time step, be no longer than the time it takes flow to travel
the Tength of the shortest conduit in the transport system. A 10-second
time step is recommended for most wet-weather runs. The numerical stability
criteria for the explicit finite-difference scheme used by the model are
discussed earlier in this chapter.

Numerical instability in ANALYSIS 1is signaled by the occurrence of
the following hydraulic indicators:
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Oscillations in flow and water surface elevation which are un-
dampened in time are sure signs of numerical instability.
Certain combinations of pipe and weir structures may cause
temporary resonance, but this is normally short-lived. The
unstable pipe usually is short relative to other adjacent
pipes and may be subject to backwater created by a downstream
weir. The correction is a shorter time step, a longer pipe
length or combination of both. Neither of these should be
applied until a careful check of system connections on all
sides of the unstable pipe has been made as suggested below.

A second indicator of numerical instability is a node which
continues to "dry up" on each time step despite a constant or
increasing inflow from upstream sources. The cause usually

is too large a time step and excessive discharges in adjacent
downstream pipe elements which pull the upstream water surface
down. The problem is related to items (1) and (3) and may
usually be corrected by a smaller time step.

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

The simulation period is defined by the product NTCYC x DELT or the

number of integration cycles times the length of each cycle.

If this product

exceeds the simulation period of Surface Runoff Program input tape an illegal

end-of-file is encountered and execution stops. NTCYC must then be reduced

to correspond with the Surface Runoff Program simulation period.
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The length of all conduits in the transport system should be roughly
constant and no less than 100 feet. This constraint may be difficult to meet
in the vicinity of weirs and abrupt changes in pipe configurations which must
be represented in the modei. However, the Tength of the shortest conduit
does directly determine the maximum fime step and the number of pipe elements,
both of which in turn control the cost of simulation. The use of longer
pipes shouid be facilitaled through use of equivalent sections and slopes in
cases wheve significant changss must be represented in the model.

In ANALYSIS, pvinted output can be requested for a maximum of 20
nodes and conduits. In addition, the number of printed points for a given
node ov conduit is automaticaliy set at 100 regardless of the length of simu-
Tation. This reguires that the print freguency control variable INTER is
defined strictly by the criterion:

NTCYC - NSTART
THTER < 100

wheve all variables are as detined in this chapter. If, for example, NTCYC =
1600 and NSTART = 9 and the user selects INTER = 10, then the ratio (NTCYC -
NSTART) = INTER = 159. Because the 100-vaiue printing arrays would then be
filled with 159 values, an overiiow situation would occur thereby producing
output which is badly scrambled at best and unusable at worst. Therefore,

it is worthwhiie to took closely ai INTER prior to any major transport run.

Pricr to a lengthy run of the Analysis Module for a new system, a

£

short test vun of perhans five {ntegration cycles should be made tc confirm

that the Virnk-node mode? is oroporiy connected and correctiy represents the
prototype. This check should be made of the echo printed data showing
respectively the connecting nodes for each pipe and the connecting conduits

for each node. The geomebric-hydvaulic data for each pipe and junction should
also be confirmed. Pavticular attentior should be paid to the nodail location

of weirs, orifices, and asutfails to ensure these conform to the prototype

system. In addition. the total number of conduits and junctions, including
internal links and nodes created, can be determined from the Internal Connectivity
Table. This informetion is necessary for proper specification of initial heads

and flows at Lime zevo in the simulation.
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The introduction of a ZP invert elevation difference for all pipes
connecting a single junction will cause the junction invert elevation to be in-
correctiy specified. This in turn will create errors in hydraulic computa-
tion later in the simulation. The Jjunction invert must be at the same ele-
vation as the invert of the lowest pipe either entering or leaving the
junction or it is improperiy defined. This problem is readily corrected by
checking the punched conduit data cards to determine where a non-zero ZP
should be set to zero.

PROGRAM DESCRIPTION
General

The Analysis Module is a set of computer subroutines which are organiz-
ed to simulate the unsteady, gradually-varied movement of stormwater in a sewer
network composed of conduits, pipe junctions, diversion structures, and free
outfalls. A program flowchart for the major computation steps in the Analysis
Module is presented in Figure 4-4.

The Analysis Module contains 12 subroutines in addition to the main
program which controls execution. The organization of each subroutine and
its relation to the main program has been diagrammed in the master flowchart
of Fiqure 4-5, A description of each subroutine follows in the paragraphs
below.

Program MATN

MAIN is the main program of the Analysis Module which drives all
other subprograms and effectively controls the execution of ANALYSIS as it
has been presented graphically in the flowchart of Fiqure 4-4. Principal
steps in MAIN are outlined below in the order of their execution:

1. {all INDATA for veading all input data cards defining
the Tength of the simulation run, the physical data for
the storm sewer system, and the instruction for output
processing.

2. Initialize system flow properties and set time = TZERO.
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I!'t’All
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Advance time = t+At and begin main computation loop con-
tained in steps 4 through 9 below.

Select current value of inflow hydrographs for all
input nodes by call to INFLOW, which interpolates run-
off hydrograph records either on tape unit N21 supplied
by the Surface Runoff Program or on data cards.

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

s Hydraulic head at each pipe end;

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

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

@ Check for normal flow if appropriate; and

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

For all physical junctions in the system compute the half-
step depth at time t=t+at/2. This depth computation is
based on the current net inflows to each node and the nodal
surface areas computed previously in step 5. Check for sur-
charge and flooding at each node and compute water depth
accordingly.
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7. For all physical conduits, compute the following properties
based on the last half-step values of depth and flow (repeat
step 5 for time t+at/2:

® Hydraulic head at each pipe end;

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

e Full-step discharge at time t+At by modified Euler solution;
® Check for normal flow if appropriate; and

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

8. For all junctions, repeat the nodal head computation.of step
6 for time t+at.

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

10. Return to step 3 and repeat through step 9 until the simula-
tion is complete for the entire period.

11. Call subroutine OUTPUT for printing and plotting of conduit
flows and junction water surface elevations.

A computer listing of MAIN follows.
Subroutine BOUND

The function of subroutine BOUND is to compute the half-step and
full-step flow transfers by orifices, weirs, and pump stations. BOUND also
computes the current level of receiving water backwater and determines dis-

charge through system outfalls. The computer listing of this subroutine is
given below. A summary of principal calculations follows:
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HAIN,

00001
00002
00003
- 00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00034
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00047
00030
00051
00052
00053
00054
00035
00036

NTRNS2 FORTRAN V.5A(621) /KI/C 23-JAN-B1 152

L B2 B ar B - B o |

Lo ]

CICI MM

c

THIS IS THE MAIN PROGRAM OF THE SEWER MODEL
IT DRIVES ALL SUBPROGRAMS AND PERFORMS THE
MODIFIED EULER SOLUTION OF THE MOTION

AND CONTINUITY EQUATIONS

COMNON /BD/ANORM(2615) yHRNORM(2695) s TUNORN(2693)

COMHON/HYFLOW/ ISW(187),TAPE(18752)sJSW(65)QCARD(65:2) s
1 WATSH(187)sTED» TPy T2+ TEsT20, TIHEDsNSTEPSsNINREC

COMMON/FILES/ NSsN6»N21sN229NPOLL
CONNON/CONTR/ NTCYC,BELTQ»DELT,DELT2, TZERDsALPHA(30)s
1 NJoNCsNTCoNTLs ICYCoNJSHsHISHs TIKE 1 TINE2,AL1A2/A31 A4 AT 1A61A7
COHMON/JUNC/Y(187)sYT(187) sNCHAN(1878)5A5(187)+2(187) »QIN(187),
1 G0U(187) ,QINST(187)sGRELEV(187)» JUN(187)»2CROUN(187)+ JSKIP(187)
2 +5UMAL(187)5UMR(187) »SUNSC187) sASFULL(187)

COMMON/FIPE/LEN(187) sNJUNC(18752) 1 AFULL(187)5AT (1875

1 8(187),V¢187),VUT(187) yDEEP(187),A(187) yWIDE(187) ,RFULL(187) s
2 NKLASS(187)+ZP(187+2),0T(187),00(187)sH(187,2) sNCOND(187)»
J ROUGH(187)

COMMON/TRAP/STHETA(200)» SPHI(200)

COMMON/STORE/ NSTORE»JSTORE(20)»ZTOP(20)»ASTORE(20)
REAL LEN

COMHMON/TRNSFR/ NFREE»JFREE(25) yNTIDEy JTIDE(25) sNGATEs JGATE(2S)y
1 NWEIRyJWEIR(40+2) yNORIF» JORIF(80s2) sNPUNPr JPUMP (60+2)

COMMON/OUT/ NPKTs IPRTyNHPRT» JPRT(20)»PRTH(100,20) +PRGEL (20)

1 NGPRT»CPRT(20)sPRTV(100,20),PRTA{100+20),IDUNK(12) » ICOL(10) s
2 LTIHE»NPLT»JPLT(20)YPLT(102920)LPLT)RPLT(20),GPLT(102520)y
3 TRLT(102) sNPTOTNSTART INTERsPRTY(100,20)
COMMON/STATS/UMAXX(187) »BMAXX(187) s DEPKAX(187) s IVHR(187) s
2IVHIN(187)yIOHR(187), IAMIN(187) IDHR{(187) » IDKIN(187),SURLEN(187) 4
JSUMBINSVLEFT

INTEGER CPRT .

DIMENSION ICHECK(187)sJCHECK(187)sIND(2)

BATA IND/1H s1HY/

EXECUTION

COUNT=0.0
NDIN=187
DO 5 N=1»NDIN
ICHECK{N)=IND(1)
DD 5 H=1+8

3 NCHANCNs¥)=0

CRRxerxex INPUT DATA

L

CALL INDATA

Corxxiikk INITIALIZATION

IEYC=0
91



MAIN,  NTRNS2 FORTRAN V.5A(621) /KI/C 23-JAN-81 15121

00057 LTINE=0
00058 NPTOT=0

00059 NERROR=0

00060 TIME=TZERD

00061 DO 901 N=1sNC

00062 UHAXX (N)=0.0

00063 OKAXX(N)=0,0

00064 TVHR(N)=0

00045 TVKIN(N)=0

00064 IGHR (D=0

00067 TOMINCN)=0

00068 901 CONTINUE

00049 SUMOIN = 0.

00070 ULEFT = 0,

00071 10 911 J=1,MJ

00072 SURLEN(J)=0,0

00073 DEFHAX(J)=0,0

00074 TDHR()=0

00075 TDKINGJ)=0

00076 B0UCd) = 0,

00077 911 CONTINUE

00078 €

00079 L %kxkk INITIALIZATION FOR DRY WEATHER FLOWS
00080 C IS NOW DONE IN INDATA (BEFORE READING INFLOW HYDROGRAPHS)
00081 €

00082 C

90083 10 20 N=1NTL

00084 AT(N=0CN)

00085 AT(N=0,

00084 IF (NJGT.NTC.OR.T(N) (EQ.0.) 60 TO 20
00087 NL=NJUNC (Ns1)

00088 NH=NJUNC (N2 2)

00089 HNL=Y (NL)ZONL)

00090 HNH=Y CNH) 42 M)

00091 CALL HEAD{NsNL»NH2 HNL s HNHs OTCND s AT (ND » UT () s HRAD s ANL» ANH, RNL 1 TZERD
00092 o)

00092 20 CONTINUE

00094 10 30 J=1/NJ

00095 YT{D=Y (D)

0009 30 CONTINUE

00097 C

00098  CRKKKXKEX MAJOR PROGRAH LOOP THROUGH TIME
00099 HP=(NTCYCH99) /100

00100 DO 740 NCY=1,NTCYCHP

00101 NPTOT=NPTOTH

00102 D0 840 KCYY=1,HP

00103 TINE=TIME+DELT

00104 TIME2=TINE-DELT2

00105 ICYC=ICYCH

00106 €

00107  CHAKXXKEX SELECT INPUT HYDROGRAPHS

00108 CALL INFLOW

00109 C

00110  CREKXXXXX STORE OLD FLOW VALUES

00111 D0 40 N=1,NTL
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MAIN.  NTRNS2 FORTRAN V.5A(621) /KI/C 23-JAN-81 132

00112 60 BO(N)=Q(N)

00113 C

00114  Cyxkkxxkx INITIALIZE CONTINUITY PARAMETERS
00115 b0 80 J=1sNJ

00116 AS(J)=0,

00117 SUMA(J)=0IN(D)

00118 SUMRS(J)=RIN(D)

00119 80 SUMAL(D)=0.

00120 C

00121  Crxxxkxkx FULL-STEP AREA» RADIUS ¢ VELOCITY
00122 Ckkxkxkkx HALF-STEF FLOW

00123 COUNT=COUNT+.5

00124 DO 120 N=1sNTC

00125 NL=NJUNC(N:+ 1}

00124 NH=NJUNC(Ns2)

00127 H(Ns1)=Y(NLFZ(ND)

00128 H{Ns2)=Y(NH) +Z(NH}

00129 CALL HEAD(NsNLsNHsH{Ns 1) sH(Ns 23 sQ(N) yAC(N) sV{N) sHRAD » ANH s ANL sRNL
00130 1TIHESICYC)

00131 DELQ4=4DELT2XV(N) XX2X (ANH~ANL ) /LEN(N)

00132 DELA3=2 XV K (AN)-ATIND)

00133 DEL@2=-(DELT2%32, 2 (H(Ny2)-H(Ny1) ) /LEN(N) YRA(N)
00134 GNEW=00(N)+DEL@2+DELQI4DELO4

00135 AKON=-DELT2X (ROUGH(N) /HRADXX1 , 33333) SABS{V(N))
00136 DELQ1=AKONXQNENW/ (1 ,~AKON)

00137 AT{N)=ONEWHDELQT

00138  Crioenikik CHECK FOR NORMAL FLOW

00139 IF(H{Ns1) 6T, ZCROWN(NL)) GO TO 101

00140 DELH=H{N:1)-H(Ns2)

90141 DELZP=ZF(Ny 1)-ZP(N: 2)

00142 IF(QT{N) LELO,) GO TO 101

00143 IF{DELH-DELZF) 100,101,101

(0144 100 QNORM=50RT (32, 20(ZF (Ns1)-IP(Ns2) )/ (LEN(N)XROUGH(N) })
00145 1 XANLXRNLEXO, 6647

00146 IF(QNORN.GT.BT(N)) GO TO 101

00147 AT{(N)=ONORM

00148  Chkxrkkkk COMPUTE CONTINUITY PARAMETERS

00149 101 DODH=1./(1,-AKON)¥32, ZXIELT24A(N) /LEN(N)

00150 SUMA(NL ) =SUMR(NL) -0, 5K(AT(N)+A0(N)) ~
00151 SUNBS (NL )=SUMRS (NL)-QT(}N)

00152 SUMAL (NL)=SUMAL (NL} +DADH

00153 SUMG(NH) =5UMB(NH) +0. SX(QT(N)G0(N))
00154 SUMGS (NH)=5UMBS (NH) AT (N)

00153 SUMAL (NH)=GUNAL (NH) +DQIH

00136 120 CONTINUE

00157 C

00158  Chisxkikx SET HALF STEF OUTFLOWS AND INTERNAL TRANSFERS
00159 CALL BOUND{YsYT)QT,TIME2,DELT2)
00160 NI=NTCH

00141 IO 130 N=N1,NTL

001462 HL=NJUNC (¥+1)

00143 SUMBCNL ) =SUMBINL) -0, SX(AT(N) +R0(N))
00164 SUMBS (NL)=SUKAS (NL)-GT (M)

00165 NH=NJUNC(N+2)

00184 IF(NH.ER.0)60 TO 130
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00167 SUNB{NH)=5UKB (NH) 40, SXCAT(N)+B0(N))

00148 SUNBS (NH}=SUMRS{NH) +QT (N}

00149 130 CONTINUE

00170 C

00171  Cxxxkkkxk HALF-STEP HEAD

00172 Do 320 J=1sMJ

00173 TF(JSKIPCJ}) 14051402300

00174 140 IF(AS(J).6T.0.0 LOR. Y(J).GE,(ZCROWN(JY-Z(J))) 6O TO 135
00175 . IF(NERROR,LE.10) WRITE(N4,2400) ICYC,JUNCD

00176 2400 FORNAT(’ kXXX WARNING ¥tk ICYC=/,I5,’ ZERO SURFACE AREA CONPUT
00177 +ED AT JUNCTION’sI16s‘ CHECK INPUT DATA FOR HIGH PIPE °)
00178 NERROR=NERROR+1

00179 YT(J)=0.0

00180 GO T0 300

00181 135 CONTINUE

00182 YCROWN=0, 956X (ZCROWN(J)-Z{J))

00183 IFCY(J)-YCROUN) 24052401260

00184 C

00185  Cxxkxxxxx COMPUTE YT FOR FREE SURFACE JUNCTIONS
00184 240 YTUN=Y{J)+5URBCHRDELT2/AS(D

00187 IFCYTOD) WLT 0.} YTC)=0,

00188  Cxxxaxk WHEN JUNCTION SURCHARGESs ‘ASFULL’ WILL BE THE LAST
00189 C VALUE OF ‘AS‘ UNDER FREE SURFACE FLOW

00190 ASFULL(J) = AS(D

00191 G0 7O 300

0012 ¢

00193 Cxexikkkk ADJUST HEAD AT SURCHARGED JUNCTIONS
00194 CuvvvessoAPPLY 1/2 OF COMPUTED CORRECTION
00195 260 DENDM=SUMAL(J)

00196 IFCYCD) W LT 2,XYCRORN) DENDM=SUMAL ¢ J)4(ASFULL () /DELT2-SUNAL (J))
00197 . XEXP(-15,%CY (J)-YCROWN) /YCROWN)

00198 YT(=Y(J) 40, 50%5UMAS (J) /DENOH

00199 IFCOYTOAZAY ) BT GRELEVI) ) YT(J)=GRELEV()-Z()

00200 IFCYT(J) LT, YCROWN) YT(J)=YCROWN-0.001

00201 €

00202  Cepvkcxkk INITIALIZE FOR FULL STEP FLOWS
00203 300 AS(D=0,

00204 SUNRCD=RIN(D)
00205 SUNBS(D)=RIN())
00206 SUNAL (D=0

00207 320 CONTINUE

00208 C WRITE(N6s321) COUNTy (YT(J) 2 J=1sND) o (QT{N) sN=1,NTC)
00209 321 FORMAT(6XsF64142X55F11,4+4F12.4)

00210 C

00211 Ceddxkkix HALF-STEP AREAs RADIUS § VELOCITY

00212 CXKRKXREX FULL-STEP FLOW

00213 COUNT=COUNT+.5

00214 DO 350 N=1sNTC

00215 NL=NJUNC(N»1)

00214 NH=NJUNC (H+2)

00217 RN 1)=YT(NLYHZINL)

00218 HINs 2)=YT(NH)HZNH)

00219 CALL HEAD(NNLsNHoH(Ns 1) sHNs2) 5 QT(N) sATCH) 5 UT(N) 1 HRADs ANH) ANL
00220 RNL» TIKE, ICYD)

00221 BELOA=$DEL TAUT (N)RE2K (ANH-ANL) /LEN(N)
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00222
00223
0022

00225
00225
Q27
10228
00229
010
00231
00232
00233
00234
00235
00234
00237
00238
00239
00240
00241
00242
00243
00244
00245
0024¢
00247
00248
0024¢
00250

NTRNSZ FORTRAN V.5A(621) /KI/C 23-JAN-B1 15021

DELO3=4 , 5UT(N)XCAT(N)-ACN) )
DELO2=- (DELTHI2, 20 (H(Ns2)-H(N+ 1) ) /LEN(N) ) RAT(N)

ONEW=Q0(N) +DELA2HIELA3+DELRA
ARON=-DELTXCROUGH(N)/HRADX X1, 33333)KARS(VT(N))

DELQ1=AKONXQGNEW/ (1,-AKON)
R{N)=BNEWHDELQYL

CXROKERRK 10 NOT ALLOW A FLOW REVERSAL IN ONE TIME STEF

BIRAT=SIGN(1.,QT(N))
[IRB=SIGNC1. »Q(N))
IFCDIRGT/DIRG.LT.0.) B(N)=0,001%DIRA

Crkxrxikx CHECK FOR NORMAL FLOW

IF(H(Ns1) .GT. ZCROWN(NL)) GO TO 341
ICHECK(N)=IND(1)

DELH=H(N» L 1-H(Ns2)
DELZF=2F(N+1)-ZP(Ny2)

TF(Q(NY,LELO.) GO TD 341
IF(DELH-DELZP) 340,341,341

340 ONORM=SORT (32, 2%(ZP(Ns1)-ZP(Ns2))/(LEN(N)XROUGH(N)))

1 XANLIRNLEX0,4667

IF (GNORK.GT.Q(N)) GO TD 341
ICHECK(N)=IND(2)

Q(N)=0NORM

Cxxkxxxxx COMPUTE CONTINUITY PARAMETERS
341 DBDH=1./(1,-AKON)X32, 2KDELTXAT(N) /LEN(N)

SUNG(NL)=5UMB(NL)~0.SX(Q(N)HRO(N))
SUMAS (NL }=SUMAS(NL)-Q(N)
SUMAL (NL)=SUNAL (NL ) +IGDH
SUMB(NH)=SLMB{NH)+0. SK(B(N) +AD(N) )
SUMAS (NR)=SUMBS (NH) +G(N)

95



MAIN.  NTRNS2 FORTRAN V.5A(621) /KI/C 23-JAN-81 15921

00251 SUMAL (NH) =SUMAL (NH)$D0DH

00252 360 CONTINUE

00253 C

00254  CXREXKEEE SET FULL STEP OUTFLOWS AND INTERMAL TRANSFERS
00235 CALL BOUNDCYTsYsQeTIMESDELT)

00236 N1=NTCH

00257 BO 370 N=N1sNTL

Q0258 Cx¥¥ikkxx DO NOT ALLOW FLOW REVERGAL IN ONE TIME STEP
00239 RIRBT=GIGN(1.,0T(N}))

00240 BIRA=SIGN(1.»Q(N))

00261 IF(DIRBY/DIRA LT, 0.) 8(N)=0.001%DIRG
00262 NL=NJUNC(Ny+1)

00263 SUBQ(NL Y=SUMA(NL -0, X (R(N) +0D(N))

00264 SUMAS (NL )=SUMAS(NL)-Q(N)

00263 NH=NJUNC(Ns2)

00266 IF(NH.EQ.0)G0 TO 370

00267 SUNR(NH)=SUHB(NH) +0, SECQIN) +00(N))

00268 SUKAS (NH)=SUMAS (NH) +(N)

00249 370 CONTINUE

00270 C

00271 Chxxkkxyy FULL-STEP HEAD

00272 D8 560 J=1sNJ

00273 IF(JSKIPCJYY 38053805560

00274 380 IF(AS(D).6T.0.0 JOR. YT(J).GE,(ZCROWN(I)-Z(JY)) GO TO 375
20275 TF(NERROR.LE,10) WRITE(NGs2400) ICYC,JUN(J)
00376 NERROR=NERROR+1

00277 Y(J}=0.0

00278 60 TO 540

00279 375 CONTINUE

00280 YCROWN=0, 962 (ZCROWNCJ)-Z(1))

00281 IFCYT(J)-YCROWN) 480,480,500

00282 ¢

00283
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00284  Cixxxxxy COXPUTE Y FOR FREE SURFACE JUNCTIONS
00285 480 Y(J)=Y(J)4SUNR(J)RDELT/AS (D)

00284 JCHECK{))=IND(D)

00287 IFCY(D).LT00) Y(0)=0,

00288  Crixkxkkx AT INCIPIENT SURCHARGE, ‘AS(J)’ WILL BE THE ACTUAL
00289 C VALUE OF ‘ASFULL’

00290 ASFULL(J) = AS(D)

00291 60 TO 560

go2yz2 €

00293 CXXukxkxx ADUUST HEAD AT SURCHARGED JUNCTIONS
00294  CievesssoAPPLY 1/2 OF COMPUTED CORRECTION
00293 500 DENOM=SUNAL(.J)

00296 IF(YT(D LT 2.5YCROWN) DENOM=SUMAL (14 (ASFULL(J)/TELT2-SUNAL(J))
00297 . XEXP{-15.X(YT(J)-YCROWN) /YCROWN)

00298 Y(=YT{J)) 41, 0X5UMAS(J) /DENDN

00299 IFCCY(D4ZL0)) 6T, BRELEVCI)) Y(J)=BRELEV(J)-Z(.)

00300 TFCY(J) LT YCROWN) Y{J)=YCROWN-0.001

00301 JCHECK (1) =IND(2)

00302 560 CONTINUE

00303 C

00304  Cxekkkxxt COMPUTE CONTINUITY PARAMETERS

00305 C

00306 DO 950 J=1sM

00307 SUMQIN = SUMRIN + QIN(.)XDELT

00308 IFCY(J) EQ.BGRELEV(1}-Z(1)) QDUCJI=B0UCI)+5UMRS (J)XDELT

00309 950 CONTINUE

00310 NL=NIC +1

00311 Cxxxxxxkx SYSTEW OUTFLOWS

00312 DO 9460 N=NLsNTL

00313 J=NJUNC(N» 1)

00314 TF(NJUNC(N»2) EQ,0) QOUCJI=ROUCIHB(NIADELT

00315 960 CONTINUE

00316 C

00317  Crxkkxykt URITE HYDRAULIC DATA FOR INPUT TO GUALITY TRANSPORT MODEL
00318 IF(N22 6T, 0) WRITE(NZ2) TIMEs(Q{N)» N=1,NTC)+(Y(J)y J=1;NJ)
00319 €

00320  Cxekaxkkx CHECK FOR MAXIMUM FLOW AND VELOCITY IN CONDUITS
00321 NHOUR=TINE/3600.

00322 THIN=(TIKE-NHOURK3600.)/60,

00323 00 902 N=1,NC

00324 TF(B(N) 6T QHAXXCN)) GO TO0 903

00325 GO TO 904

00324 903 EHAXX(N)=Q(N)

00327 TQHR (M) =NHOUR

00328 TOKIN(N) =THIN40.5

00329 904 IF(V(N) 6T UHAXX(N)) 60 TO 905

00330

00331 G0 TO 902

00332 705 VHAXX(N)=V(N)

00333 IVHR (N)=NHOUR

00334 TVHINCN) =THINE0.S

00333 902 CONTINUE

00136 L

00337  Crxiikxxx  CHECK FOR SURCHARGE AND MAXIMUM DEPTH AT JUNCTIONS
00338 DO 206 J=1+NJ

00339 IFC(ZEDY(I)) BT ZCROWNCD) ) SURLENCJ)=GURLENCIYHDELT/60.0
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00340 IF(Y(J).GT.DEPHAX(J)) GO TO 907
00341 G0 TD 904

00242

00343 907 DEPMAX())=Y(J])

00344 IDHR(J)=NHOUR

00345 IDMINCD)=THINFO.S

00344 906 CONTINUE

00347 C

00348 Ck¥xxxyxk CHECK PRINTOUT REQUIREMENTS
00349  C.... INTERMEDIATE FRINTOUT

00350 IF (MOD{ICYC, INTER).NE.0) GO TO 570
00351 WRITE(NS»1504)
00352 WRITE(NG651500) ICYCsNHOURy THIN

00353 1500 FORMAT(1Xs’CYCLE ‘»I5:6Xs'TIME “+14s* HRS - /+F5.2¢" KIN's//)
00354 WRITE{NG»1501)
00355 1501 FORMAT(1Xy’JUNCTIONS / DEPTHS ‘»/)

00256 WRITE(NS»1502) ((JUNCD) Y () Yo J=1:NJ)
00357 1502 FORMAT(3XsISs’//9F7.2:743Xs 157/ 4F7.2)/)
00358 WRITE(N6+1503)

00339 1503 FORNAT(/+1Xs ‘CONDUITS / FLOKS “4/)

00360 WRITE(N651502) (ENCONIHND s @(N) ) s N=1,NTL)

00361 1504 FORMAT(/264(2H- )19//)
00362 370 CONTINUE

00363 IF(ICYC-NSTART) 640+3580,580
003464 580 NSTART=NSTARTHINTER

00343 LTIME=LTINE+L

00366  Ckikikkkk STORE HGL FOR PRINTOUT
00347 DD 600 I=1,NHPRT

00348 J=JPRT(I)

00369 YHAX=ZCROWN(J)-Z ()

00370 PRTY(LTINEs D)=AMINL(Y (J) y YHAX)

00371 600 PRTH(LTIME,D)=Y(J}4ZI(.D)
00372 CxRkxxxkk STORE FLOW ¥ VELOCITY FOR PRINTOUT

00372 [0 620 I=1,NOPRT
00374 L=CPRT{I)

00375 NL=NJUNC(L,1)
00376 NH=NJUNC(L»2)
00377 FRTG(LTIME,1)=0(L)

00378 620 PRTVILTIMEsD)=V(L)
00379 640 CONTINUE

00380

00381 C

00382  Cxikkxkkx STORE HGL % FLOW FOR PRINTER PLOT ROUTINE
00383

00284 TPLT(NFTOT)=TINE/3600,
00385 IF(NFLTY 70057005660
00384 660 DO 480 N=1,NPLT

00387 J2JPLT(N)

60388 680 YPLT(NPTOT M) =Y{D4Z(D)

00389 700 IF(LPLT) 76057602720

00290 720 10 740 N=1,LPLY

00391 L=KPLT(N)

00392 740 OPLTCNPTOT N)=Q(L)

00323 760 CONTIMUE

00394  Chuckoikk CONPUTE WATER VOLUME LEFT IN STORAGE
00395 IF(NSTORE.EG.0) GO TO 801
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00396 D0 800 I=1,NSTORE

00397 J=JSTORE(T)

00398 800 VLEFT=VLEFTHY(J)RASTORE(J)
00399 801 CONTINUE

00400 b0 810 N=1,NC

00401 NL = NJUNC(N.1)

00402 NH = NJUNC(Ns2)

00403 H = Y(NL) ¢ Z(NL)

00404 H2 = Y(NHY + Z(NH)

00405 CALL HEAD(NsNLyNHyH1sH25Q(N) sACND V(N yHRAD: ANHY ANL »
00404 ¥RNL TINESICYC)

00407 ULEFT = ULEFT + 0.5K(ANH + ANL)RLEN(N)
00408 810 CONTINUE

00409 C

00410  Cxxxxxxxx FRINT X PLOT OUTPUT

00411 CALL OUTPUT

00412 STOP

00413

00414 END
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00001 BLOCK DATA

00002 €

00003 COMMON /BD/ANDRM(26+3) +HRNORM(2615) s TUNORM(26,3)

00004 COMNON/LAR/ TITLE(40)sXLARC11)sYLABCS) sHORIZ(S)sVERT(6)

00005  CS$$SSCOMMON /LAR/ TITL(18),XLAB(11),YLAR(A)HORIZ2(20)VERT2(746)s
00006  CH$$$KIT,IJoTITLE(A0) 1HORIZ(S) sVERT(6)

00007 C

00008  CEXXXXkxx NORMALIZED CROSS-SECTIONAL AREA

00009 " DATA ANORM/

00010 1 0000y ,01345 0374, .0680.1033y,1423», 18452292+ ,27595, 3242+
00011 2 vJ73635,42371 47455452551 43763146264 6758y, 724157708+ 8154y
00012 3 85769 .89671,93201,96260,986611,000+

00013 4 ,00009.,04005,08005 12005 + 16007 ,20007, 24005, 28005 , 3200+ , 3400y
00014 S «4000y 44007 48005 .52000 ,54001 . 60005 , 64001, 6800 , 7200+ . 7600+
00015 & 8000, .84005,88005,92005,9600+1,000,

00016 7 +0000y.01815,0508y,0908+,1326,1757y,2201+,2455,, 31185, 3587+
00017 8 4064, ,4542,50235 530647 ,59875 164425 . 69315, 7387+ ,7829,,8250»
00018 9 «B6529,90221 49356y ,96457,9873+1.000+

00019 1 .00005,01505,0400: 05505 0850y, 1200+, 1555, 1900+ ,2250,,2750s
00020 2 +32009,37009,42005 . 4700+ 51507 457005, 6200, , 68001, 73005 . 7800+
00021 3 +B350y.8850+,92505 95300 ,9800:1,000,

00022 4 ,00005,01735,0457,0828+,1271+,17655 422705427735, 32805, 3780+
00023 5 4270y 4765y ,52605 57400 62205 66901 ,7160+, 76105 8030y , 8390+
00024 6 8770+ ,9110+,94105,95680,.9880+1,000/

00025 C

00026  CXRRxxxs& NORMALIZED HYDRAULIC RABIUS
00027  Cxkxkxkxx SECOND SHAPE IS RECTANGULAR - BUT DO NOT USE - CANNOT NORMALIZ

00028 C # GENERAL RECTANGULAR HYDRAULIC RADIUS

00029 DATA HRNORM/

00030 1 401005 .10485 20525 . 30147 ,3944y ,4824 , 56647, 6436, 72045, 7912,
00031 2 85685 ,9176¢,9734651,02451,07051,110+1.144+1,174+1,194,1, 210+
00032 3 1,21741.215+1,20391,178+ 1,132, 1,000,

00033 4 ,0000¢,04005.08005,12007,14007,20007 24005, 28005 ,3200,3600»
00034 S 4000y ,44007, 48001 . 52005 . 5600y, 6000y . 6400y, 6800y . 72005 , 7600+
00035 & 480005 ,84005,880071,92005 240041000y

00034 7 0100y, 1040+ ,2065 . 32435 ,43225 5284, , 6147169271, 7636+ 82681
00037 8 88735.,94177.9905:1,036+1,07751,113¢1,14351,169,1,189,1,202¢
00038 9 1,208+1,20651,19591:170+1,126+1.000¢

00039 1 ,01005,0970, 21605 .3020y . 3840y . 46505 53805, 8110y, 6760y, 7350+
00040 2 7910 .8540,,9040, ,9410:1.008,1,045,1,074,1,115:1,146,1,162y
00041 3 1,18651,19351,186+1,162+1,107,1.000+

00042 4 ,0100y,09521, 1890y . 2730y . 3690+ , 46301 , 56007 , 4530+ , 7430y . 82205
00043 S +88307,94905.999051,055:1,095,1,14151,146151,188,1,206+1,204+
00044 6 1+20691,205:1,19651,168+1,12751,000/

00045 €

00046  Casxxxxsy NORMALIZED SURFACE WIDTH

00047 DATA TWNORM/

00048 1 +39195,39191,54265 16499, 73325 ,B000» . 85421 48980, 9330+, 9600+
00049 2 49798199281 ,99929,99921 99281 ,97985 . 96007 , 93307 , 8980 , 8542,
00050 3 8000 ,73325, 6499 ,54265, 39191, 3919

00051 4 1.00051,00051,000¢1,000¢1,00051,00051:000¢1.000¢1,000+1,000s
00052 5 1.00051.000¢1,00051,00051.000+1,00051.000:1,000+1,00051,000s
00053 & 1,00001,000+1,00051,00021,000+1,000;

00054 7 +3878+,5878y 8772y .8900+ ,9028+ , 91565 ,9284,,9412,9540/ , 9668,
00055 8 .9798,,9928,.9992,,9992,,9928:,9798: , 96007 .9330+,8980, , 8542,
00056 9 48000 ,73321, 64995 .54261 :39191 . 3919
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00057
00038
00039
00050
00061
00062
00043
00064
00045
00066
00047
00048
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
00081
00082

1 29805 .2980y,4330+ ,5080y ,58201 . 64205 ,6960+,7460y.79105 ,8360+
2 8460y ,89605,92605.,95605.97005 .9850+1,000, . 9850y .9700) . 9400,
3 +B260+.,83605,7640y 64205 . 31005 ,3100s
4 44900+ ,49005,66701,82007,9300¢1,000+1,000:1,000+,99705 9940+
9 .9880,,9820y,9670+ .9480y,9280+,9040, ,8740,,8420,,7980, .7500
& 16970163701 ,36701,46705 . 3420, , 3420/
C
DATA  VERT /AHJUNC s AHTIONy AHWATR s 4H SUR» 4HELEV . 4H(FT)/
C
Ce44$4DATA VERT2 7' FL/0d " T'9'N /! "y 'CFS 4y
Ces65% I6%dH 7
c
DATA TITLE /4H THEy4HRE I»4HS NOs4H WATs4HERSH,4HED I,
1 AHNPUT+4H S0 +4HTHE #4HPLOT,4HS ARs4HE FOs4HR CAy4HRD Hy4HYETO,
2 AHGRAP,4HHSy »4HOR F+4HOR +4H rAH CON» AHSTAN» 4HT IN:4HFLOW,
3 16%4H  /
¢
DATA HORIZ/AHCLOC,4HK TIs4HME (,4HHOUR,4HS) /
C
CessssDATA TITL /15%¢ Ty’ JUNC yTION's* NO.'/
L
Ce$8$¢DATA HORIZ J4HCLOC»4HK TI,4HME (»4HHOURs4HS  +BX4H
N
CessssDATA HORIZZ /B%4K +AHTIME»4H IN ;4HHOUR,4HS  »+B34H
£

END
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1. Compute current elevation of receiving water backwater.
Depending on the tidal index, the backwater condition
will be constant, tidal or below the system outfalls.
The tidally varied backwater condition is computed by
a Fourier series about a mean time equal to the first
coefficient, Al.

2. Compute depth at orifice junction for sump orifice flow-
ing less than full.

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

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

Subroutine DEPTH

Subroutine DEPTH computes the critical and normal depths corres-
ponding to a given discharge using the critical flow and Manning uniform
flow equations, respectively. Tables of normalized values for the cross-
sectional area, hydraulic radius and surface width of each pipe class are
taken from a Block Data element to speed the computations of critical and
normal depth. Subroutine DEPTH is used by subroutines BOUND and HEAD and
is Tisted below.
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[ar 28 o B or I o 4

C
c

C
c

SUBROUTINE BOUND(YDER,YDERT,GPsT,DT)

THIS SUBROUTINE COMPUTES THE LINK FLOW ‘BP(LINK)’ FOR
EACH EXTERNAL X INTERNAL NODE TO NODE TRANSFER

COMMON /BD/ANDRN(245) sHRNORM(2615) 1 TUNORM(24+5)
COMMON/TRAP/STHETA{200) »SPHI (200)

COMMON/FILES/ NS»N&sN21yN22)NPOLL

COMMON/CONTR/ NTCYC,DELTQyDELT,DELT2, TZERDALFHA(30)
1 NJsNCsNTCHNTL ICYCoNJISUH o MISWs TINEs TINE2 sAL>A25A3 1845 AS 1061 A7 oY

CONMON/JUNC/Y(187) 1 YT(187) sNCHAN(187+8) 1 AS(187)4Z(187) ,RIN(187)
1 80U(187) 1QINST(187) yGRELEV(187) y JUNC187) s ZCROUN(187), JSKIP(187)
2 ySUNAL(187),5UNB(187),5UMAS(187) »ASFULL(187)

COMMON/PIPE/LEN(187) sNJUNC(187+2) »AFULL(187),AT(187)y

1 0(187),¥(187),VT{187) ,DEER(187) 1A(187) yWIDE(187)RFULL(187)y
2 NKLASS(187)+2P(187,2),0T(187),00(187)sH(187,2) sNCOND(187)»
I ROUGH(187)

REAL LEN

DIMENSION YDEP(187),YDEPT(187),8P(187)

COMMON/STORE/ NSTORE»JSTORE(20)»ZTOP(20)sASTORE(20)
COMMON/ORF/ NORIFsLORIF(80)sAORTF (40)+CORIF (40)

COMMON/WEIR/ NWEIRsLWEIR(40)sKWEIR(0)YTOR(40) s YCREST(4Q)

2 WLEN(40)COEF (80, COEFS(40)

CONMON/PUNP/ NPUMP s LPUMP(20) s PRATE(20+3) sURATE (20+3) y VWELL(20)
1 JPFUL(20),IPTYP(20) '

COMMON/BND/ NFREE, JFREE(25) sNTIDE» JTIDE(25) yNGATE s JGATE(25)

EXECUTION
HTIBE=-9999,

Coxxxxxkx COMPUTE NEW ELEVATION OF TIDE

c

G0 T0 (110,109,108,108), NTIDE

108 HTIDE=A1+A2XSINCWAT)HATRSING2, KWXT)HA4KSIN(I, KHAT)
1 HASKCOS(WKT) HAGKCOS (2, XWKT) HA7RCOS(3 JURT)
IF(MOD(ICYC,30).EQ.0) WRITE(N6»1234) ICYCsHTIDE

1234 FORMAT(’ CYCLE'»ISs’ MTIDE='+F10.2)

60 T0 110
109 HTIDE=A1
110 CONTIMUE

CEXXXKEXE ASSIGN SURFACE AREA TO STORAGE JUNCTIONS

C

C

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

J = JSTORE(D)

AS(H) = ASCJ) + ASTORE(I)
114 CONTINUE
116 CONTINUE

CREAxERsx CONPUTE HEAD AT JUNCTIONS WITH SUMP ORIFICES WHERE

C

DEPTH IS BELOW JUNCTION INVERT
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00037 IF(NORIFY20052005120

00058 120 10 180 I=1,NORIF

00059 LINK=LORIF(I)

00060 J1=NJUNC(LINK,1)

00041 JORIP(J1)=0

00062 IF(NKLASS(LINK) .ER. 7 .OR. YDEP(J1) .G6T. 0.} GO TO 180
00063 JOKIP(J1)=1

00064 YNL=0,26XDEEPCLINK)4YDEP(J1)

000435 CALL HYDRAD(LINK,NKLASSCLINK) s YNLsRNL s ANLsBNL)
00066 YBEFT(J1)=Y(J1)HSUMG(J1)XDT/ (BNLALEN(LINK) /2,)
000467 IF(YBEPT(J1).6T.0.) YDEPT{.J1)=0,001

00048 180 CONTINUE

00069 €

00070  ChkXxxxxi COMPUTE DISCHARGE OVER TRANSVERSE AND SIDEFLOW WEIRS
00071 200 IF(NWEIR) 38055805220

00072 220 10 560 I=1,MMEIR

00073 Crokkx INITIALIZE

00074 WR=COEF(I)

00075 PORER=1.5

00074 U2=0,0

00077 LINK=LREIR(D)

00078 DIR=41,

00079 JE=NJUNC(LINK, 1)

00080 J2=NJUNC(LINK,2)

00081 Y1=YDEP{J1)

go0s2 IF(J2) 240+240:260

00083 240 Y2=aMAX1((HTIDE-Z(J1)) s YCREST(D))
00084 HEADM=Y1-YCREST(I)

00085 IF(HEADW) 48054805320

00084 260 Y2=YDEF(J2)

00087 HEADW=ANAX1(Y1sY2)~-YCREST(I)
00088 IF (HEADW) 480,480,280

00089  Cxikx CHECK FOR BACKFLOW
00090 280 IF(Y1-Y2) 300:320,320
00091 300 DIR=-1,

00092 Y1=Y2

00093 Y2=YDEF(J1)
00094 Ji=12

00095 J2=NJUNC(LINK, 1)

00096  [xkk CHECK FOR SURCHARGE

00097 320 IFCYLL.GT.YTOR(I)) GO TO 440

00098 IFC(DIR) 38053405340

00099 J40 IF(KWEIR(I)-3) 380,360,360

00100  Crkkk WK IS A FUNCTION OF APPROACH VELOCITY FOR SIDEFLOW WEIRS
00101 360 WK=COEF (D)

00102 V2=0.0

00103 POMER=1.67

00104  Chiokk WEIR DISCHARGE

00103 380 OWEIR=WREWLENCIYX((HEADWHV2/64,4)RRPDWER- (V2/64.,4) KEPOUER)
00104 KB=KWEIR(I)

00107 GO TO (420+400:420,400) KW

00108 CXXXX APPLY ARMCO TIDE GATE CORRECTION

00109  Cixxx (ARMCO WATER CONTROL GATES CATALOG)

00110 400 IF(HTIDE,GE. (YDEP(J1)+Z(J1))) GO TO 480

00111 VEL1=COEF (1) XHEADWX® (FORER-1.)

00112 HLO58=(4, /32, 2)RVELIXA2XEXP (-1, 1SRVELL/SORT(YTOP(I)-YCREST{I)))
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HEADW=HEADW-HLOSS
IF (HEADW.LE.0) GO TO 480
IFC(YCREST(I)4Z(.J)+HEADY) .LE,HTIDE) GO TO 480
OWEIR=COEF (1) XWLEN(T ) SHEADUXXPONER
C
Cxxkxikxx SUBMERGED WEIR COMPUTATIONS: DFK» 8/74
C
420 RATIO=(Y2-YCREST(I))/(Y1-YCREST(I))
IF((Y2-YCREST(I)).LE.0) GO TO 500
IF(RATIO.LE,0.3) GO TO 421
IF(RATIO.LE.0.73) GO TO 422
IF{RATIO.LE.0.85) 6O TD 423
IF(RATIO.LE,0,95) GO TO 424
CONST=0,4-0,3%(RATI0-0.95)/0.05
G0 TO 430
A2t CONST=1,
60 10 430
422 CONST=1,0-0,1%(RATID-0.3)/0.45
60 TO 430
423 CONST=0,9-0.1%(RATID-0,75)/0.:1
60 T0 430
424 CONST=0,8~0,4%(RATI0-0,83)/0.1
430 QUEIR=CONSTRCOEF (I)XULENCI)X(Y1-YCREST(I))®X1.5
60 TD 500
Cxrkx QUTFLOW IN SURCHARGED CONDITION
440 IF(Y1-Y2) 480,480,440
460 HEADN=Y1-AMAX1(Y2,YCREST(I))
IF(COEFS(1).67.0.0) GO 10 470
ARE=CYTOP(I)-YCREST(I) JXULEN(T)
COEFS(I)=ABS(AP{LINK)}/(AREXSORT (44, 4XHEADULV2))
470 BUEIR=COEFSCI)XULENCIYR(YTOP(I)-YCREST(I))XSORT{ 64, 4XHEADNIY2)
60 TO 300
480 OWEIR=0.
300 QF(LINK)=DIRXGWEIR
360 CONTINUE
£
Crrkxiixy COMPUTE PUMP DISCHARGES
c
Crpkxxisx NOTE - ONLY ONE INFLUENT PIPE CAN BE CONNECTED TO A PUNP NODE
£
980 IF(NPUMP) 9209205600
600 DO 900 I=1,NPUMP
LINK=LPUMP(I)
J1=NJUNC(LINK,1)
J2=NJUNC(LINKs2)
Crxxxksxx CONPUTE INFLOW TO WET WELL FOR GATES OPEN CONDITION
N=NCHAN(J1s1)
QINJ=GP(N)
IF(NJUNC(Ns2) JNE, J1) QINJ=-QP(N)
TF(BINJLLY.0.) QINJ=0,
CALL DEPTH(NyNKLASS(N) s0P (N) s YCRITy YNORM, TINE, ICYC)
60 TO (710,885) IPTYR(I)
Crpikxx SET CRITICAL DEPTH AT WET WELL FOR OFF-LINE PUMP
710 YDEPT(J1)=AMIN1(YCRIT,YNORN)
UNELL(I)=VHELL (1) +QINJXDELT2
Croxxxpkx SET PUMP RATE
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00149 720 Q0UT=0.0

00170 IF(VWELL(I)) 800,800,740

00171 740 QOUT=PRATE(Iy1)

00172 IF(VWELL(I)-VRATE(I+1)} 800+7605760
00173 760 QOUT=PRATE(I»2)

00174 IFCVNELL(I)-VRATE(I+2)} B800,780+780

00175 780 GOUT=PRATE(I,3)

00176  Cakaxaxyx COMPUTE NEW WET WELL VOLUME
00177 800 UNEW=VWELL(I)-DOUTADELT2

00178  Cetkxxkik CHECK FOR DRY WELL

00179 IF(VNEW) 820,820,840
00160 820 AOUT=VWELL(I}/DELT2
00181 UHELL(I)=0.0

00182 AP CLINK)=00UT

00183 JPFUL(DD=1

00184 G0 TO 900

00185  Caikxxxik CHECK FOR FLOODED WELL
00186 840 IFCVRATE(I»3)-UNEW) B40,B605880
00187 860 DIFF=VNEW-VRATE(I,3)

00188 UNELL (I1)=VRATE(I»3)

00189 QOUT=PRATE(I»3)

00190 @P(LINK)=Q0UT

00191 N=NCHAN{J1,1)

00192  C....THROTTLE PUMP STATION INFLOW
00193 BP{N)=QP{N)-DIFF/DELT2
00194 60 10 900

00195  Caxxgkxxx NORMAL WET WELL CONDITION
00196 880 VHELL(I)=UNEW

00197 AP (LINK)=Q0UT

00198 €

00199  Creexkx SET PUMP RATE FOR IN-LINE PUMP
00200 885 IF(QINJ.GT.PRATE(I,1)) GO TO 885

00201 YCNTRL = AMINL(YCRIT»YNORM)

00202 IF(YDEP(J1).6T,YCNTRL) GO TO 884
00203  Chiikxk THROTTLE PUMP STATION FUMP RATE
00204 YDEPT(J1) = YCNTRL

00205 JSKIP(ID) = 1

00206 aouT = @INJ

00207 GO TO 888

00208  Crekkxx SET PUMP RATE
00209 886 JSKIF(J1) = 0

00210 G0UT = PRATE(I»1)
00211 IF(YDEP(J1) 6T, VRATE(I»1)) QOUT = PRATE(I»2)
00212 IF(YDEP(J2) .6T.VRATE(I»2)} QOUT = PRATE(I:3)

00213 688 GP(LINK) = QOUT

00214 900 CONTINUE

00215 C :

00216  Chesxxxxt SET DEPTH AT FREE OUTFALL % TIDAL NODES (ONE PIPE/NODE)
00217 920 IF(NFREE) 980,980,940

00218 940 DO 960 1=1,NFREE

00219 J=JFREE(D)

00220 N=NCHAN(Js1)

00221 LINK=NCHAN(J»2)

00222 OP(LINK)=BP(N)

00223  C...» CHECK FOR QUTFALL PIPE ON AN ADVERSE SLOPE
00224 IF(NJUNC(N»1),EQ, J)BP (LINK)=-8P (LINK)
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CALL BEPTH(NsNKLASS(M) s OF (N) s YCRIT» YNORM: TIME, ICYC)
YOEFT(J)=AMINE (YCRIT, YNORM)
Cxekirxkx CHECK FOR FULL FIFE OR SURCHARGE
IF(YDEFT(J) .GT.DEEFCN}) YDEPT(J)=DEEP(N)
Croixpkkx CHECK FOR TIDAL INFLUENCE
IFCCYDERTCHZ(D) )WL Y HTIDE) YDERT(J)=HTIDE-Z(J)
960 CONTINUE
€
CXukxxerx SET DEPTH AT TIDE GATE OR CLOSE GATE
980 IF(NGATE) 1080,1080,1000
1000 DD 1060 I=1,NGATE
J=JGATE(T)
N=NCHAN(.J»1)
LINK=NCHAN{Jy2)
AP (LINK)=QP(N)
Cxxxx CHECK FOR OUTFALL PIFE ON AN ADVERSE SLOFE
Jup=1
JBN=2
IF(NJUNC{N»2),EQ.J) GO TO 1010
OP (LINK)=-QF (LINK)
Jup=2
JDN=1
1010 IF(H(N»JUP)-HTIRE) 1020,1020,1030
CRepkxxy GATE CLOSED
1020 YDEPT(H=H(Ny JUF)-Z(J)
IF(YDERT(JY LT, 04 )YREFT(J)=0,
G0 TO 1040
CXRRXEXXX GATE OPEN
1030 CALL DEFTH(NsNKLASS(N)»@F (N)» YCRIT» YNORMs TIME ICYD)
YDEPT(J)=AMINL (YCRIT s YNORK)
Criopkdkx CHECK FOR FULL FPIFE OR SURCHARGE
IF(YDEPT(J).GT.DEEF(N)) YDEPT(J)Y=BEEP(N)
Cxpoookk CHECK FOR TIDE ELEVATION
IFCCYDEPT(D4Z(J}) LT HTIDEY YDEPT(J)=HTIDE-Z{J)
1060 CONTINUE
C
1080 RETURN
END
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SUBRGUTINE DEPTH (N,KLASS,QFO»YC,YNORM»TINEsICYC)

THIS SUBROUTINE FINDS THE CRITICAL DEPTH
AND THE NORMAL DEPTH CORRESPONDING TO THE FLOW QF

I I

COMMON /BD/ANORN(2655) sHRNORM(2695) s TUNORN(265)

COMMON/FILES/ N3sN6sN21,N22oNPOLL

COKMON/PIPE/LEN(187) sNJUNC(1872) s AFULL(187) 4 AT(187) s

1 G(187),V(187),VT(187)sDEEP(187)sA(187),WIDE(187) RFULL{187)5
2 NKLASS(187)+ZP(18752),QT(187),80(187)sH(18752) }NCOND(187) s
3 ROUGH(187)

COMMON/TRAP/STHETA(200) » SPHI (200)

DIMENSION KCRIT(187)

REAL LEN

EXECUTION

Lo B ]

ar=ABS(GP0)
YC=0,
YNORK=0,
IF{QP.LE.0.) RETURN
NDIK=187
NTYPE=KLASS
IF(NTYPE.ER.6) GO TO 640
Crixxeynt SPECIFY NTYPE FOR ORIFICES
IF(NKLASS(N) ,ER, 7 ,OR. NKLASS(N).EQ, B) NTYPE=1
CRO e XINITIALIZE KCRIT
c
IF(ICYC.GT.1) 60 TO 100
D0 50 I=1,NDIN
KCRIT(X)=0
50 CONTINUE
Cxxkxkkx SEARCH AREA % WIDTH TABLES FOR PROPER LOCATION
100 BCo=0.
DO 300 1=2,26
AREA=AFULL (N) XANDRM (I NTYPE)
WIDTH=RIDE (N) XTHNORN(IsNTYPE)
OC=AREAXSORT (32, 2XAREA/BIDTH)
IF(QC-GF) 25052005200
200 DELTA=(@P-QCO)/(BC-0CO)
YC=0,04X(FLOAT(I-2) +DELTA)XDEEP (N)
GG 1O 400
250 nCo=0C
300 CONTINUE
C
Cxxxxkkxx PIPE SURCHARGED AT THIS SECTION
YC=DEEF (N)
€
Crexxkkxx SEARCH AREA ¥ RADIUS TABLES FOR PROPER LOCATION
400 ONDRHO=0,
DD 400 I=2526
AREA=AFULL (N)XANORM(IsNTYPE)
HRAD=RFULL (N)XHRNORM( I rNTYPE)
IF(NTYPE.EQ, 2) HRAD=WIDE(N)+2,%{I-1)/25.%DEEP(N)
ONORM=G8RT (32, 2%(ZP (Ny 1)-ZP (Hs2) )/ (LEN(N)XROUGH(N) ) )
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00057 1 XAREATHRADIR0.6667

00038 IF (ONORM-GP) 5305005500

00059 500 DELTA=(GP-GNORNO)/ (GNDRM-GNORNMO)
000460 YNORM=0,04%(FLOAT(I-2) +DELTA)RDEEP (¥)
00061 60 T0 420

00042 350 GNORMO=GNORM
00063 500 CONTINUE
00064  Cxxtxxxix PIPE SURCHARGED AT THIS SECTION

00065 YNORM=DEEP (N}

00066 C

00067 620 RETURN

00068 C

00069  CEXXkkXxx YC AND YNORM FOR TRAFEZOIDAL CHANNELS
00070 C

00071  Cekx COMPUTE YC
00072 440 6C0=0,

00073 D0 660 1=2526
00074 YI=0,043FLOAT(I-1)XDEEP(N)
00075 WIDTH=YIX(STHETA(N) +SFHI(N) }WIBE(N)
00076 AREA=0, SXYIX{MIDTHHUIDE(N))
00077 OC=AREAXSORT (32, 2XAREA/WINTH)
00078 IF(QC-OF) 45046455645
00079 645 DELTA=(QP-GCO)/(AC-RCO)
00080 YC=0. 04X (FLOAT{I-2)+DELTA)RDEEF(N)
00081 60 TO 670

00082 630 QCo0=0C
00083 460 CONTINUE

00084 C

00085  Cxrkx PIPE SURCHARGED AT THIS SECTION

00084 YC=DEEP (N}

00087 ¢

00088  Caxix COMPUTE YNDRN

00087 ONORMO=0,

00090 SROOTS=GORT (1, +STHETA(N)XX2, J4B0RT (1. +5FHI (N} x%2,)
00091 DO 480 I=2,24

00092 YI=0,04%XFLOAT(I-1)XLEEP (M)

00093 AREA=YTR(WIDECN)+YI/2, R (STHETACNI5PHI(N) ))

00094 HRAD=AREA/ (WIDE (N} +DTEKFXSRO0TS)

00095 ONORM=SORT (32, 2% (ZF (Ns 1)-ZF (N2} }/ (LEN(N)XROUGH(N) ) YXAREARHRALXO .
00096 2677

00097 IF (ONORM-OP) 673567024670

000948 670 DELTA=(OP-GNORMD)/ (ONDRK-GNORMG)

00099 YNORYM=0.,04% (FLOAT (I-2)+DELTAXDEEP (N)

00100 RETURN

00101 673 ONORMO=GNORM
00102 480 CONTINUE
00103  Cxixx PIPE SURCHARGED AT THIS SECTION

00104 YNORM=DEEP(N)
00105 RETURN
00106 END

109



Subroutine HEAD

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

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

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

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

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

5. If the pipe is dry only at the upstream end, then all

surface area for the conduit is assigned to the down-

stream junction. -
Note that adverse flow in the absence of a critical section is treated as in
(1) above. If a critical section occurs upstream, then all surface area for
the adverse pipe is assigned downstream as in (3). The assignment of nodal
surface area, based on the top width and Tength of conduit flow, is essential
to the proper calculation of head changes computed at each node from mass
continuity as discussed in Chapter 3. Following surface area assignment,
HEAD computes the current weighted average values of cross-sectional area,
flow, velocity, and hydraulic radius for each pipe. Subroutine HEAD is called
by program MAIN and it in turn uses subroutines DEPTH and HYDRAD in its sur-
face area computations, as shown in the computer Tisting which follows.
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00001 SUBROUTINE HEAD(NsNLyNHsHEADRL s HEAI2 s OP 1 AREA s VEL yHRAD » ANH 2 ANL sRNL
00002 {TINES ICYD)

00003 C

00004 C THIS SUBROUTINE CONVERTS NODAL DEPTHS TO PIPE DEPTHS
00005 C IT ALSO ASSIGNS SURFACE AREAS TO THE PROPER NODES
00006 C SURFACE AREA IS5 NOT ASSIGNED TO ORIFICE OR WEIR LINKS
00007 C

00008 COMMON /BD/ANORN(26+5) 1HRNORM(2615) s TUNORN(26,5)

00009 COMMON/FILES/ NGsN&sN21sN225NPOLL

00010 COMMON/TRAP/STHETA(200) 2 5FHI(200)

00011 COMMON/ JUNC/Y (187) s YT(187) s NCHAN(187,8) sA5(187),Z(187) +QIN(187)»
00012 1 G0UC187),RINST(187) s6RELEYV(187) » JUNC187)ZCROKN(187) 5 JSKIP(187)
00013 2 1SUMAL(187),5UNR(187) s SUHAS (187} » ASFULL(187)

00014 C

00015 COMMON/PIPE/LENC187) + NJUNC(18752) s AFULL(1B7) AT (187)y

00014 1 00187)5V(187)sVT(187) ,DEER (187) sA(187) HIDE(187) yRFULL(187),
00017 2 NKLASS(187)+ZP(187,2)s07(187)+00¢187) sH(187,2) sNCOND(187)+
00018 3 ROUGH(187)

00019 REAL LEN

00020 C

00021 € EXECUTION

00022 €

00023 YNL=HEAD1-ZF(Ns1)

00024 YNH=HEAD2-ZP{N:2)

00025 C

00024  Cxxxkxxxy CHECK FOR DRY PIPE

00027 IF(YNL,LE.O, AND.YNH.LE.0.) 6O TD 220

00028 IF(YNL)10+10,20

00029 Cxuxkrkkx YNL.LE,O» YNH..GT.0 (CRIT OR NORM UFSTRM OR STORAGE DWNSTRM)
00030 10 IF(HEAD2-ZP(Ns1)) 240515+15

00031 15 IF(ZP(Ns1).LE.Z(NL)) GO TO 160

00032 CALL DEPTH(NsNKLASS(N),OPsYCy YNORM, TINE,ICYC)

00033 60 TO 200

00034  CxkRRyxsx YNH LE Oy YNL BT O» CRITICAL OR NORM DOWNSTREAM

00035 20 IF(YNH) 25,2530

00034 25 TF(ZP(Ns2) JLELZ(NH)) 60 TO 160

00037 CALL DEPTH(NyNKLASS(N)+QFsYCs YNORMs TINE ICYC)
00038 Y2=AMIN] (YC, YNORM)
00039 GO TO 180

00040  CXXELXXXX YHL AND YNH GT 0

00041 30 IF(QPF) 35:30430

00042  Cxxxxxxix ADVERSE FLOW

00043 35 TIF(ZP(Ns1)-Z(NL)) 1605140440

00044 40 CALL DEPTH(N)NKLASS(N)sQF+YL:YNORMs TINE, ICYC)
000435 IF(YE-YNL) 14051605200

00046  CrREXkxxd¥ POSITIVE FLOW

00047 36 IF(ZF(Ns2)-Z(NH)) 1605160955

00048 53 CALL DEFTH(NsNKLASS(N},QPsVCYNORHsTIME.ICYD)
00049 Y2=AMINL(YC» YNORM)

00050 IF(Y2-YNH) 12041205180

00051 120 IFCYNH-AMAX1(YC,YNORM)) 14051405140

00052 140 FASNH=(YNH-Y2)/ARS(YNORN-YD)

00053 60 TO 165

00054 €

00035  CRXX¥XXy NORMAL SITUATION’ HALF SURFACE AREA AT EACH END
INT 160 FASNH=1.0
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00057 165 YHID=0.5%(YNL+YNH)

00058 IF (YHIDLLE.0.0) YHID=0.0

00059 CALL HYDRAD(NsNKLASS(N) s YHL sRNL 1ANLSBNL)
00060 CALL HYDRAD{NsNKLASS(N)» YHIDsRMID: ANIDI BHID)
00041 CALL HYDRAD(NsNKLASS(N) » YNH - RNH s ANH: BNH)
00062 IF(HKLASS(N) 6T, &) GO TO 260

00063 AS(NLY=AS(NL)+0, 258 (BNLEBHIDIRLEN(N)

00044 AS{NH)=AS{NH)+0, 2% (BMIDHBNH) SLEN(N) XFASNH
00065 60 70 240

00066

L
00067  CExeaeigk CRITICAL SECTION DOWNSTREAM‘ SURFACE AREA UPSTREAM
00048 180 YRH=Y2

00049 HEADZ=YNHHZP(Ny2)

00070 YHID=0.5%{YNL+YNH)

00071 IF (YMID.LE.0.0) YHID=0.0

00072 CALL HYDRAD{NsMKLASS(N) y YNLsRNL»AHL»BNL)
00073 CALL HYDRAD(N,NKLASS (M) s YBILRMID, AMID, BHID)
00074 CALL HYDRAD{NsMKLASS(N) s YNH» RNH» ANH» ENH)
00075 IF{NKLASS(N).6T. &) GO TO 240

00076 AS(NL)=ASCNL)40, 25X (BNL+EHID) XLEN(N)

00077 60 T0 2460

00078 € -

00079  Cakkxkixi CRITICAL SECTION UPSTREAM’ SURFACE AREA DOWNSTREAM
00080 200 HEADI=YCHIP(N»1)

00081 YNL=YC

00082 YHID=0,52(YNL$YNH)

00083 IF (YHIDLLE.0.0) YMID=0.0

00084 CALL HYDRAD{NsNKLASS(N)» YNL »RNL sANLBNL)
00085 CALL HYDRAD(NsHKLASS(N) s YNID RMITAMID, BHIDD
00084 CALL HYDBRAD(NsNKLASS(N) s YNH s RNH1 ANHo BNH)
00087 IF(NKLASS(N).BT. &) 60 TO 260

00088 ASINHI=AS (NH) 40, 250 (BMIIHBNH) KLEN(N)

00089 GO 70 260

00090 €

00091  CXRixyRxZ DRY PIPE’ NG SURFACE AREA FOR ENDS WITH NEGATIVE Y
00092 220 HEADI=HEAD2

00093 YHID=0,

00094 CALL HYDRAD(NsNKLASS(N)»YNIDsRKID, AMID, BHID)
00095 ANH=0,

00094 fL=0,

00097 RNL=0,

00098 AREA=0.

00099 VEL=0,

00100 HRAD=.01

00104 BN =0.0

00102 IF(NKLASS(N).6T. 6} RETURN
00103 IF(YNL.LY,~0,001) GO TO 230
00104 ASINL)=AS(NL) +BHIDRLEN(N} /2,
00105 230 IF(YNH.LT.~0.001) RETURN
00106 AS(NH)=AS (NH) HBMIDELEN(N) /2,
00107

00108 RETURM

0010% €

00110  CR¥RERELY DRY UPSTREAM' SURFACE AREA DOWNSTREAM

00111 240 HEADI=HEAD2
00112 Vit =0,
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00113
00114
00113
00114
00117
00118
00119
00120
00121
00122
00123
00124
00125
00126
00127
00128
00129
00130
00131
00132
00133
00134
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£

YMID=HEADZ-0, 33 (ZP(Ns 1)4ZF(Ns2))
IF(YNIDLLT.0.) YMID=0,

CALL HYDRAD(NyNKLASS(N)} s YNL +RNLsANLsBNL)
CALL HYDRAD(NsNKLASSCN)s YMID RMID)AKID:BNIID
CALL HYDRAD(NsNKLASS(N) s YNHy RNH, ANHsBNH)
AREA=0, 25K (ANL12, SAMIDHANH)

VEL=0.0

HRAD=0. 5X (RNIDHRNH)

A0(N)=0.0

IF(NKLASS(N) «6T, 6} RETURN
AS(NH)=AS (NR) 10, 25X (BMIDHENH) XLEN(N)
IF(ZP(Ns1)-Z(NL) LT, 0.001) AS(NL)=AS(NL)+,25% (BNLABMIDIXLEN(N)
RETURN

Ckikxkky COMPUTE CROSS-SECTION AREAs VELOCITY ¥ HYDRAULIC RADIUS

260 AREA=0,23X(ANLE2, XAKITHANH)

VEL=0,

IF(AREA.GT.0.) VEL=QP/AREA
HRAD=0, 23% (RNL+2, ARHIIHRNH)
IF (AREA.LE.0.0) QO(NI=0.0
RETURN

EN
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Subroutine HYDRAD

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

Subroutine INDATA

INDATA is the principal input data subroutine for the Analysis Module
which is used once at the beginning of the MAIN program. Its primary function
is to read all input data specifying the links, nodes and special structures
of the transport network. It also establishes sewer system connectivity and
sets up an internal numbering system for all sewer elements by which the
computations in MAIN can be carried out. The principal operations of INDATA
are listed in the order they occur in the program:

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

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

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

4. Read physical data for junctions and print summary of all
junction data.
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00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
000146
00017
00018
00019
00020
00021
00022
00023
00024
00025
00024
00027
00028
00029
00030
00031
00032
00033
00034
00035
00034
00037
00038
00039
00040
00041
00042
00043
00044
00043
00044
00047
00048
00049
00050
00051
00052
00053
00054
00053
00056
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SUBROUTINE HYDRAD (N+KLASS:DEPTH)HRADsAREA,WIDTH)

¥
€ THIS SUBROUTINE COMPUTES THE HYDRAULIC RADIUS,
C SURFACE WIDTHs ¥ CROSS-SECTION AREA FOR PIPE ‘N’
£
CONMON/FILES/ NOsN6sN21sN22:NPOLL
COMMON /BD/ANORM(26+5) sHRNORM{(2655) » TUNORN{ 26+ 3)
C
COMON/PIPE/LENC1B7) sNJUNC(18752) 1 AFULL(187) AT(187),
1 04187)59(187),UT(187)DEEP(187),A(187) sWIDE(187) ,RFULL(187),
2 NKLASS(187)52P(187,2),0T(187),Q0(187) +H(187+2) sNCOND(187) s
3 ROUGH(187)
COMMON/TRAP/STHETA(200) s 5PHI (200}
REAL LEN
C
£ EXECUTION
£

NTYPE=KLASS
IF(DEFTH) 20051005100
Cxxxk SPECIFY NTYPE FOR ORIFICES
100 IF(NKLASS(N).EQ, 7 .OR. NKLASS{N).EQ, 8) NTYPE={
60 TO (12051805120¢120,120+190) sNTYPE
120 FDEPTH=DEPTH/DEEP(N)
IF(FDEPTH-1.) 14041405140
c
Crextixex INTERPOLATE TARLE OF PROPERTIES
140 I=1+IFIXCFDEPTH/0.04)
DELTA=(FDEPTH-0.04%FLOAT(1-1))/0,04
WIDTH = WIDE(N)XCTUNORM(TsNTYPE)+H(TUNORM(I+1sNTYPE)-TUNORM(I/NTYPE
1))3DBELTA)
AREA = AFULL (N)XCANORM(IsNTYPE) + (ANORM(I141sNTYPE)-ANORM(IsNTYPE)
1)XDELTA)
HRAD = RFULL (NYX(HRNORM(INTYPE)+(HRNORM(I41,NTYPE)-HRNORK{TsNTYFE
1)EDELTA)
RETURN
£
Caxgeksx FULL PIPE
160 HWIDTH = 0,
AREA=AFULL(N)
HRAD=RFULL (N}
RETURN
CRrEkkRix RECTANGULAR SECTION (SPECIAL CASE)
c
180 WIDTH=WIDE(N)
AREA=WIDTHYDEPTH
HRAD=AREA/ (WIDTH2,XDEFTH)
HRAD=ANAX1 (HRAD,0.01)
RETURN
C
CXTekckxx TRAPEZOIDAL SECTION (SFECIAL CASE)
190 CONTINUE
DEPTT=DEFTH
FDEP=REPTH-DEEP(N)
IF(FDEP) 19651961194
194 DEPTT=DEEP(I)
196 CONTINUE
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00057 WIDTH=WIDE(N)+DEPTTR(STHETA(N} +5PHI(N))

00058 AREA=DEPTTH(WIDE (N)+{DEPTT/2, )R(STHETA(R)4SPRI(N}))

00059 WETPER=WIDE(N)4DEPTTR(SORT(1,+STHETA(N)XX2, ) +5BRT (1, +5PHI () ¥%2.))
00060 HRAD=AREA/WETPER

00061 HRAD=ANAX1 (HRAD»0.01)

00062 RETURN

00063 C

00064  Cxxxexiyx NEGATIVE DEPTH

00065 200 WRITE(N6y5000) NCOND(N)»DEPTH

00066 5000 FORMAT('ONEGATIVE DEPTH ENTERED TO HYDRADs COND.'»I6sE16.4)
00067 BEPTH=0,

00048 GO 70 100

00069 END
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10.

11.

12.

Set up internal numbering system for junctions and con-
duits and establish connectivity matrix. This matrix
shows the connecting nodes at the ends of each conduit
and conversely the connecting Tinks for each node in
the storm sewer system.

Read orifice input data and print summary. Assign in-
ternal 1ink between orifice node and node to which
it discharges.

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

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

Read free outfall data and print a data summary for
outfalls. Assign an internal T1ink for each free out-
fall in the internal numbering system.

Read tide gated (non-weir) outfall data from cards and
print a summary of tide gate data. Assign an internal
1ink for each free outfall in the internal numbering
system.

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

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

o No control water surface at the system outfalls;

e A1l outfall control water surfaces at the same
constant elevation, Al;
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8 Tide coefficient read in by cards; or

e Tide coefficients Al through A7 will be generated

by subroutine TIDCF based on a set of tidal stage

and time points.
Print summary of tidal boundary input data, including the tide
coefficients generated by TIDCF which are printed in sub-
routine TIDCF.

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

14. Initialize conduit conveyance factor in Manning eguation.
Also, read input data defining the initial conduit flows,
velocities, and junction depths at TZERO corresponding to
DWF or some antecedent flow condition.

15. Read first two hydrograph records either from tape unit
N21 supplied by the Surface Runoff Program or from data
input cards.

The code which performs these functions is shown in the following
computer listing.

Subroutine INFLOW

Subroutine INFLOW 1is called from the MAIN program on each time-step
to compute the current value of hydrograph inflow to each input node in the
sewer system. INFLOW reads current values of hydrograph ordinates from tape
unit N21 when the Surface Runoff Program is used or from card input runoff
hydrographs in cases where the Surface Runoff Program is not used as a pre-
processor to the Analysis Moduld. INFLOW performs a linear interpolation
between hydrograph input points and computes the discharge at each input
node at the half-step time, t+at/2. A Tisting of INFLOW follows.
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00001
00002
00003
00004
00005
00004
00007
00008
00009
00010
00011
00012
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00014
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00023
00024
00025
00026
00027
00028
00029
40030
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00032
00033
00034
00035
00034
60037
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00040
00041
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00045
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SUBROUTINE INDATA

THIS SUBROUTINE READS AND PRINTS ALL INPUT DATA
EXCEPT FOR HYDROGRAPH CARDS IN ‘INFLOW'

IT ALSO FERFORMS SOME INITIALIZATION

ALL NODE-CONDUIT LINKAGES ARE SET UF AND
CONVERTED TO THE INTERNAL NUMBER SYSTEN

INTEGER IFNAM(3)sDFNAN(3) s THFNM(3) s INRTH(3)
CONMON /BD/ANORM(2655) sHRNORK(2655) s TUNORM(26+3)

COMMON/FILES/ NOsN&sN21oN22sNPOLL

COMMON/CONTR/ NTCYC,DELTQDELT,DELT2 TZERDSALPHA(30) s
1 NJINCYNTCNTL ICYCyNJSUHs MHISW s TINE s TIMEZ2 1AL+ A29 A3 A4 AD 1AL A7 5 W

COMMON/JUNC/Y(187)»YT(187) 1 NCHAN(187,8) sAS(187)52(187) RIN(187) s
1 00U(187)sQINST(187),GRELEV(187),JUNC187),ZCROWN(187),JSKIF(187)
2 yBUNAL(187),5UMB(187),5UNRS(187) »ASFULL(187)

COMMON/PIPE/LEN(187) s NJUNC(18792) s AFULL(187)+AT(187)s

1 Q(187)yV(187),VT(187),DEEP(187)sAL187) HIDE(18B7) ,RFULL(187)y
2 NKLASS(187)+ZP(187,2),QT(187)»00(187),H(187+2) s NCOND(187),

3 ROUGH(187)

COKMON/TRAP/STHETA(200) s SPHI(200)

REAL LEN

COKMON/STORE/ NSTORE» JSTORE(20)+ZTOP(20) sASTORE(20)
COMHON/ORF/ HORIF,LORIF(50),AORIF (40)CORIF(60)

COMMON/WEIR/ NWEIRsLWEIR(60) yRWEIR(60) s YTOR(40)2YCREST{(60)s
2 WLEN(40) sCOEF(60) s COEFS(40)

COMMON/FUMP/ NPUMPyLFUMF(20) s PRATE (20 3) s URATE (20930 » VWELL(20)
1 JPFUL(20) s IFTYP(20)

COMMON/END/ NFREE, JFREE(23) »NTIDE, JTIDE(25) s NGATEy JGATE(2S)

COMMON/OUT/ NFRTsIFRToNHPRT JPRT(20) sFRTH(100+20) sPRGEL (20},
1 NOPRT,CPRT(20) sPRTVC100520)sFRTO(100,20) s IDUN(12) s ICOL (10}
2 LTIMESNPLTyJPLT(20) 2 YPLT (1025 20) sLPLT o KPLT (200, QPLT (102420}
3 TPLT(102)sNFTOTsNSTART» INTER/PRTY(100,20)

INTEGER CPRT

COMMON/TIDE/ YY(S0) »TT(50) sAAC10)+XXC103,EXX(10,10),8XY(10)

COMMON/HYFLOB/ ISW(187),0TAPE(187,2)sJSW(A5) sRCARDAS2)y
1 WATSH(1B7) s TEQ# TR T2y TE, 720, TIMEDsNSTEPSsNINREC

COMMON/LAR/ TITLE(40)sXLAR(11)sYLAB(A) yHORIZ{(S) sVERT (&)

DIMENSION OTYFE(2)

DATA OTYPE/'SIIE’, SUMP*/
[ATA ENOTE/SHERROR +4HERRORS/

EXECUTION
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00037
00038
00059
00040
00041
00062
000463
00064
00065
00064
000467
00048
00069
00070
00071
00072
00073
00074
00075
00074
00077
00078
00079
00080
00081
00082
00083
00084
00083
00084
00087
00088
00089
00090
00091
00092
00093
00094
00093
00096
00097
00098
00099
00100
00101
00102
00103
00104
00105
00104
00107
00108
00109
00110
00111
00112

CHRRRRXXE  TAPE ASSIGNMENTS
NG=20
N6=21
N22=0
NSTOP=0
NDIM=187
WRITE(S5:103)
103 FORMAT(1Xs'ENTER INPUT FILE SPECIFICATIONS:'»$)
READ(S5s101) IFNAM
101 FORMAT(3AS)
HRITE(3»102)
102 FORMAT(1X) 'ENTER DUTPUT FILE SPECIFICATIONS:’$)
READ{Ss101)0FNAK
OPEN(UNIT=NG» DEVICE="II8K’ y ACCESS="5EQIN' s ITALOG=TFNAH)
OPEN{(UNIT=N6sDEVICE='DSK" sACCESS="SERQUT » DIALOG=0F NAM)

C

Ckekxriks HEADING (TITLE) CARDS

£

READ(NG,5040) ALPHA
3040 FORMAT(15A4)
WRITE(N6»2999)

2999 FORMAT(’17564(2H--)/ ’»'FEDERAL HIGHWAY ADMINISTRATION'»14X,40HKX
2%k URBAN HIGHWAY DRAINAGE PROGRAM Xxi%,8X, WATER RESOURCES DIVISIO
IN'/7 7o/ BEPARTMENT OF TRANGFORTATION'»16Xs AHXRKX, 32Xs 4HKRRK:8Xy
4'CAMP DRESSER & MCKEE INC.’/’ ‘» WASHINGTONs D.C.’s28Xr4H
SEREKs6Xs© ANALYSIS MODULE ’»4X»4HKERY,8Xs ‘ANNANDALE» VIRGINIA
6")

WRITE(NS55060) ALFHA
G060 FORMAT(Y "»158477 *y15A4//)

C

CXEXprxxx GENERAL CONTROL PARAMETERS

C

READNNS»5080) NTCYC,DELTsTZERDNHFRTNGFRToNPLTsLPLTsNSTART) INTER)

1 NJSUsN21INZ2

3080 FORMAT(IS:2F5.0,915)
CXXRkkiks DEC 20 FILE SPECIFICATIDNS
IF(N21,LE.0)G0 TO 110
WRITE(N67109)
109 FORMAT(1Xy “ENTER INPUT HYDROGRAPH FILE SPECIFICATIONSI's$)
READNS,101) THFNM
OPEN(UNIT=N21,DEVICE="DISK’ sACCESS="SERIN’ » DIALOG=THFNM)
110 IF(N22,LE.0)GO TO 118
WRITE(NAs111)
111 FORMAT(1X,’ENTER FILE SPECS FOR SYSTERM INFORNATION INPUT,

1 7 10 QUALITY TRANSPORT MODEL:'s$)
READ(G,101) INOTH
OPENCUNIT=N22,DEVICE='DSK' s ACCESS="GERDUT’ s DIALOG=INQTH)

118 DELT2=DELT/Z.
IF(N22.EQ.0)MJSH=0
WRITE(NAs5100) NTCYC
3100 FORMAT (19HOINTEGRATION CYCLESs1S)
WRITE(N653120) DELT
5120 FORMAT (JOHOLENGTH OF INTEGRATION STEP ISsF4.0,8H SECONDS)

IF (NSTART.LE.0) NSTART =1

INTEMP=(NTCYC-NSTART) /100 + 1

IF C(INTEMP.GE.INTER) INTER=INTEMP
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00113
00114
00115
00116
00117
00118
00119
00120
00121
00122
00123
00124
00125
00126
00127
00128
00129
00130
00131
00132
00133
00134
00135
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
00148
00149
00150
00151
00152
00153
00154
00155
00156
00157
00158
00159
00160
00161
00162
00163
00164
00165
00166
00167
00148

WRITE(NS,5140) NSTARTINTER
5140 FORMAT(’OPRINTING STARTS IN CYCLE’sISs’ AND FRINTS AT INTERVALS OF
1’414y’ CYCLES')
WRITE(N6:5160) TZERD
3160 FORMAT (13HOINITIAL TIHEsF6,256H HOURS)
TZER0=3600,$TZERD
c
CEEXaxxsx PRINT AND PLOT DATA
c
CXExzkxxx JUNCTION NUMBERS FOR DETAILED PRINTOUT
READ(NS»3180) (JPRT(I)sI=1,NHPRT)
5180 FORMAT(8110)
WRITE (N&»5200)NHPRT s (JPRT(I) s I=1:NHPRT)
5200 FORMAT (32HOPRINTED OUTPUT AT THE FOLLOWING»IZ»10H JUNCTIONSs//
1 (10X,9110))
Cxxksxxkx CONDUIT NUMBERS FOR DETAILED FRINTOUT
READ{NS5+5180) (CPRT(1)s1=1,NGPRT)
WRITE(NG»5220)NQPRTs (CPRT(I)sI=1,NAPRT)
9220 FORMAT (/s11Xs’AND FOR THE FOLLOWING'»I3s‘ CONDUITS’//(10Xy9110))
Coxkxxxty JUNCTION NUMBERS FOR PLOTTING
IF {NPLT.LE.O) GO TO 100
READ (NG»5180) (JPLT(N)sN=1,NPLT)
WRITE(NAs5240) NPLTs{(JPLT(N)+N=1,NPLT)
5240 FORHAT (‘QWATER SURFACE ELEVATIONS WILL BE PLOTTER FOR THE FOLLOWI
ING ‘I3’ JUNCTIONS’//(10Xs%110))
Cxxkkxkkx CONDUIT NUMBERS FOR PLOTTING
100 IF (LPLT.LE.0) GO TO 120
READ (N5»5180) (KPLT(N)sN=1,LPLT)
WRITE(NG6s5260) LPLTs (KPLT(N) sN=1,LPLT) -
5260 FORHAT(‘OFLOY RATE WILL BE PLOTTED FOR THE FOLLOWINGsISs CONDUIT
167//7(10%:9110)3
120 CONTINUE
c
Cxxkxxkx CONDUIT DATA
C
DO 260 N=1sNDIH
READ (N3»5280) NCOND(N)s (NJUNCNsK) sK=152)sNKLASS (N) s AFULL(N)
1 sDEEP(N) yWIDE(N) sLEN(N) s (ZP (NsK) sK=152) +ROUGH(N)s STHETA(N)
2 SPHI(N)
5280 FORMAT (415,9F5.0)
IF (NCOND(N).GT.90000) GO TO 280
IF(ROUGH(N) .LE. 0.0) ROUGH(N) = 0,014
KLASS=NKLASS(N)
NKLASS=1 CIRCULAR FIPE
NKLASS=2 RECTANGULAR FIFE
NKLASS=3 HORSESHOE PIPE
NKLASS=4 EGBGSHAPED FIPE
NKLASS=5 BASKETHANDLE PIPE
NKLASS=6 TRAPEZOIDAL CHANNEL
NKLASS=7-8 ORIFICES (SEE BELOW)
G0 TO (140+160518052005220+230) sKLASS
140 RFULL(N)=DEEP(N)/4,
AFULL(N)=(3,1415926/4. YXDEEP(N)¥%2
WIDE{N)=DEEP (N)
B0 TO 240
160 RFULL(N)=(WIDE(N)SDEER(N))/ (2, XHIDE(N)+2,XDEEP(N))

[ BLr B oo B o BN o B 2r BN oo ]
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00169 - AFULL (N)=WIDE(N)KDEEF(N)

00170 GO T0 240

00171 180 RFULL(N)=0,233B1KDEER (M)

00172 G0 T 240

00173 200 RFULL{N)=0,19311%DEEF (K}

00174 G0 TO 240

00175 220 RFULL¢H)=0,28800KDEEF(N)

00174 60 TO 240

00177 230 AFULL (N)=DEEF(N)%(WIDE(N)+IEEP(N) /2. K(STHETA(N) $5FHI(N} )
00178 RFULL(N)=AFULL(N)/(WIDE(N)+IEEP (NYK(SGRT (1. $STHETA(N) X2, )
00179 1 +SORT(1.4SPHI(N)%32.)))

00180 IF(RIDE(N).LE.0.) WIDE(N) = 0.01

00181 240 CONTINUE
00182 260 CONTINUE
00183 280 NC=N-1

00184 NTC=NC

00185  CXKKY¥XXX PRINT CONDUIT DATA

00186 HRITE (M612999)

00187 HRITE(N625060) ALFHA

00188 WRITE(N6+5300)

00189 5300 FORMAT(IH »’ CONDUIT ~ LENGTH CLASS  AREA  MANNING
00190 1 NAX WIDTH DEFTH  JUNCTIONS INVERT HEIGHT T
00191 2RAPEZOID' /

00192 27X ' NUMBER (FT) (50 FT)  COEF, (FT)
00193 3 (FT) AT ENDS ABOVE JUNCTIONS SIDE SLOPE’)
00194 NSPRT=-1

00195 0 300 N=1sNC

00196 IF((ZP(N21)sEQ. 0, ) o AND, (ZP{Ns2),ERL0,)) GO TO 296

00197 60 TO 297

00198 296 IF(NKLASS(N)EQ.6) WRITE(N&»S5320)NsNCOND(N) sLEN(N) sNKLASS(H) »
00199 FAFULL(N) sROUGHCN) yHITE {N) yDEEF (M) 5 (NJUNC(N+K) 1K=120s

00200 ¥STHETA(N) 1 SFHI (N)

00201 IF(NKLASS(N) JNE. &) WRITE(N6s5321)NsNCOND(N) sLENCN) +NELASS(N) »
00202 RAFULL (N) yROUGHCN) s WIDE (M) s DEER (M) » (NJUNC(NsK) #K=142)

00203 GO TO 300

00204 297 IF(NKLASS(N),EQ.6) WRITE(NA»S322)NsNCONDCH) sLEN(N) yNKLASS(N) 5
00205 RAFULL (N) s ROUGH(N) sWIDECN) » DEEP (M) y {NJUNCNSK) 1K=1,2)

00206 X(ZP(NsK) 1K=112) sSTHETA(N) »EFHI (N)

00207 IF (NKLASS(N) oNE. &) WRITE(N&s5323)Ny NCOND(N) sLENCN) sNKLASS(N) 1
00208 FAFULL (N) rROUGH(N) yWIDE (N) »IEERCN)  (NJUNC (NS K2 1K=152)

00209 K(ZP(NsK) 1K=112)

00210 5320 FORMAT(I4sI9F9.00173F12,24F9.3sF15,29F 13,29 2% 216y

00211 ¥28Xy2F5.2)

00212 5321 FORMAT(I4s19+F9,0017)F12,2+F9.3+F13.25F13,252X2216)

00213 5322 FORMAT(I4rI9rFG.0s17yF12,24F%.3/F15,2)F13,252%521618XsF5. 2y
00214 - KFG. 28Xy 2F5.2)

00215 5323 FORMAT(I4919:F9,0+174F12.25F9.35F15,24F13,22Xs21658X+F5. 2y
00214 K2X9F5.2)

00217 300 CONTINUE

00218 ¢C

00219 Chxkxpkk CHECK FOR VIDLATION OF WAVE TRAVEL/CONDUIT LENGTH RATIO
00220 10 320 N=1,NC

00221 RATID=GORT(DEEF (N)$32, 2)XDELT/LEN(N)

00222 IF(RATID,GT. 1, YURITE(NS»53ISINCOND(N) yRATIO

00223 5335 FORMAT(’ kkkk WARNING Xk¥ (CYDELT/LEN) IN CONDUIT',

00224 1697 I574F3.1+7 AT FULL DEFTH.")
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INDATA

00225
00226
00227
00228
00229
00230
00231
00232
00233
00234
00235
00234
00237
00238
00239
00240
00241
00242
00243
00244
00245
00244
00247
00248
00249
00250
00251
00252
00253
00254
00255
00256
00257
00258
00259
00260
00261
00262
00263
00264
00265
00266
00267
00268
00269
00270
00271
00272
00273
00274
00275
00276
00277
00278

NTRNS2 FORTRAM V.5A(821) /KI/C 23-JAN-81 15121

320 CONTINUE
C
Crokxxkkx JUNCTION DATA
L
DO 380 J=1,NDIN
READ (N5»5340) JUN(J),GRELEV(J)»Z(.J)QINST(J)
3340 FORMAT (IS»3F5.0)
IF (JUNCJ).BT.90000) GO TO 400
ZCROWNC)=2(J)
JSKIF{J)=0
Cockxxxkk SET UP JUNCTION CONNECTIVITY ARRAY FRON PIPE DATA
LOC=1
SUMAL (J3=0,
DO 340 N=1,4NC
DO 360 K=1,2
IF(NJUNC(NoK)~JUNCJ)) 36093409360
340 NCHAN(JyLOC)=N
LOC=LOCH
360 CONTINUE
IF(LOC.GT.1) 6O TO 380
WRITE(NG+3350) JUNCJ)
G350 FORMAT(’O%kkk WARNING k¥kx JUNCTION'sI6s‘ IS NOT ASSOCIATED WITH ¢
N ‘ANY PIPE’)
JSKIP(J)=1
380 CONTINUE
400 HJ=J-1
C
Crxxkkkek CONVERT CONDUIT CONNECTIVITY NUMBERS TO INTERNAL SYSTEM
CEXExkxsr ASSIGN POSITIVE DOWNSTREAM FLOW CONVENTION
[0 400 N=1,NC
0 540 K=1,2
DO 500 J=1sNJ
IF(NJUNC (N+K)-JUNCJY) 50045205500
300 CONTINUE
WRITE(N6y3390) NJUNC(N+K) +NCOND(N)
3390 FORMAT(’OX¥x% ERROR XXX JUNCTION9I4s' ON CONDUIT 16, IS NOT ¢
! 'CONTAINED IN JUNCTION DATA')
NSTOP=NSTOF+1
520 NJUNC(NsK)=J
340 CONTINUE
NL=NJUNC(N»1)
NH=NJUNC(N»2)
IP(Ns1) = Z(NL) + ZR( D)
IP(Ns2)=Z{NH)+ZF(Ns2)
IF(ZP(N21)-ZP{N»2)}) 3605580580
560 TEMP=IF(Ns1)
IF (N 1)=ZP(Ns2)
ZF(Ny 2)=TENP
NJUNC(Ns1) = NH
NJUNC(N»2)=ML
NL=NJUNC(N»1)
NH=NJUNC(N+2)
580 IF((ZP(N»1)+DEEP(N)),GT,ZCROWNCNL)) ZCROWN(NL)=ZF(Ns1)+DEEP(N)
IFCCZF(Ns2) +DEEF(N) ) JGT . ZCROWNCNH)) ZCROWNCNH)=ZP(Ns2)4DEEP(N)
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INDATA NTRNS2 FORTRAN V.5A(621) /KI/C 23-JAN-81 1521

00281 IF (ZCROWN(NL) ,LE,GRELEV(NL)+0.001) GO TO 590

00282 WRITE(N6:5393) NCOND(N)s JUN(NL)

00283 ZCROWN(NL) =GRELEV(NL)-0.01

00284 NSTOP=NSTOF+1

00285 390 IF (ZCROWN(NH).LE,GRELEV(NH}$0.001) GO TO 400

00286

00287 WRITE(N6,5395) NCOND(N)+JUNCNH)

00288 5395 FORMAT(’Oxxxx ERROR Xx¥x CONDUIT’sI4»’ HAS CAUSED ZCROWN OF *
00289 . "JUNCTION’s16s" TO LIE ABOVE THE SPECIFIED GROUND ELEV,’)
00290 ZCROWN(NH) =BRELEV (NH)~0,01

00291 NSTOP=NSTOPH1

00292 600 CONTINUE
00293  Cxxrxxxkx PRINT JUNCTION DATA

00294 HRITE(N6s2999)

00295 WRITE(N6»5060) ALPHA

00296 WRITE(N6»5360)

00297 53460 FORMATC(1H »5X» ' JUNCTION GROUND CROWN INVERT QINST’
00298 115Xy 'CONNECTING CONDUITS'/7Xs ‘NUMBER'»7Xs "ELEV, 95Xy "ELEV. " 18Xs
00299 17ELEV, " ¥3Xs * (CFS)'/)

00300 D0 460 J=1sNJ

00301 HFT=0

00302 NZIF = 0

00303 DD 420 I=1,8

00304 K1 = NCHAN(J:D)

00303 IF(K1,E0.0) GO TO 440

00306 IDUK(I) = NCOND(K1)

00307 KPT=HPTH

00308  Cxxxxxxxk CHECK FOR ALL CONDUITS ABOVE JUNCTION INVERT
00309 JJ=90

00310 IF(NJUNC(K1+1) .EQ.J) JJ = 1
00311 IFCJJANE. 1Y JJ = 2
00312 IF(ZP(K1yJJ)W6T.ZCJ)) NZP = NIF-+ 1

00313 420 CONTINUE
00314 440 CONTINUE

00315 €

00316 WRITE(N625380) Js JUNCJ) »GRELEV(J)» ZCROWN (J)»Z(J)»QINST(J)s
00317 1CIDUMCK) rK=1HPT)

00318 5380 FORMAT(I4,19,F12.25F10.2,F11,2+F10.2,15X,817)

00319 IF(NZP.LT.HPT) GO TD 430

00320 WRITE(N6»D5381) JUN(S)

00321 3381 FORMAT(1X, %kkx ERROR kX% ALL CONDUITS CONNECTING'»
00322 X’ TO JUNCTION ‘»Ié»° LIE AROVE THE JUNCTION INVERT')
00323 NSTOF = NSTOP + 1

00324 450 CONTINUE

00325 QINST(J)=QINST(J)XDELT

00326 460 CONTINUE
00327 480 CONTINUE
00328 URITE(N6,53382)

0032% 5382 FORMAT(///+64(2H--)//)
00330  Crkxkxxk CHECK FOR HIGH PIPE

00331 DO 495 N=1sNC

00332 00 495 K=1,2

00333 J = NJUNC(N/K)

00334 IF(ZP(NsK) .EQ.Z(J)) GO TO 495
00335 DO 490 KK = 1,8

00336 NKK = NCHAN(JsKK)
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INDATA

00337
00318
00339
00340
00341
00342
00343
00344

00345

00346
00347
00348
00349
00350
00351
00352
00353
00354
00353
00356
00357
00358
00359
00360
00361
00362
003463
00364
00365
00366
00367
00348
00349
00370
00371
00372
00373
00374
00375
00376
00377
00378
00379
00380
00381
00382
00383
00384
00385
00386
00387
00388
00389
00390
00391
00392

NTRNS2 FORTRAN V,5A(621) /K1/C 23-JAN-81 i

wn
-
i)
ke

IF(NKK.EQ.N) 60 TO 490

IF(NKK.EQ.0.0R.NKK,GT.NC) GO TO 495

JI=0

IF(NJUNC(NKKy 1) EQ.) JJ = 1

IF(JJWNE,L) B = 2

IF(ZP (MK} ,LE,ZPENRK, JJ) + DEEP(NKK)) GO TO 495
490 CONTINUE
491 WRITE(N6+#5392) NCOND(H) » JUNC)

3392 FORMAT(’ ®kkkxx ERROR kRixkd THE INVERT OF »
£/CONDUIT' s 16,7 LIES ABOVE THE CROWN OF ALL OTHER ‘s
$'CONDUITS AT JUNCTION'»16)

NSTOP = NSTOP ¢ 1
495 CONTINUE
C
CExkkikkx STORAGE JUNCTION DATA
c
DG 640 I=1:20
READ(NGy5391) JSTORE{I)»ZTOP(I)+ASTORE(D)
9391 FORMAT(IS»2F10.0)
IF(JSTORE(I) 6T, 90000) GO 7O 445
440 CONTINUE
645 NSTORE=I-1
IF(NSTORE) 647:647:644
644 WRITE(NG6+2999)
WRITE(N6»5060) ALPHA
WRITE(Nb:5398)
3398 FORMAT(0'»27(2H- )+ 'STORAGE JUNCTION DATA’227(2H ~)s/)
WRITE(NGy3495)
5495 FORMAT(1Xy’STORAGE JUNCTION»6Xy’SURFACE AREA’s6Xs 'YOLUHE s
X6Xs 'CROWN ELEVATION' 5/526Xy " (FT2) /911X " {CF} 4 12%s " (FT)’)
CXeextkkx CONVERT TO INTERNAL NUMBER SYSTEM
DO 445 I=1,NSTORE
DO 648 J=1,NJ
IF(JSTORECT)-JUNC.D)) 648565046448
648 CONTINUE
WRITE(NG,5494) JSTORE(D)
5494 FORMAT(’OXX¥k ERROR kxkx STORAGE JUNCTION ‘»Ids‘ IS NOT
% CONTAINED IN JUNCTION DATA’)
NSTOP=NSTOP+1
650 JSTORE(I)=J
ZCRONN(S) = ZTOP(I)
IF(ZCROWN(J),67,GRELEV(S)) GRELEV(J) = ZCROWNGY) + 0.1
JSKIF(J)=0
CF = ASTORE(D)X{ZTOP(I)-Z(J))
WRITE(M&,5399) (JUNCISTORE(T} ) sASTORE(I) sCF s ZTOR(T)
3399 FORMAT(6X>I5s13XrFB:2:7X5FB. 20 10XsF 6. 2)
446 CONTINUE
NTL=NTLNSTORE
" 647 CONTINUE
C
Crpextest INITIALIZE NTC AND NTL
NTC=NC
NTL=NC
C
Cxeniexak ORIFICE DATA
c
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INDATA

00393
00394
00395
00396
00397
00398
00399
00400
00401
00402
00403
00404
00405
00404
00407
00408
00409
00410
00411
00412
00413
00414
00415
00414
00417
00418
00419
00420
00424
00422
00423
00424
00425
00426
00427
00428
00429
00430
00431
00432
00433
00434
00435
00436
00437
00438
00439
00440
00441
00442
00443
00444
00445
00444
00447
00448

NTRNS2 FORTRAN V.5A(621) /KI/C 23-JAN-B1 13i1

10 690 I=1:+40
N=NTC+I
READ(NSs5400) (NJUNC(NsK)1K=1,2) +HKLASS(N)y AORIF (N} sCORIF (N},
¥ZP(Ns1)
3400 FORMAT(315,3F5.0)
IF(NJUNC(Ns1).GE. 90000} 60 TO 693
490 CONTINUE
695 NORIF = I-1
NTC = NTC + NORIF
NTL = NTL + NORIF
790 IF(NDRIF) 69616241697
£97 WRITE(NG6+5420)
DD 780 I=1,NORIF
N = NTC - NORIF + I
WRITE(N625440) (NJUNC{IsK) 1K=152) s NKLASS(N) »ADRIF(1)s
$CORIF(I)>ZF(Is1)
C
CHEXkxxkx CONVERT TO INTERNAL NUMBER SYSTEM
LORIF(I)=N
NCONDMH)=N$20000
DEEP(N)=50GRT (4. ¥AORIF(N)/3.14159)
WILDE(N)=DEEP(N)
AFULL (N)=AORIF (N)
RFULL(N)=DEEP{N)/4,
CLEN=2, ¥DELTXSGRT (32, 2XDEEP (N))
LEN (1) =ANAX1 (200, +CLEN)
ROUGH(N)=1,49XRFULL (N) X%, 67/ (CORIF (NIXSART(LEN(N) %64, 4))
NKLASS(N)=NKLASS(N) 46
c NKLASS(N)=1, NKLASS(N)=7 - SIDE OQUTLET
C NKLAGS(N)=2» NKLASS(N)=B - BOTTOM DUTLET (SUNP)
Cxxxopk SET ZP(Ns1) FOR BOTTON OUTLET
IFCNKLASS(N) EGQ, 8) ZP(N»1)=-0,96XDEEF(N)
b3 770 K=1,2
DO 700 J=1:MJ
IF (NJUNCENL K)-JURCD)) 700:720:700
700 CONTINUE
WRITE{NS»5450) NJUNC(N,K)
5450 FORMAT(’OXt¥x ERROR ¥¥%t ORIFICE JUNCTION’:Ié,* IS NOT CONTAINED ‘
. ‘IN JUNCTION DATA')
NSTOP=NSTOP+1
720 NJUNC{NsK)=J
Dok SET ZP(Ns1) AND ZP(N:2) ELEVATIONS
IF(K.EQ.2) GO TO 729
P (NsK)=ZP(NsKIHZ(D)
IP(Ns2) = ZP(Ns1) - 0.1
725 CONTINUE
L
Cevvs CHECK GROUND ELEVATION
IFC(ZF(NsK) +DEEPCN) LT, GRELEV(J}) 60 TO 730
WRITE(NGs3453) JUN(D)
5455 FORMAT(‘O%kkx ERROR ¥¥¥% ORIFICE TOP LIES ABOVE GROUND ELEVATION
+ AT JUNCTION'y17)
NSTOP=NSTOPH1
L
730 CONTINUE
D0 740 KK=1,8
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INDATA NTRNS2 FORTRAN V.5A(621) /KI/C 23-JAN-81 15321

00449 IF (NCHAN(JsKK)) 76057605740
00430 740 CONTINUE

00451 760 NCHAN(JsKK)=N

00452 770 CONTINUE

00453  Crxxkkyxx CHECK GRAVITY FLOW DIRECTION

00454 IF(ZP(Ns1) .GT. ZP(N,2)) GO TO 780

00455 J2=NJUNC(N:2)

00456 WRITE(NS,5458) JUNCJD)

00437 5458 FORMAT(‘O%X¥x¥ ERROR X¥xxx ORIFICE OUTLET AT JUNCTION',17, ‘IS
00458 IHIGHER THAN INLET)

00459 NSTOP=NSTOP+1

00460 780 CONTINUE
00461 5420 FORMAT(’0’s28(2H- )+ ‘ORIFICE DATA'+28(2H -)+/»

00462 K14Xy * JUNCTION 218Xy ' TYPE'» 20Xy ‘AREA» 18X» 'DISCHARGE ' »
004563 ¥13Xy "HEIGHT ABOVE’»/s10Xs ‘FROM’ 99Xy 'T0O/939%s‘ (FT2) '
00464 ¥18X, “COEFF. »17X» " JUNCTION')

00465 5440 FORMAT(9XsI5s7Xs15:14Xs14218XrF7,2:18XsFb.4s

00464 ¥10XsF6,3:4XsF6,3)

00467 496 CONTINUE

00468 C

00449  Crrxxkkxk WEIR DATA

00470 C

00471 Cxxxx THIS ROUTINE HAS BEEN MODIFIED TO TRANSFER
00472  Cxxxx WEIR DISCHARGES FROM NODE TO NODE RATHER
00473 Cxxxx THAN FROM NODE TO CONDUIT

00474 D0 820 I=1,60

00475 N=NTC+I

00476 READ(NT»5460) (NJUNC(NsK)sK=1,2)sKWEIR(I)YCREST(I)»YTOF(I)»
00477 2 WLEN(I),COEF(I)

00478 5460 FORMAT(3I5+4F5.0)

00479 IF(NJUNC(N»1),BE,90000) GO TO 840

00480 820 CONTINUE

00481 B40 NWEIR=I-1

00482 IF(NBEIR) 1040,1040,860

00483 B&O WRITE(N6»5480)

00484 5480 FORMAT(//y‘07929(2H- )»’WEIR DATA's29(2H -)s//s

00483 ¥8Xs “ JUNCTION’ p17Xs ‘LINK’» 11Xy TYFE/ »11X¢ ‘CREST' 11X ‘WEIR'»
00486 X11Xs "WEIR? »9Xs ' DISCHARGE * » /92X s ' FROM' 112Xy TQ' #12X»

00487 X' NUMBER 9 23Xy "HEIGHT(FT)‘ 57X+ * TOP(FT)* 56X+ ‘LENGTH(FT) s
00488 XB8X» /COEFF, ) '

00489 5487 FORMAT(1XyI9910Xs15212XsI5s11XyI2912XsF5:2010XsF5:2s
00490 ¥10XyF3,2¢10XsF5,2)

00491 B0 1020 I=1,NWEIR

00492 N1=NTC+I

00493 LWEIR(I)=N1

00494 NCOND(N1)=90000+N1

00495 COEFS(I)=0,

00494 WRITE(NA»5487) (NJUNC(N1sK) yK=152) s NCONIH(NT ) yKMEIRCI)
00497 SYCREST(I)sYTOP(I) JMLENCI) »COEF ()
00498 D0 875 K=1,2

00499 IF(NJUNC(N1:K) .EQ.0) 6O TO 875
00500 B0 870 J=1,NJ

00501 IF (NJUNC(i1.K) .EQ.JUN(J)) GO TO 871
00302 870 CONTINUE

00503 WRITE(N655490) NJUNC(N1sK)

00304 5490 FORMAT(’O%x¥xx ERROR XX WEIR JUNCTION’sIéy‘ IS NOT CONTAINED IN J
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00505 2UNCTION DATAY)
00506 NSTOP=NSTOP+1
00507 871 NJUNC(N1:+K)=J
00508 DO 873 KK=1,8
00509 IF (NCHAN(JsKK)) 874,874,873

00510 873 CONTINUE

00511 874 NCHAN(JsKK) = M1
00512 875 CONTINUE

00513 1020 CONTINUE

00514 NTL=NTLHWEIR
00515 1040 CONTIMUE
00516 C
00517  CXRREEEXX PUHP DATA
00518 C
00519  Cx¥xx NOTE -- ONLY ONE INFLUENT PIPE MAY HE CONNECTED TO A FUNP NOLE
00520 DO 1060 I=1,20
00521 N=NTL+I
00522 READ(H9s5540) (NJUNC(N#K)sK=1:2)y IPTYP(I)sYBELL (T},
00323 K(PRATE(TSK) 1K=153) » (VRATE(1+K) sK=1,3)
00524 5540 FORMAT(3ISs7F5.0)
.00525 C
00526 C IPTYP = 1 OFF-LINE PUNP DPERATES ON WET WELL VOLUKE
00527 C
00328 C IPTYP = 2 IN-LINE PUHP DPERATES OM HEAD AT JUNCTION
00329 C
00530 IF(NJUNC(N+1) ,GE,90000) GO TD 1080

00531 1060 CONTINUE

00332 1080 NPUMP=I-1

00533  CHxxxixsy PRINT PUMP NODES

00534 IF(NPUKP) 1260,1260,1100

00335 1100 WRITE(N6+5560)

00536 5540 FORMAT(70’929(2H- )5 "PUMP DATA’$29(2H -)s/y

00537 ¥AXy ' JUNCTIONS s8Xs “TYFE’ 99Xy ' INITIAL VOLUME’ 514Xy
00538 -4’PUKP RATEs CFS‘515X» "VOL STAGESs FT3's11X»'WET WELL's
00539 X/9 2%y "FRON’ »3Xs " TO' v 21X "IN WELLs FT3 211X 17511Xs’2"
00540 B11Xs 73 910Xy 17 919Xy 27y 11X+ 'VOLUKEs FT3')

00541 DO 1120 I=1:NPUNP

00342 N=NTL+I

00543 1120 WRITE(NAs5380) Is(NJUNCINsK)sK=152)sIPTYP(I) WHELL(I)Y
00544 X(PRATE(IyK) sK=113) s (URATE(TsK) yK=153)

00545 5580 FORMAT(1XsISs3XsI1596XsI5s10XsF10,0+8XsF10,0+1Xs

00344 ¥F10,051XsF10.0+3XsF10,021XsF10.057XsF10.0)

00547  Caxxxxsx CONVERT TO INTERNAL NUMBER SYSTEH

003548 D0 1240 I=1,NPUNP

00349 N=NTL4I

00550 LPUNP (1) =N

00551 NCOND(N)=N+90000

00552 DO 1220 K=1,2

00353 DO 1140 J=1,NJ

00554 IF (NJUNC(NyK)-JUNCJ)) 11405116051140

00555 1140 CONTINLE

00554 WRITE(N6»3990) NJUNC(NsK)

00557 5590 FORMAT(’OXkkX ERROR X¥xX FUNP JUNCTIDM’I&y’ IS NOT CONTAINED IN *
00558 . ‘JUNCTION DATA’)

00559 NSTOP=NSTOPH

00560 1160 NJUNC(NsK)=J
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INDATA NTRNS2 FORTRAN V.3A(621) /K1/C 23-JAN-B1 1521

00561 00 1180 Kk=1,8

00562 IF(NCHANCJSRK) Y 1200412001180
00563 1180 CONTINUE

00564 1200 NCHAN(JsRK)=N

005635 IF(KK.LE.2) GO TO 1220
00566 IF(K.EQ.2) GO TO 1220
00567 WRITE(N6,5595) JUN(D)

00568 5595 FORMAT(’Oxkxk ERROR xkkX HORE THAN ONE FIPE IS INFLUENT TO PUNF JU
00249 SNCTION “516)

00570 NSTOP=NSTOF+1

00571 1220 CONTINUE

00572 Cxkpkxkkk SET JSKIP AND INFLOW INDEX FOR FUMP NDRE

00573 JP=NJUNC(N»1)

00574 JOKIPLJFY = 0

00575 IFCIPTYP(I) .EQ.2) GO TO 1235
00576 JSKIF(JF) = 1

00577 Z(JF) = -100,

00578 1235 CONTINUE

00379 JPFUL(T)=1

00380 C

00381 1240 CONTINUE

00382 NTL=NTLNPUKF

00583 1260 CONTINUE

00384 C

0058%  Cikpokkks OUTFLOW DATA FOR OUTFALLS WITHOUT TIDE BATES
00586 C

00587 D0 1280 1=1,25

00588 REAINS»5600) JFREE(D)

00387 5600 FORMAT(IZ)

00590 IF(JFREE(I).GE,90000) GO TO 1300

00591 1280 CONTINUE

00592 1300 NFREE=I-1

00593 Ckixkakkk PRINT OUTFLOW NOBES

00594 IF(NFREE) 1400,1400,1320

00595 1320 WRITE(NGS616)

00596 3616 FORMAT(//+'0’y27(2H- )s’FREE OUTFALL DATA’»27(2H -)//)
00397 WRITE(N6y2620) (JFREE(I),I=1,NFREE)

00598 5620 FORMAT (10X, ‘FREE OUTFLOW AT JUNCTIONS's4X»917/(39Xs917))
00599  Ciokkkgkx CONVERT TO INTERMAL NUMBER SYSTEM

00600 1340 DD 1390 I=1,NFREE

00601 D0 1360 J=1,NJ

00602 IF(JFREECI)-JUNCJ)) 1360138051360
00603 1360 CONTINUE

00604 | WRITE(N6s5630) JFREE(I)

00605 5630 FORMAT('Okkkk ERROR ¥kkk FREE OUTFALL JUNCTION'»I6s’ IS NOT '
00606 ' "CONTAINED IN JUNCTION DATA')
00607 NSTOP=NSTOPH1

00608 1380 JFREE(I)=J

00609 N=NTLHI

00610 NJUNC(N#1)=J

00611 NJUNC Ny 2)=0

00412 NCHAN(J»2)=N

00613 NCONDI(N)=N+90000

005614 JSKIP{H=1

00615 1390 CONTINUE

00616 NTL=NTL4NFREE
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00617 1400 CONTINUE

00618 C

00619  CxxRkkxsx QUTFALL DATA FOR OUTFALLS WITH TIDE GATES
00620 C

00621 DO 1420 I=1,25

00622 READ(NS»3640) JGATE(I)

00623 5640 FORMAT(IS)

00624 IF (JGATE(I).GE.90000) GO TD 1440

00625 1420 CONTINUE

00626 1440 NGATE=I-1

00427  Cexxixsxt FRINT TIDE GATE NODES

00628 * IF(NGATE) 1520152041460

00429 WRITE(N6»5656) _

00630 5656 FORMAT(//+*0’y25(2H- }+/TIDE GATE OUTFALL DATA'»25(2H -)://)
00631 1460 WRITE(NA»5460) (JGATE(I)I=1/NGATE)

00632 5660 FORMAT(10X,’PIFE OUTFALLS WITH TIDE GATES AT JUNCTIONS',817/
00633 ¥(52Xs8I7))

00634  Cxxikyrkx CONVERT TO INTERNAL NUMBER SYSTEM

00635 Do 1510 I=1sNGATE

00636 DO 1480 J=1,NJ

00637 IFCIGATECD)-JUNGD)) 148051500,1480
00638 1480 CONTINUE

00639 WRITE(NS»D862) JGATE(])

00640 5662 FORHAT(‘OXxkx ERROK %XX¥ TIDE GATE JUNCTION‘»Ié»’ IS NOT /
00641 'CONTAINED IN JUNCTION DATA)
004642 NSTOP=NSTOF+1

00643 - 1500 JGATE(I)=J

00644 N=NTL+!

00645 NJUNC{Ns1)=J

00646 NJUNC (Ny2)=0

00647 NCHAN(Js2)=N

00648 NCOND(4)=N120000

00649 JSKIP(.)=1

00650 1510 CONTINUE

00451 NTL=NTLNGATE

00452 1520 CONTINUE
00653  CHxxkxikk INTERNAL CONNECTIVITY INFORMATION

00654 WRITE(N6»2997)

00635 WRITE(NG+30460) ALFHA

00654 WRITE(N6y3663)

00657 G660 FORMAT (//77°0%»23(2H~ )»’ INTERNAL CONNECTIVITY INFORMATION',
00458 2302H )/

00459 WRITE(N6»5670)

00660 5470 FORMAT (° CONDUIY JUNCTION JUNCTION'/)
00461 Ni=NCH1

00662 DD 1325 N=N1sNTL

00663 J1=MJUNC(Ns 1)

00664 J2=NJUNC (N5 2)

006635 IF(J2,67.0) J2 = JUN(J2)

00666 WRITE(N6»5675) NCONDHN) o JUNCJ1) 902

00667 5673 FORMAT(4XsI11,2113)

00668 1525 CONTINUE

00667 1527 CONTINUE

00670 IF(NJ.LE.NDIN} GO TO 1530

00671 WRITE(NA»5676)

00672 5476 FORMAT('OXk¥% ERROR ¥kk¥ TOTAL NUMBER OF JUNCTIONS{INCLUDING WEIRS
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00673
00674
00675
00674
00677
00678
00679
00480
00481
00682
00483
00684
00685
00486
00687
00688
00689
00690
00671
00692
00693
00694
00695
004696
00697
00498
00699
007¢0
00701
00702
00703
00704
00705
00706
00707
00708
00709
00710
00711
00712
00713
00714
00715
00714
00717
00718
00717
00720
00721
00722
00723
00724
00725
00726
00727
00728

+} EXCEED PROGRAM DIMENSIONSs NJ='»I4)
NSTOP=NSTOP+1
1530 CONTINUE
IF(NTL.LE.NDIM) 60 TO 1535
WRITE(N6:5677) NTL
5677 FORMAT(‘0%x2% ERROR ®¥3% TOTAL NUMBER OF LINKS EXCEEDS PROGRAM LIN
+ENSIONSNTL="+14)
NSTOP=NSTOP+1
1533 CONTINUE

C
Craxxerkk TIDAL ROUNDARY DATA
[
READ(NG»5720) NTIDEsA11A29A30A4:A51A61A7 M
5720 FORMAT (I5,8F5.0)
GO TO (1800,1790,1780,1760) sNTIDE

NTIDE=1 NO CONTROL WATERSURFACE AT THE OUTFALLS
2 OQUTFALL CONTROL WATERSURFACE AT CONSTANT ELEVATION=A1
3 TIDE COEFFICIENTS READ IN
4 COMPUTE TIDE COEFFICIENTS

Lo 2 wr K 2 B o N 2e B8 or |

1760 READ(NG»5740) KOsNIsNCHTID
5740 FORMAT (3I5)
READ (N3»5760) (TT(I)sYY(I)sI=1sNI)
5760 FORMAT (8F10.0)
CALL TIBCF(KDsNI+NCHTID)
60 TO 1800
1780 WRITE(NG:5780) A11A2:A3:A41R5:A61A71H
H=2.43.14159/4
5780 FORMAT{’OTIDAL COEFFICIENTS,’s7F10,4/'0TIDAL PERIOD (HRS).’s FB8.2)
60 TO 1800
1790 WRITE(N6»35790) At
5790 FORMAT(’ODUTFLOW CONTROL WATER SURFACE ELEVATION I1S7:F7.2s' FEET")
1800 CONTINUE
W=U/3600.
C
Cxxkgxksd SET PRINT © PLOT ARRAYS IN INTERNAL NUMBER SYSTEM
DO 1550 K=1,NOPRT
DO 1540 N=1,NTC
IF(NCOND(N)-CPRT(K)) 1540,1545s1540
1540 CONTINUE
WRITE(N6y5678) CPRT(K)
3678 FORMAT(O0%xx¥ ERROR ¥xxx CONDUIT’,I6," REQUESTED FOR PRINTOUT IS ¢
NOT CONTAINED IN CONDUIT DATA)
NSTOP=NSTOP+1
1545 CPRT(K)=N
1350 CONTINUE
IF(LPLT) 1640+184051560
1360 D0 1620 K=1sLPLT
DO 1580 N=1sNTL
IF (NCOND(N)-KPLT(K)) 1380,1600,1580
1580 CONTINUE
WRITE(N6y3680) KPLT(K)
5680 FORMAT(’O%%%x ERROR *¥xk CONDUIT’»I6»’ REGUESTED FOR PLOTTING IS /
. ‘NOT CONTAINED IN CONDUIT DATA’)
NSTOP=NSTOP#1
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00729
00730
00731
00732
00733
00734
00735
00736
00737
00738
00739
00740
00741
00742
00743
00744
00745
00744
00747
00748
00749
00750
00751
00752
00733
00754
00735
00736
00757
00758
00759
00740
00761
00762
007463
00764
007465
00764
00747
00748
00769
00770
00771
00772
00773
00774
00775
00774
00777
00778
00779
00780
00781
00782
00783
00784

60 TO 1620

1600 KPLT{(K)=N

1620 CONTINUE

1640 10 1660 I=1;NHPRT
D0 1650 J=1,NJ
IF(JUNCH -JPRTCI)) 14650,165551650

1650 CONTINUE
WRITE(NS»3E90) JPRT(I)

3650 FORMAT(’Oxkxx ERROR ¥%kx JUMCTION'»Iés’ REQUESTED FOR PRINTOUT *
' ‘IS NOT CONTAINED IN JUNCTION DATA')
NSTOP=NSTOP+1

1655 JPRT(I)=M

1660 CONTINUE
IF(NFLT.LE.O) GO TO 1740
10 1720 N=1,NPLT
[0 14680 J=1,NJ
IF (JUNCD LEQ.JPLT(N)) GB TD 1700

1680 CONTINUE
WRITE(N&y5700) JPLTIN)

S700 FORMATC’O%¥¥K ERROR Xkk¥ JUNCTION,Ié+’ REQUESTED FOR PLOTTING ‘
. ‘IS NOT CONTAINED IN JUNCTION DATA’)
NSTOP=NSTOP+1
60 TO 1720

1700 JFLTIH) = J

1720 CONTINUE

1740 CONTINUE

€
CRRXRxxkx CONDUIT INITIALIZATION
0§ 1820 N=1sNTC
1820 ROUGH(N)=32, 2¥ROUGH(N)®X2/2,208
1824 CONTINUE
c
CXxek READ AND WRITE INITIAL FLOWS,VELOCITIES: ANEG HEADS
Criet  FOR ALL CONDUITS AND JUNCTIONS (INCLUDING INTERNAL).
£
WRITE(NG&»2999)
WRITE(N&s5040) ALFHA
WRITE(N6»11)
11 FORMAT(IXs20(2H- )y’ SUMMARY OF INITIAL HEADS, FLOWS AND
¥ VELOCITIES “»32(2H- )»/)
READ(NG» 10) (R{NY sV{NY »N=1+4)
IF (Q(1),LT.99999.) GO 7O §
IB7I1=1,NL
a<11=0,
V(1)=0,
7 CONTINUE
p8Jd=1,N
Yy = 0,
8 CONTINUE
WRITE(N»31)
G0 10 32
5 CONTINUE
IF(NTC.LT,5) 60 TO &
REAB(NGs10) (QLN)sV(N) s N=3+NTL)
b READ(NS»10) (Y(D)rd=1,NJ)
10 FORMAT(BF10.0)
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00785
00784
00787
00788
00789
00790
00791
00792
00793
00794
00793
00794
00797
00798
0079%
00800
00801
00802
00803
00804
00805
00804
00807
00808
00809
00810
00811
60812
00813
00814
008135
00814
00817
00818
00819
00820
00821
00822
00823
00824
008235
00826
00827
00828
00829
00830
00831
00832
00833
00834
00835
00836
00837
00838
00839
00840

L

HRITE(HA/1D)

12 FORWAT(IHO+CONDUIT NODo /3%y 'FLOWCCFS) “ p3Xs “VELOCITY(FPS) /57Xy 'CON
1DUIT NO. 7 3Xs ‘FLOWCCFS) 7 » 3Xs ‘VELOCITY(FPS) /o 7Xs CONDUIT NO.793Xs‘F
2LOWCCFS) 7 s 3% "VELOCITY(FPS) ' // -
Jommty 7Xs? y
47X’ 11N

DO 15 KKK=1sNTLs3
KSTOP=KKK+2
IFCKSTOP «GT NTL) KSTOP=NTL

15 WRITE(NAs16) (NCOND(KK) s RRK) sU(KK) s KK=KKKyKSTOF)

14 FORMAT(AXs IS 8XsFSo 1o MXsF 3o 1o 14Xe I50BXsF S 1s9XoF S 19 14X I598XsF5,1
219%sF3: 1)

HRITE(NG2999)
WRITE(NGS040) ALFHA
HRITE(NG20)
20 FORMAT(1X»246(2H- )+’ SUMMARY OF INITIAL DEPTHS *926(2H- )2/}
WRITE(N6#22)

22 FORMATCIHO»7Xs “JUNCTION NO,‘»3Xs 'DEPTHCFT) /o 7%y * JUNCTION NO.‘»
E3Xs "DEPTHCFT) 7% JUNCTION NGo 7y 3Xs DEPTH(FT) 9 7%y
37 JUNCTION NO« /23Xy ‘DEFTH(FT) /5 /4BXs / ~mm e
937X’ i

B0 25 KKK=1»MJs4
RETOP=KKK$3
IFCKSTOP 6T .NJ) KSTOP=NJ

2% WRITE(NA»26) ( JUNCKK) 5 Y CKK) o KK=KKK s KSTOF)

26 FORMAT(A(1IXs IS¢ PUFS. 1)) ‘

J1 FORMAT(///+1Xs "INITIAL HEADS, FLOWS AND VELOCITIES ARE ZERD")

32 CONTINUE

Caexbkggx HYDROGRAPH INPUT INITIALIZATION

C

C

TP=TZERD
TEO=TZERD

B0 1840 L=1,NDIN
ISH{L)=0

0D 1840 K=1,2

1840 QTAPE(LsK)=0,

00 1841 L=1,20
JOR{L)=0
D0 1841 K=1,2

1841 GCARD(LsRI=0.

CRERERREX INPUT HYDRDGRAPH INFORMATION (TAPE)

IF(N21) 1940,1940,1860

1860 CONTINUE

REWIND §21

READ(N21) TITLE

READ(NZ1)  NSTEPSsHJSH, INGUAL 211 +1025D3
READCNZL) (ISH(L}sL=1,HJ5H)
BRITE(N6»2999)

HRITE(HS»5060) ALPHA

CREzieisx COMVERT TO INTERNAL NUMBERS

DO 1920 L=1,MJ5H
00 1880 J=1,HJ
IF(ISH(L)-JUNCS)) 1880,1900,1882

1880 CONTINUE
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00841 WRITE(NG»S5B20) ISH(L)

00842 5820 FORMAT(’OPROGRAM CANNOT MATCH HYDROGRAPH AT NODE‘»I7,‘ TD JUNCTION
00843 1 DATA’)

00844 NSTOP=NSTOP+1

00845 G0 T0 1920

00845 1900 ISW(L)=J

00847 1920 CONTINUE

00848  Ckkkkxgxr READ FIRST TWO HYDROGRAPH RECORDS

00849 READ(N21) T20, (QTAPE(Ls1)sL=1,MJSH)

00850 TPT = T20/34600.

00851 WRITE(NGs5B00) TPT.MJSH

00852  5B00 FORMAT(’O%Xxxsk SYSTEM INFLOWS (TAPE) AT ’yF8,2s‘ HOURS FOR '»
00833 RIS+’ JUNCTIONS's/+50Xs* JUNCTION/INFLOW(CFS)/+/)

00854 WRITE(N6s5B30) € CJUNCISH(L) ) +ATAPE(Ly1))sL=1sHJSK)

00855 READ(NZ1) T2 CQTAPE(Ls2)sL=1+KJ5H)

00854 TPT=T2/3600,

00857 WRITE(NG,5810) TPT

00858  SH10 FORMAT(’OXkxxxx SYSTEM INFLOWS (TAPE) AT ‘»FB.2+‘ HOURS’s
00859 L Y { JUNCTION / INFLOM: CFS)'+/)

00860 WRITE(N6,5830) ((JUNCISW(L) ) QTAPE(Ls2))sL=1sHJSH)

00841 NINREC=2

00B&2 €

00843  CXKXRXXXX INPUT HYDROGRAPH DATA (CARDS)’ TYPE L

00864 C

00865 1940 IF(NJSH) 2040,2040+1960
00866 1940 READ(NS,5860) (JSWIL)sL=1,NJSH)
00867  5B60 FORMAT(161%)

00848 WRITE(NA52999)

00869 WRITE(N6s5060) ALFHA

00870  CRexxtyxx CONVERT TO INTERNAL NUMBERS
00871 DD 2020 L=1:NJSW

00872 DO 1980 J=1,NJ

00873 IFCJSHILI-JUNCD)) 198042000,1980
00874 1980 CONTINUE

00875 WRITE(N6»5820) JSW(L)

00876 NSTOP=NSTOP+1

00877 60 TO 2020

00878 2000 JSW(L)=J
00879 2020 CONTINUE
00880 Cxktxxxkx READ FIRST TWO HYDROGRAPH RECORDS

00881 READ(NS3s3%00) TEOGs(QCARD(Ls1)+L=1sNJSH)

00882 5900 FORMAT(BF10.0)

00883 WRITE(N&,5829) TEDsNJSW _

00884 WRITE(N6s5830) ((JUNCJISW(L) ) ACARTHL 1)) sL=1,NJSH)

00885 5829 FORMAT(’Oxkxtkk SYSTEM INFLOWS (CARDS) AT/sFB.2+' HOURS',
00886 ¥ FOR'+I3s" JUNCTIONS »//)

00887  5B30 FORNATC1XsIDs'/’9oF7,297(3Xs1307/79F7.20)

00888 READ{NG»5900) TE» (GCARD(L+2)sL=1,NJSH)

00889 WRITE(NAs5831) TE

00890  5BI1 FORMAT(’O%sxk%x SYSTEM INFLOWS (CARDS) AT’,FB.2+’ HOURS'»
00891 % ( JUNCTION / INFLOWCFS )'4/)

00892 C

00893 WRITE(NS,5830) ((JUNCJSW(L))sACARD{L2) ) sL=1,NJSW}

00894 TED = TEOX3400,

00895 TE=TEX3400,

00894 TINEO=TED
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00897 2040 CONTINUE

00898 IF(NSTOP.ER.0) GO TO 2040

00899 WRITE(N6s5920)NSTOP

00900 5920 FORMAT(’Ox¥xtkxxx EXECUTION TERMINATED BECAUSE OF ‘s
00901 X125 DATA ERROR(S) HAKEXKKX')

00902 sTop

00903 2060 CONTINUE

00904 €

00905 RETURN

00906 END
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HAIN,

00001
00002
00003
00004
000035
00004
00007
00008
00009
00010
00011
00012
40013
00014
000135
00014
00017
00018
00019
00020
00021
00022
40023
00024
00025
00026
00027
00628
00029
00030
40031
00022
(0033
00034
00033
00034
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
(0048
00049
000350
000351
00052
00053
00054
00035
000534

NTRNSZ FORTRAN V.5A(421) /KI/C 23-JaN-81 15121 PAGE 1
SUBROUTINE INFLOW
¥
£ THIS SUBROUTINE SELECTS THE INPUT HYDROGRAPH
C ORDINATE FROM TAPE AND/OR CARDS
£
CONMON/FILES/ NSsN&sN21sN22:NPOLL
COMMON/CONTR/ NTCYC,DELTQDELTsDELT25 TZERDy ALPHA(3O0) y
1 NJeNCoNTCoNTLy ICYCoNJSWs MJSHs TIMEy TINE2 s AL A21A35R40A51A61A7 1 W
»
COMMON/ JUNC/Y (187} 1 YT(187) s NCHAN(187,8)5A5(187) , Z(187),BIN{187)
1 BOUC187),QINSTC187),GRELEV(187)5 JUN(187) s ZCROWN(187) 5 JSKIF(187)
2 ySUNALC187)55UMR(187) ,SUMBS(187) s ASFULL(187)
c :
C
£
CONMON/HYFLOW/ TI5W(187)OTAPE(187+2) 5 JSH(A5) 1 BCARTI(45+2) s
1 WATSH(187) s TEDs TR T2+ TE, T20, TIKED,NSTEPS,NINREC
£
L EXECUTION
€
D8 100 J=1+NJ
100 RINC=RINST(D)
C

Chpkitkkk TAPE VALUES FROM WATERSHED MODEL ARE INTERFOLATED
IF(MJSH) 2805280,120
120 CONTINUE
IF (TZERD-T2) 135,125+125
Chikppikd NEW INPUT DATA RERUIRED
125 CONTINUE
T20=T2
TF=T20
10 130 L=1,+MJ5HW
130 OTAPE(L,1)=GTAFE(L,2)
IF (NINREC-NSTEPS) 132,132,131
131 WRITE(N&,4980)

4980 FORMAT (707»’ TZERD IS LATER IN TIME THAN LAST RECORD ON TAPE FROM

1 HATERSHED')
5TOP -
132 CONTINUE
READ (N21)} 125 (QTAPE{Ls2)sL=1,M.JSH)
TPT=T2/3600.
NINREC=NINRECH1
HRITE(NG»4999)

4997 FORMAT(/ 21X+ 64(2H- )2//)
HRITE(N&25000)TPT
HRITE(N6s5830) COJUNCISHCLY ) s BRTAPE(Ls2)) s L=1+HJISK)
50 10 120

135 CONTINUE
IF (TIME-T2) 22051405140

140 10 160 L=1sKJ5H
J=ISWIL)
SLOPE=(QTAPE(Ly2)-ATAPE(L:13)/{T2-T20)
Q1=RTAPE(Ls1)+SLOPEX(TP-T20}
[2=0TAFE(L,2)

160 QIN(H=0IN(IH0. SRRI4HR2IR(T2-TP)
T20=12
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00057 TP=T20

00058 D0 180 L=1,HJSW

00059 180 QTAPE(L»1)=QTAPE(L,2)

00040 IF (NINREC-NSTEFS) 2002205220

00041 200 READ(N21) T2y (QTAPE(L»2)sL=1sM.JSH)

00042 TPT=T2/3600.

00043 NINREC=NINREC+1

00044 WRITE(N6s4999)

00045 WRITE(NS»D000) TPT

00066 5000 FORMAT(/’O%xxkkx SYSTEM INFLOWS (TAPE) AT'»FB.2+' HOURS»
00067 L o ( JUNCTION / INFLOW: CFS)‘s/)

00048 WRITE(N6>5830) ( CJUNCISWCL) ) sBTAPE(Ls2))sL=1,M.JSH)
00049 60 TO 120

00070  CAXRXx¥kx NO NEW INFUT DATA REQUIRED
00071 220 DO 240 L=1,MJS¥

00072 J=ISH(L)

00073 5LOPE=0,

00074 IF(T2,6T.T20) SLOPE=(QTAPE(L,2)-QTAPE(L»1))/(T2-T20)
00075 Q1=0TAPE(L+1)+SLOPEX(TP-T20)

00076 02=QTAPE(Ls1)+5LOPEX{ TINE-T20)

00077 240 QINCD=QINCI)$0.5%(Q1+Q2) X (TINE-TF)

00078 TP=TINE

00079 €

00080  Chxxxxxxk CARD INPUT’ VALUES ARE INTERPOLATED
00081 280 IF(NJSW) 420,420,300

00082 300 CONTINUE

00083 IF (TZERO-TE) 335+320,320

00084  Ckxxxxikx NEW INPUT DATA REQUIRED

00085 320 CONTINUE

00085 TEO=TE

00087 TIMEO=TEQ

00088 D0 325 L=1sNJSHW

00089 325 GCARD(L+1)=QCARD(Ly2)

00090 READ(NGs5020) TEs (QCARD(L2)sL=1,NJSW)
00091 C

00092 WRITE(NG»4999)

00093 WRITE(N6»S831) TE :
00094 5831 FORMAT(’OXkkxxk SYSTEM INFLOWS (CARDS) AT'»F8.2" HOURS'»
00095 ¥ ( JUNCTION / INFLOWsCFS )'3/)

00076 €

00097 WRITE(N&»5830) C(JUNCJSWCL))»QCARD(Ls2) ) sL=1sNJSH)
00098 5830 FORMAT(3XsI5s'/'sF7.257(3Xs15:7//9F7.2))
00099 WRITE(N6,5832)

00100 5832 FORMAT(//)

00101 TE=3600.XTE

00102 60 70 300

00103 335 CONTINUE

00104 IF (TIME-TE) 380,338,338

00105 338 CONTINUE

00104 DO 340 L=1,NJSW

00107 J=JSHIL)

00108 SLOPE=(QCARD(L»2)~ACARD{L,1)}/(TE-TED)
00109 A1=ACARD(Ls1)+SLOPEX(TINED-TED)

00110 12=0CARD(Ly2)

00111 340 QINCJI=QINCD)+0,5%(01+02)%(TE-TINED)

00112 TEO=TE
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00113 TIMEQ=TED

00114 DD 340 L=1,NJSM

00115 360 QCARD(L»1)=0CARD(L,2)

00116 READ(NG»5020) TEs (RCARD(L92)sL=1sNJSW)
00117 WRITE(NG,4999)

oo118 WRITE(N&»5831) TE

00119 WRITE(N6»5830) ¢ (JUNCJSW(L))»QCARD(L+2) ) sL=1sNJSH)
00120 TE=3600.4TE

00121 WRITE(N6,5832)

00122 5020 FORMAT(8F10.0)

00123 G0 10 300

00124  CERXki¥i% NO NEW INPUT DATA REQUIRED
00125 380 DO 400 L=1sNJSW

00126 J=JSH(L)

00127 SLOPE=(GCARD(L»2)~GCARD(Ly1)) /(TE-TED)
00128 01=0CARD(L 1) +SLOPEX(TINED-TED)

00129 02=0CARD(L+1)45LOPEX( TINE-TED)

00130 TTT=TINE-TINED

00131 IF (TTT.GT.DELT) TTT=DELT

00132 400 QIN(J)=QIN(J)+0,5%(01+G2)STTT

00133 TINEO=TINE

00134 ¢

00135 420 0 440 J=1)NJ
00134 440 QINCJ)=QIN¢J)/DELT
00137 RETURN

00138 ENT!
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Subroutine TIDCF

Subroutine TIDCF is used on a one-time basis by subroutine INDATA
to compute seven tide coefficients, Al through A7, which are used by sub-
routine BOUND to compute the current tide elevation according to the Fourier

series:
HTIDE = A] + A2 sin ol + A3 sin 2uwT
+ A4 sin 3uT + Ag cos ol (6-1)
+ A6 cos 2wl + A7 cos 3wT
where
T = current time in seconds; and
w = angular velocity in radians per second corresponding to

a 25-hour tidal period.
The coefficients A2 through A7 are developed by an interactive technique in
TIDCF in which a sinusoidal series is fitted to the set of tidal stage-time
points supplied as input data by subroutine INDATA. TIDCF is Tisted below.

Subroutine QUTPUT

Subroutine OUTPUT is called by program MAIN at the end of the simu-
lation run to print and plot the hydraulic output arrays generated by the
Analysis Module. Printed output includes: 1) the water depths and water
surface elevations at each junction; and 2) the discharge and flow velocity
in each system conduit. The plotting of junction water surface elevation
and conduit discharge iscarried out by a printer-plot package labelled
CURVE which is called by OUTPUT after printed output is complete. A com-
puter listing of this subroutine follows.

Suiroutines CURVE, PINE, PPLOT, SCALE

The above subroutines form a general printer-plot package which is
used in the Analysis Module to plot water surface elevation at selected nodes
and conduit discharge in selected 1inks. Subroutine CURVE is the executive
program driving the other three subroutines of this package. CURVE is called
at the conclusion of transport system simulation by OUTPUT. Listings of these
four subroutines follow.
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00001 SUBROUTINE TIDCF(KOsNI:NCHTID)

00002 €

00003 C THIS SUBROUTINE COMPUTES SEVEN COEFFICIENTS

00004 C FOR A FOURTER EXPANSION OF THE DIURNAL TILE STAGE
00005 €

00004 COMMON/FILES/ NS»N&rN21sN22yNPOLL

00007 COMMON/CONTR/ NTCYCsDELTQsDELTyDELT2, TZEROyALPHA(30)y

00008 1 NJNCsNTCoNTLy ICYCoNJSH MISH TIHEs TINE25A11A2+AT1A45AT1RG1A7 U
00009 C

00010 COMMON/TIDE/ YY{(S0) sTT(50) +AR(C10}sXX(10)55XX(10+10)+SXY (10}
00011 €

00012 € TIDE COEFFICIENTS

00013 C TIDAL CURVE FITs 7 TERM

00014 € SINUSOIDAL EQUATION

00015 C

00014 WRITE(NSs140) KOsNI+NCHTID

00017 140 FORMAT (7HO KO ISsI3,19H NUMBER OF POINTS =+14,35H MAXIMUM NUMBER
00018 1 OF ITERATIONS IS 50+21H TIDE CHECK SWITCH 15,12)

00019 €

00020 € IF KO EQUALS ONEy PROGRAM WILL
00021 € READ FOUR POINTS OF INFORMATION
00022 C AND EXPAND THEM FOR A FULL TIDE
00023 C

00024 € NT 1S THE NUMBER OF INFORMATION
00025 C POINTS

00026 C IF NCHTID EQUALS ONE, TIDAL
00027 C INPUT-QUTPUT WILL BE PRINTED
00028 C

00029 C MAXIT IS THE MAXINUM NUMBER OF
00030 C ITERATIONS

00031 € DELTA IS THE ACCURACY

00032 C LIMIT IN FEET

00033 C

00034 PERIOD = 25,

00035 KAXIT = 50

00034 DELTA = 0,005

00037 NTT=7

00038 W = 2,%3,14159 /PERIOD

00039 IF{K0.EQ.0) GO TO 225

00040 TT(50) =TT(1)4PERIOD

00041 YY(50)=YY(1)

00042 D0 220 I=1,4

00043 J=I+1

00044 IF (J.6T.4) J=50

00045 NI=NI+i

00044 THRD =G XTTI 4T ) /4,

00047 YY(NI}=0,8535KYY{1)4+0,14658YY(J)

00048 NI=NI+1

00049 TTIND={TT(I4TT() /2,

00050 YY(ND =(YY(D)4YY (D)) /2,

00051 NI=NI+1

00052 TTND ={TT{D)+3.XTT(J) ) /4,

00053 YY{NI)=0,1445XYY{1)+0., 8535%YY (D)

00054 220 CONTINUE
00055 225 CONTINUE
00034 IF (NCHTIDNE.1) GO YO 240
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00057 WRITE(NAs146)
00058 146 FORMAT (29HO NO. TIME VALLE )
00059 WRITE(NG»148) (I,TTC(I)y YY(I)s I=1,4NI)

00040 148 FORMAT (I4» 2F12,3 )
00061 240 CONTINUE

00062 Bo 280 J=1sNTT

00043 D0 260 K=14NTT

00064 260 SXX(Kr D) = 0,

00063 AR(H = 0,

00064 280 SXY(J) = 0.

00047 NJ2 = NTT/2 + 1

00068 I0 360 T = 14NI

00059 [0 320 J = 1,NTT

00070 FJ1 = FLOAT(J-1)

00071 FJ3 = FLOAT ( J-NJ2)
00072 IF ¢ JLLE.NJ2 ) GD TO 300
00073 XX(J) = COSCFJIRXTTCI))
00074 G0 10 320

00075 300 XX(J) = SINCFJLREXTT(I))
00074 IFC JGER.L DXX(D) = 1.
00077 J20 SXY(J) = SXY(J) +XX{J) &YY(D)
00078 [0 340 J = LsNTT

00079 [0 340 K = 1eNTT

00080 340 SXX(KyJ) = SXX{Kyd) $XX(K) ®XX(D)
00081 340 CONTINUE

00082 IT=90

00083 80 IT=1IT +1

00084 DELKAX = 0.

00085 [0 420 K = 1,NTT

00084 SUK = 0.

00087 DO 400 J = 1,NTT

00088 IF (J.EQ.K) GO TO 400

00089 SUM = SUK -AACDIRSXX(K,J)

00090 400 CONTINUE

00091 SUK = (SUMESXY(K))/SXX(KsK)
00092 [EL = ABS(SUM-AA(K))

00093 IF (DEL.GT.DELMAX ) DELMAX = DEL
00094 420 ARCK) = SUM

00095 IF € IT.GE.MAXIT ) GD TO 440
00094 IF (DELMAX.GT.DELTA ) GD TO 380
00097 GO 1O 440

00098 440 WRITE(N&2150)

00099 150 FORMAT ¢’ CANNOT REACH DESIRED DELTAs INCREASE EITHER NI OR DELTA
00100 1 ANE TRY AGAIN)

00101 sTop

00102 460 CONTINUE
00103 Al = AALL)
00104 A2 = AAL2)
00105 Al = AA(3)
00104 A4 = AA(4)
00107 A5 = AR(S)
00108 Ab = ARLG)
00109 A7 = AALT)
00110 IF (NCHTID.NE.1} 6O TO 540
00111 WRITE(N6s152)

00112 152 FORMAT (48HO TIME  OBSERVED  COMPUTED BIFF )
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00113
00114
00115
00114
00117
00118
00119
00120
00121
00122
00123
00124
00125
00126
00127
00128
00129
00130
00131
00132
00133
00134
00135
00134
00137
00138

0013%

00140
00141
00142
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RES = 0.
[0 520 T = 1sNI
SuM = 0,

10 500 J = 2,NTT

FJ1 = FLOAT ¢ J-1)

FJ3 = FLOAT ( J-NJ2 )

IF ¢ JJLENJ2 ) GD TO 480

SUM = SUN +AA(J) RCOSCFJIRNRTT(I))

60 16 500
480 SUM = SUN +AACJ) XSIN(FJLRWXTT(I))
200 CONTINUE

SUN = SUN +AA(1)

DIFF = SUN -YY(I)

RES = RES + ARS(DIFF)
920 WRITE(NG+154) TTCI)sYY(I)SUMsDIFF
134 FORMAT ( 4F12.4)

WRITE(Né»156) RES
136 FORMAT (6HOTOTAL » 30Xy F12.4)
340 CONTINUE

c
c CONSTANTS FOR INPUT WAVE FORM
C
WRITE(NA»158)A11A2rATsA42 A AGIAT
158 FORMAT(///46M COEFFICIENTS FOR TIDAL STAGE ARE /784
1 Al A2 73 A4 A3 Ab
247 //7F10,3,F12,2///31H WHERE THE WAVEFORM IS GIVE

IN BY//92H HU) = AL 4 AZRSINCHT) + AJXSINCZUT) + A4XSINCIWT) + ASK
ACOS(WT) + AGXCOS(2WT) + A7XCOS(3NT))

RETURN

END
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00001
00002
00003
00004
00005
00004
00007
00008
00009
00010
00011
00012
00013
00014
00015
00014
00017
00018
00019
00020
00021
00022
00023
00024
000235
00026
00027
00028
00027
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00044
00047
000448
00049
00050
00051
00052
00053
00054
00055
00056
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SUBROUTINE OUTPUT

C
c THIS SURRDUTINE PRINTS DUTPUT
L % CONTROLS THE PRINTER PLOT ROUTIMES
L
COMMON/FILES/ NSsN6sN21sN22sNFOLL
COMMON/CONTR/NTCYCDELTO DELT + DELTZ5 TZERD s ALPHA(30)
1 NJeNCoNTCoNTL s ICYCo NISH KISHs TIMEs TIKEZ 1 A1 1A25A31 8454584547 1M
L.
COMMON/JUNC/Y(187) 5 YT(187) s NCHAN(18758) s A5(187) 52 (187),BIN(187)
1 GOU{(187)»QINST(187),GRELEV(187)y JUN(187)+ ZCROUN(187) 5 JSKIF{187)
2 ySUNAL(187)ySUNB(187} ySUNGS(187) »ASFULL (187)
C
COMMON/PIPE/LENC187) s NJUNCC187,2) »AFULL(187):AT(187)»
1 00187),Y(187)sVT(187) ,JEEF{187) ,A(187)+WIDE(187) sRFULL (187}
2 NKLASS(187)s2P(187,2)s8T(187),80(187)sH(187,2) yNCOND(187),
3 ROUGH(187)
REAL LEN
C
COMMON/STORE/ NSTORE»JSTORE(20),ZT0P(20)sASTORE(20)
£
COMMON/OUT/ NPRT»IPRTsNHPRT#JPRT(20) sPRTH(100520) sPRGEL(20) 5
1 NGPRT/CPRT(20) sFRTV(100+20)»PRTG(100,20) s IDUM(12) s ICOL(16)s
2 LTIMEsNPLTsJPLT(20)5YPLT (102200 LPLTSHFLT(20),OPLY(102520)y
3 TPLT(102) s NPTOT,NSTART INTERsPRTY(100,20)
COMMON/ELEY/ ZINVRT»ZCRM»ZGRNDs IFLT
INTEGER CPRT
£
COMMON/LAB/TITLE(40) »XLAB(11) s YLAR(S) sHORIZ(5) sVERT(4)
COMMON/STATS/UMAXX (187 GHAXX(187) 1 DEPNAX(187) « IVHR(187) 5
2IVNINC187), IGHR(1B7) IONINC1B7)  TIHR(187) s IDNIN(187) s SURLEN(187)»
JSUMGINs VLEFT
C
DIMENSION VERTO(6)
DATA VERTQ/4HCONDs4HUIT »4H FLOsAHY  s4HIN s4HCFS /
€
c EXECUTIODN
Croxxkxik PRINT CONTINUITY SUMMARY
C
£

WRITE(N453002)
5002 FORMAT(////+" “5s23(2H- )5’ CONTINUITY BALANCE AT END OF RUN ‘»
2I(2H- )s/)
5001 FORMAT(’ TOTAL SYSTEM INFLOW VOLUME ="»Fi12.0s” CU FT/4/)
WRITE(NG»5001) SUNGIN
WRITE(N6#5004)
5004 FORMAT(’ JUNCTION DUTFLOWS AND’s/»’ STREET FLOODING's/)
HRITE(N6y300%)
5005 FORMAT(4X,’ JUNCTION’ 52X+ ‘DUTFLOM, FT3/5/)
b0 119 J=1sNJ
IF(QOUCJ) 46T40.) WRITE(NG»S003) JUN(I)»00UCD
3003 FORMAT(7XsI592X»F12.0)
SUMOUT = SUKOUT + QOUCD)
119 CONTINUE
WRITE(N415007)
5007 FORMAT(13Xs7(2H~-))
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00057
00058
00039
00060
00061
00052
00063
00064
00045
00044
00067
00068
00049
00070
00071
00072
00073
Q0074
(0075
00076
00077
00078
00079
00080
(0081
00082
£0083
00084
00083
00084
00087
00088
00089
00090
00091
00092
00093
00094
00095
00094
00097
00078
00099
001060
00101
00102
00102
00104
00105
00104
00167
00108
00107
00119
00111
00112

HRITE(NA55008) SUMOUT

3008 FORMAT(L3X: ‘TOTAL 5 11X5F12.0:7 CU FT'0 /)
WRITE(N&,5009) VLEFT

5007 FORMAT(’ VOLUME LEFT IN SYSTEM ='»8XsF12.0+' CU FT'+/}
FCTERR = ({SUMRIN-SUMOUT-VLEFT)/SUMBINI%100.
YRITE(N&s3006) PLTERR

3006 FORMAT(’ ERROR IN CONTINUITY, FERCENT =/»F4.2)

Cofkkikss PRINT H.G.L. AND WATER DEPTH AT NODES

L

NGTART=NSTART~LTIHEXINTER
TINEQ=TZERO+FLOAT(NSTARTXDELT
[0 100 I=1sNHPRT
WJPRT=JPRT(D)
JPRT(D =JUNGHIPRT)

100 PRGEL(I}=GRELEV(MJPRT)

5000 FORMATC' ‘+15A477 “»15A4//)

[0 120 I=1sNHPRT»4
WRITE{NG2999)

2999 FORMAT('17944(2H--)/¢ +'FERERAL HIGHWAY ADMINISTRATION'»14Xs40HXX
2% URBAN HIGHWAY DRAINAGE PROGRAM ¥i¥¥,8X, 'WATER RESOURCES DIVISID
JN7/C 7y 'DEFARTMENT OF TRANSPORTATION' s 16Xy 4HEM0E; 32Xs AHYKR BX s
4'CAHP DRESSER & MCKEE INC.’/’ '+ /WASHINGTONs InC.’»28Xs4H
SEEEKSAXs’ ANALYSIS MODULE 76Xy 4HRXKK: B, ANNANDALE, VIRGINIA
&%)

WRITE(N623000) ALFHA
WRITE(N55020)

G020 FORMAT (125H0 ¥ k¥ X x d k¥ ¥ X d ¥k kx k¥ x¥x TIME
IHWISTORY OF HeBule XX EFXXEXXXEIXXXKX
AN

WRITE(N655030)
5030 FORMAT (56X+’ (VALUES IN FEET)")
IT=145
IF(IT.GT.MHFRT) IT=NHFRT
HRITE(NG»3040) (JFRT(L}L=I1,IT)
3040 FORMAT (1HOs BXs6(7X,/ JUNCTION'»I5))
WRITE(N&23060) (PRBEL{L)sL=I,IT)
G060 FORMATC(Y  TIME'» 2Xs6(8Xy’ GRNDYsF7.2)s/y" HR o HIN'»6(7Xs'ELEV
1 DEFTH )/}
LT=HINO(I+3+NHFRT)
10 120 L=1sLTIHE
TIHE=(TIMECHFLOAT ((L-1)RINTER)XDELT} /3600,
LTIMEH=IFIX (TIME)
LTIMEN=IFIX¢(TIME-FLOAT(LTIXEH) )%40,040.%)
120 WRITE(N6s3080) LTIMEHLTIMEM: (PRTH(LsK)»PRTY(LsK) sK=I5LT)

S0B0 FORMAT (7 7913579 I2s266(F12,25F8,2))

g

Chagikeik  COMPUTE AND FRINT SUMMARY STATISTICS FOR JUNCTIONS

L

D0 700 J=1,NJ

IFCSERL.OR. (/394390 ,EQ.J) GO TO 701

6o 10 702
701 WRITE(NG»2999)

URITE(N623000) ALFHA

HRITE(NAs750)
750 FORMATC//7 "o16(2H" 12X'S UMNHARY STATISTICS FO

2R JURCTIONS »A16(H )/)
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00113
00114
00113
00116
00117
00118
00119
00120
00121
00122
00123
00124
00125
00124
00127
00128
00129
00130
00131
00132
00132
00134
00133
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00144
00147
00144
00149
00130
00151
00152
00153
00154
00135
00136
00157
00158
00159
00160
00141
00162
00163
00164
00142
00166
00147
00148
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WRITE(NG751)
751 FORMAT(’ ‘936X 'UPPERMOST' ¢ 9Xs ' MAXIMUM »5Xs ' TINE 211Xy ‘FEET OF’»
211Xs ‘FEET MAX. /s 11Xs 'LENGTH’ /% * 520Xy “GROUND +9Xs ‘PIPE CROWN‘ 58X,
3/ COMPUTED 18X 'OF “ s 11Xy “SURCHARGE 10X ‘DEPTH IS/ s14X2/0F'/ *»
42 " JUNCTION #8Xs “ELEVATION’ »9Xy ‘ELEVATION’ s 10X ‘DEPTH’ y3X»
5/ 0CCURENCE’ 99X /AT MAX,‘»9Xs ‘BELDW GROUNDyBXs ' SURCHARGE'/‘ ‘9
&3y "NUMBER v 12Xy "(FT) 4 2013%s “(FT)* ) 14Xy “HR+ * #2Xs 'MIN. * 10Xy
7/IEPTH » 12X "ELEVATION y 11Xy “(KIN) /77 "9 2Xs8(7~")s8Xs9{"~")58X,
BLOL = ) aBAs 190/ = o BXs 90 =" 1o BXs 120/~ )4BXs2(/-") /)
C
Chxkikkkx  COMPUTE FEET MAXIMUM DEFTH IS BELOW GROUND ELEVATION
702 FTRLG=GRELEV(J)-(DEPMAX(+Z(J))
IF(FTELG.LE.0.0)FTRLG=0,
L
Chexxkkkr COMPUTE FEET OF SURCHARGE AT MAXIMUM DEFTH
SURMAX=DEPMAX(J)4Z (J)-ZCROWN())
IF(SURMAX.LE.0,0) SURMAX=0,0
£
Cxkxxsxxt FRINT JUNCTION STATISTICS
WRITE(N4s752)  JUNCJ)sGRELEV(J) yZCROWN(.J) s DEPMAX(J) s IDHR(J)+
2IDMINCY) ySURMAXFTBLGySURLENCD)
752 FORMATL “9AXa ISe10XsF7 29 11XeF 7,25 10X 9F6.293Xs 130 3Xs 12911 XsF54 24
214X3F5.:2913%F3, 1)
700 CONTINUE
L
Chkkixkxk PRINT FLOWS X VELOCITIES IN PIFES
C
DO 140 I=1,NGFRT
L=CPRT(I)
140 CPRT(I)=NCOND{(L)
D0 160 I=1sNOPRTs6
WRITE(NG6,2999)
WRITE(N6s5000) ALPHA
WRITE(N653100)

G100 FORMAT (125HO X X X X X X X X X XXX x %% TIME HISTOR
1Y OF FLOW AND VELOCITY Z2XXXXXXX¥XX
1X X % /949X 'Q(CFS)y VEL(FPS)')

IT=145
IF(IT.GT.NOFRT) IT=NGFRT
WRITE(NG695120) (CPRT(L),L=I+IT)

9120 FORMAT (1HO»’ TIME'»6¢4Xs’CONDUIT»1504X)s/

17 HR o HIN'»8(20, FLOM  VEL )

LT=HINOCI+3sNGFRT)

10 160 L=1,LTINE

TIME=(TIMEGHFLOAT ({L~1)XINTER)DELT) /3600,

LTIMEH=IFIX (TIME)

LTIMEM=IFIX({TIME-FLOAT(LTIMEH) }%50.0+0.5)

160 WRITE(N&s5140) LTIMEH,LTIMEMs (PRTA(LsK) sPRTU(LsK)sK=IsLT)

5140 FORMAT (1H #1327 s 12:208(F7:29F5.158X))
C
Caxxerexs  COMPUTE AND PRINT SUMMARY STATISTICS FOR CONDUITS
L

[o 900 N=1sNC

IF(N.EQ.1.0R, (N/39%39).EQ.N) GO TO 901

60 10 902
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00149
00170
00171
00172
00173
00174
00175
00174
00177
00178
00179
00180
00181
00182
00183
00184
00183
00186
00187
00188
00189
00190
00191
00192
00193
00194
00195
00194
00197
00198
00199
00200
00201
00202
00203
00204
00205
00204
00207
00208
00209
00210
00211
00212
00213
00214
00215
00214
00217
00218
00219
00220
00221
00222
00223
00224

901 NRITE(N&s2999)
HRITE(N6:5000) ALPHA
WRITE(N6»800)
800 FORMAT(//' ‘s16(2H JsiH's2X'SUNMARY STATISTICS
FOR CONDUTITSE »2X1H y16(2H *)//)
HRITE(NG»B01)
801 FORMAT(’ /s35Xs CONDUIT 25X, "HAXIHUM' +3Xs ‘TIME' 27X 'MAXTHUN'
25Xy 'TINE' 16X "RATIO OF ‘s 6Xs "HAXINUM DEPTH ABOVE’/’ /912Xy
32’ DESIGN' s5X) s 'VERTICAL 4Xy ' COMPUTED' 16Xy 'OF *»7X, *COMPUTED »
46Xs "0F * 98Xs ‘MAX, TO's4Xs ' INVERT AT CONDUIT ENDS‘/‘ ‘»1Xs/CONDUIT'»
S9Kr FLOM’ $5Xs “VELDOCITY s 6Xs 'DEPTH +7Xs ‘FLOW’ 14Xy / OCCURENCE 54X
6'VELOCITY' »2Xs ' OCCURENCE ' »5Xs 'DESIGN »5Xs "UPSTREAN' 14Xy
7'DOUNSTREAM’ /% 92Xy ‘NUNBER' 55Xy (CFS) »6Xs * (FPS)/ o+ 7Xs * (IN) /4 B)
87 CCFSY’ #3%s "HR. 7 92Ks “MIN " 96Xy " (FPS) " 9 3X0 "HR. 1205 "HINS " 96Xs
GIFLOW sBXs " (FT) 09X T (FTY /7 7910707 =" 10 8Xs 80/ ~" J92{4X48( ="} )y
1204X 190 =71 1408077 ) 24X, 220 ="} /)
£
Cxxxxkak  COMPUTE DESIGN VELOCITY AND FLOW IN CONDUIT
902 NL=NJUNC(N» 1}
NH=NJUNC(N»2)
SLOPE={ZP{Ns1)-ZP{N+2) ) /LEN(N)
UBSGN=GORT (32, 2451 OPE/ROUGH(N) YXRFULL (N} XX0. 6666467
ADSGN=AFULL (N} XVIISGN

£

Cxixixdxx  COMPUTE RATIO OF MAX TO DESIGN FLOW IN CONLUIT
GRATIO=0,
IF(QDSGN.GT.0.) RRATIO=QHAXX(N}/QDSEN

C

Crxyrsedk  COMPUTE MAX WATER DEPTH ABOVE CONDUIT INVERT AT BOTH ENDS
DMAXNL=DEPNAX (ML) -(ZP{N:1)-ZCNL))
IMAXNH=DEPMAX (NH) - (ZF (Ns 2)-Z(NH) )

UHGHT=DEEF (M) 12,0

C

CExggysy  PRINT CONDUIT STATISTICS
WRITE(H65802) NCOMI(N) GDSGNsYDSGNs VHGHT » BHAXX (N) s IBHR(N)

JTOMINOND » UBAXKIND s TUHR () » TVMINCN) 5 QRATIO s DNAXNL » INAXNH

802 FORMATC ‘s2Xa TGe2(3%eF 8010 7XoFS0 1y 208XsF6, 1o IXa 139 3Xs 12D 26Xs
F6, 15 7XsFS, 2:8X5F5.2)

700 CONTINUE

£

Crrrserss PRINTER PLOT FACKAGE
TF(NPLTY 22652205180

180 D0 200 ¥=1.WPLY
IpLT=1
J=JPLTIN)
ZINVRT=2(J)
ZCRN=ZCROWN(J)
ZGRND=GRELEV(.))
NJUR=JUNC
CALL CURVE(TPLT»YPLT(1sN) :NPTOT+1+NJUN)
200 WRITE(NAs5140) MJUN
9160 FORMAT(100Xs’ JUNCTION NUMBER'»17)
220 IF(LPLTY 3005300240
240 D0 260 L=1+6
260 VERTIL)=VERTR(L)
00 280 N=1sLFLT
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00223
00226
00227
00228
00229
00230
00231
00232
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IPLT=2

L=KPLT(N)

NKON=NCONDL.)

CALL CURVE(TPLT»QFLT(1sN)/NPTOT1+NKON)
280 WRITE(N6:5180) NKON
5180 FORMAT(100Xs ' CONDUIT NUMBER',I7)
300 RETURN

END
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CURVE

00001
00002
00003
00004
00005
00004
00007
00008
00009
00010
00011
00012
00013
00014
00015
00014
00017
00018
00019
00020
00021
00022
00023
00024
00025
00024

00027

00028
00029
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00044
00047
00048
00049
00050
00051
00032
00053
00054
00035
00056
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(3]

c
C
c

L B ]

(3]

PAGE 1

SUBRDUTINE CURVE(X»YsNFT,NCVUsNPLOT)
CONMON/FILES/ N3sN&6oN21sN225NPOLL

DIMENSION X(202y5)5Y(202+5)sNPT(3)

1yDUMX(4) s DUKY (4)

COMMON/LAB/ALFHA(40) ¢ XLAR(11)»YLAB(4) s HORTZ(5) »VERT(4)

XMAX = -1,0E30
XKIN = 1,0E30
YMAX = -1,0E30
YHIN = 1.0E30

DO 100 K = 1» NCV
N = NFT(K)

DD 100 J = 1y N

SET UP X AN Y SCALES

IFC X(JK) 46T, XHAX ) XHAX = X(JsK)
IFC X(JeK) (LT, XMIN ) XHIN = X(JsK)
IFC Y(K) 6T, YHAX ) YHAX = Y(J1K)
IFC Y(hK) JLT. YMIN ) YHIN = Y(JsK)

100 CONTINUE

DUKX(1) = XMIN

DUKX(2) = XMAX

CALL SCALE(DUMXs10.002¢1)
DUKY(1) = YHIN

DUNY(2) = YHAX

CALL SCALE (DUMY»4.0y2,1)
DO 120 K = 1, NCV

N = NPT(K)

X(Nt14K) = DUMX(3)
X(N+2:K) = DUMX(4)
Y(N+1,K) = DUNY(D)
Y(N+25K) = DUMY(4)

120 CONTINUE

XHIN= DUMX(3)
“DELTX= DUHX(4)
XLAB(1)=XHIN
D 140 I=1,10

140 XLAB(I+1)=XLAB(I)4DELTX

XSCAL=100+/ (XLAB(11)-XHIN)

YMIN= DUMY(3)
DELTY= DUHY(4)
YLAR(S)=YHIN
DO 140 I=1,4

160 YLAR(S-D)=YLAB(4-I)4DELTY

YSCAL=40./(YLAR(1)-YHIN)

NCD=100
CALL PPLOT(0s0sNCDsNPLOT)

FORM X LABELS AND FACTORS

FORM Y LABELS AND FACTORS

INITIALIZE PLOT OUTLINE
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000357 K=1

00058 C

00059 C DRAW IN EACH CURVE
00060 C

000641 B0 240 L=1)NCV

00062 IF(NPT(L).ER.0) GO TO 220

00063 C

00064 C JOINING X0 YO AND XT YT
00065 C

00064 XD=XSCALK(X (151 )-XHIN)

00067 YO=YSCALR(Y(1,L)-YHIN)

00048 NPOINT = HPT(L)

00069 DO 180 ¥ = 2,NPOINT

00070 XT = XSCALX(X(MNsL) - XHIN)

00071 YT = YSCALRCY(NsL) - YHIND

00072 CALL PINE(XDyYOsXTrYT:KsNPLOT)

00073 X0 = XT

00074 Y0 = YT

00075 180 CONTINUE
00076 200 CONTINUE
00077 20K=K+1
00078 240 CONTINUE

00079 C

00080 € OUTPUT FINAL PLOT
00081 C

00082 NC=%9

00083 CALL PPLOT(0s0sNCsNPLOT)

00084 RETURN

00085 END
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00001
00002
00003
00004
00003
00004
00007
00008
00609
00010
(0011
00012
00013
00014
000135
00016
00017
00018
0001%
00020
00021
00022
00023
(0024
00025
00024
00027
00028
00029
00030
00031
00032
00033
00034
00035
00034
00037
00038
00039
00040
00041
00042
00043
00044
000435
00044
00047
00048
00049
00030
00051
00052
00053
00054
00053
00054
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SURROUTINE PINE(X1»Y1sX2sY2sNSYHINCT)
COMMON/FILES/ N3»N&sN21sN229NPOLL
COMMON/CONTR/ NTCYCoDELTQsLELTsBELT2, TZERDsALPHA(30)»

1 NJoNCoNTCeNTL s ICYCNISHs MJISHy TIKEs TINEZs ALy A2y AZs A4s AT AGIAT Y
[COMMON/ELEY/ ZINVRT s ZCRW» ZGRND IFLT

COMMON/LAB/TITLE(40) s XLAB(11) s YLAR(S) yHORIZ(S) s VERT(4)

AXA=X1

AXB=X2

AYA=Y1

AYR=Y2

IFCCAXR.EQ.AXA) LANDL (AYRLEQLAYA)) RETURN
N=1

IF (ABSCAXE-AXA) .LT.ARS{AYR-AYA)) GO TD 140

BET FARAMETERS FOR X DIRECTION

[ ]

IF(AXE.GT.AXA) GO TO 100
AXA=X2
AXE=X1
AYA=Y2
AYR=Y1
100 CONTINUE
IXA=AXAt, 5
IXB=AXRt.5
IYA=AYAL.D
IYB=AYR+.5
120 CONTINUE
IF(IXALT.0.0R. IXA.GT,100) GO TO 140
IF(IYALLT.0.0R. IYA,GT.40) GO TO 140
CALL FPLOTCIXA»IYASNSYHsNCT)
140 CONTINUE
[XA=IXAt1
YA=(NE(AYR-AYA) )/ (AXB-AXA)
IYA=AYALYA$0.5

N=NH1

IF(iXA.LE, IXR) GO TO 120

GO TO 240
L
L SET FARAMETERS FOR Y DIRECTION
C

150 COMTINUE
IF¢AYB.GT.AYA) 60 TO 180
AYR=Y1
AYA=Y2
AXB=X1
AXA=X2
180 CONTINUE
IXA=AXA}.S
IXB=AXB+,5
IYA=AYAL.D
IYE=AYB+.5
200 CONTINUE
IF(IXA+LT.0.0R,IXA.BT,100) GO TO 220
IF(IYA.LT,0,0R.IYA.GT.40) GO TO 220
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00057
00058
00059
000460
00061
00042
00063
00064
00063
00066
00067

NTRNS2Z FORTRAN V,5A€621) /KI/C 23-JAN-81 15121

CALL PPLOT(IXAsIYAsNSYMsNCT)
220 CONTINUE

IYA=IYAH

XA=(NX{AXB-AXA) )/ (AYB-AYA)

DXA=XAHAXA0 .S

N=N+1

IF(IYA-1YB) 20052405260
240 IXA = IXH

60 T0 200
260 RETURN

END
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SUBROUTINE PPLOT(IXsIY+KsNCT)
DIMENSION A(515101)s5YM()

COMMON/FILES/ N3aN&sN21sN22sNPOLL
COMMON/CONTR/ NTCYC,DELYQ,DELT,DELT2,TZERDsALPHACIO)
1 NJsNCyNTCoNTL s ICYC o NISWs MISWs TINE» TIMEZ AL A29 435 A4 9855 REYATHU

COMMON/ELEV/ ZINVRT»ZCRNy ZGRND, IPLY

COMMON/LAR/TITLE(40) s XLAR(11) 4 YLABCA) sHORTZ(5) s VERT ()

DATA SYH / AHKEXKy 4HHHH, 4H77/7y 4HXXXXs 4H....y 4H2222y
144 SHIIIIy 4H-——- /
IF(K-99) 1005120,260
100 A(41-TY, IXH1)=5YK(K)
RETURN
120 CONTINUE
1=0
J2=1
WRITE(NG»2999)

2999 FORMAT(’1’y64(2H--)/* *y'FEDERAL HIGHWAY ADMINISTRATION’»14X:A40HKX

23x URBAN HIGHWAY LRAINAGE PROGRAM Xkx%,B8X, 'WATER RESOURCES DIVISIO
IN‘/’ ‘4 'DEPARTHMENT OF TRANSPORTATION'» 16X, AHXZRX) 3205 4HXXXE) BXs
4'CAHP DREGSER & MCKEE INC.’/‘ 'y 'WASHINGTON, D.C.'s28Xs4H
SKERKsSXs T ANALYSIS MODULE 756X, AHXKKK8X: ANNANDALE, VIRGINIA
6")
WRITE(N621300) ALFHA
09 220 II=1,5
I=I#1
IF(IPLTEQ.2)60 TO 130
125 IF (II.NE.1) 60 TO 130
WRITE(N6,1050) YLABCIL) »A(Ls1)sZINVRTy (A(150) ¢ J=295101)
WRITE(N6y1051) A(2)1)sZCRN» (A(20.0)y J=295101)
WRITE(N651052) A(3s1) yZGRNDs (A(3s ) 5J=295101)
1=3
J2=3
60 T0 135
130 WRITE(NS»1100) YLAB{ID) s (A(I+J)sJ=1+101)
IF(II.EQ.5) GO 7O 240
135 00 200 JJ=J2:9
I=I#
IF(T.NE.28) GO TO 140
WRITE(NG»1300) VERT(G)sVERT(4)s (AlIsd)rJ=1y101)
60 T0 200
140 IF(I.HE.24) 60 TO 140
WRITE(NA»1300) VERT(1),VERT(2)s(A(I+J)sJ=1y101)
GO TO 200
160 IF{(I.NE.26) 6O TO 180
WRITE(N6»1500) VERT(3),VERT(4)s(A(LsJ)sd=15101)
GO T0 200
180 WRITE(NG»1000) (A(IyJ)rJ=15101)
200 CONTINUE
Ja=1
220 CONTINUE
240 CONTIMUE
HRITE(NG51200) XLAR
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00037 WRITE(N6+1400) HORIZ

00058 1000 FORMAT(18X,101A1)

00059 1050 FORMAT (F17.301X»A1»2Xs INVERT ELEV-'4FB.25/ FEET/+73A1)
00060 1051 FORMAT (18XsA1s2Xy’ CROWN ELEV-/+F8.2y FEET/»73A1)
00061 1052 FORMAT (18XrA1»2Xy’GROUND ELEV-/+FB.2s' FEET/»7381)
00062 1100 FORMAT(F17.3,1Xs101A1)

00063 1200 FORMAT(F20.1,10F10.1)

000464 1300 FORMAT(' ‘5154477 ‘»15A4//)

00065 1400 FORMAT(/45X120A4)

00066 1500 FORHMAT{3X,204,7Xs101A1)

00067 260 [0 300 1=1,40

00048 [0 280 J=1,101
00049 280 A(XyJ)=5YH(7)
00070 A(I51)=6YM(B)
00071 300 CONTINUE

00072 Io 320 J=1,101
00073 320 A(41yJ)=5YH(D)
00074 0o 340 I=1,101,10
00675 340 A(41,D)=5YH(B)
00074 [ 360 I=11,31,10
00077 AT 1)=5YH(9)
00078 360 CONTINUE

00079 RETURN

00080 END
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SUEROUTINE SCALE (ARRAYsAXLENsNPTSsINC)
COMMON/FILES/ N3sN&sN21:N22/NPOLL

DIKENSION ARRAY(NFTS)sINT(S)

DATA INT /2+445:8,10/

INCT=IABS(INC)

(]

SCAN FOR MAX AND MIN

ANAX=ARRAY (1)

AHIN=ARRAY(1)
DO 100 N=1sNPTS,INCT

IF(AMAX LT ARRAY(N) ) AMAX=ARRAY(N)
IF(AKIN.GT . ARRAY(N)) AMIN=ARRAY(N)
100 CONTINUE
IF( AMAX - AMIN ) 180+120+180
C
C RESET MAX AND MIN FOR ZERD RANGE
C
120 IFC AKIN ) 1604320,140
140 AMIN = 0.0
AMAX = 2.0 X ANAX
G0 TO 180
160 AMAX = 0.0
AKIN = 2.0 X ANIN
180 CONTINUE

C
.L COMPUTE UNITS/INCH
c
RATE=(AMAX-AMIN) /AXLEN
C
C SCALE INTERVAL TO
C LESS THAN 10
A=ALOGIO(RATE)
N=A
IF(A.LT.0) N=A-0.9999
RATE=RATE/ (10, k%)
L=RATE+1.00
C
c FIND NEXT HIGHER INTERVAL
C

200 10 220 I=15
IF(L-INT(I)) 240524022
220 CONTINUE

C

c L IS NEXT HIGHER INTERVAL

C RANGE IS SCALED BACK TO FULL SET
C

240 L=INT(I)
RANGE=FLOAT(L) %10, %xXN
IF(INC.LT,0) GB TO 300

c
c SET UP POSITIVE STEPS
C
K=AMIN/RANGE
IF(AHINLLT.0.) K=K-1
C
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00057 C CHECK FOR MAX VALUE IN RANGE
00058 C

00059 IF(AMAX.GT . (KHAXLEN)XRANGE) GO TO 260

00060 I=NFTSXINCTH+1

00061 ARRAY (1)=KIRANGE

00062 I=I+INCT

00063 ARRAY (1)=RANGE

00064 RETURN

00065 C

00066 € IF QUTSIDE RANGE RESET L AND N
00067 C

00048 260 L=LH1

00069 IF{L.LT.11) GO TD 200

00070 L=2

00071 N=N#1

00072 280 60 0 200

00073 C

00074 C SET UP NEGATIVE STEPS
00075 C

00076 300 K=ANAX/RANGE

00077 IF(AMAX.GT.0.) K=K¢1

00078 IF(AMINGLY. (KTAXLEN)ERANGE) GO TO 240

00079 I=INCTXNPTSH

00080 ARRAY ( I)=KXRANGE

00081 I=I+INCT

00082 ARRAY (I)=-RANGE

00083 RETURN

00084 320 WRITE(N&»1000)

00085 1000 FORMAT( // 10Xs ‘RANGE AND SCALE ARE ZERD ON PLOT ATTEMPT' )
00084 RETURN

00087 END
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Variables In Common

The Analysis Module uses the following 17 common blocks in various
locations throughout the program:

BD
BND
CONTR
ELEV
HLOS
HYFLOW
JUNC
LAB
LOSS
ORF
ouT
PIPE
pPump
QUAL
TIDE
TRNQAL
WEIR

Table 4-3 defines the variables contained in each of these common blocks
and indicates the subroutines containing each common block.
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TABLE 4-3
DEFINITION OF /VARIABLES IN COMMON

Variable i
Name Description Units
COMMON/BD/
This common is used in the following subroutines
BLOCK DATA
DEPTH
HYDRAD
INDATA
ANORM Matrix of normalized wet cross-sectional area
of conduit, based on shape and depth
HRNORM Matrix of normalized hydraulic radius of
conduit, based on shape and depth
TWNORM Matrix of normalized conduit width at flow
line, based on shape and depth
COMMON/BND/
This common is used by the following subroutines
BOUND
INDATA
JFREE Node for free outfall None
JGATE Node for non-weir tide gate None
JTIDE Not used at this time None
NFREE Number of free -outfalls None
NGATE Number of non-weir tide gates None
NTIDE Indicator for outfall tide level control None

1. no water surface at outfall

2. outfall control water surface at
constant elevation, Al

3. tide coefficient provided

4. program will compute tide coefficients
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TABLE 4-3

(continued)
‘Variable
~ Name Description Units
-COMMON/CONTR/
This common is used in the following subroutines
BOUND |
INDATA
INFLOW
MAIN
OUTPUT
PPLOT
TIDCF
ALPHA “Title for printing ~ None
AT ) ‘ : - Feet
A2 ‘ ' , ' : None
A3 | None
' k Coefficients.of the seven term equation e
A4 ( for tidal input | None
AS . ’ None
A6 ! o | None
A7 J ' | Mone
DELTQ Not used at this time |
"DELT , Time interval of integration' , Seconds
DELT2 One-half of DELT Secands
ICYC ~ Internal cycle counter _ None
MJISW  Number of tape input hydrographs 2 None
NC . ; Number of conduits None
NJ ~ Number of nodes : None
NISW Number of nodes for hydrograph input None

via cards
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TABLE 4-3

(continued)
Variable
Name Description Units
NTC Number of nodal 1inks including internal 1inks ilone
NTCYC Number of integration cycles | ' Hone
N5 Input unit number | _ None
N6 ~ Qutput unit number None
N21 Unit number for input tape fromARUNOFF BLOCK None
TIME ' Time counter for hydrograph input Seconds
TIME2 TIME - DELT2 © Seconds
~ TZERO Zero time for the simulation Hours/Seconds
W Fundamental frequency of daily tidal cycle “rad per sec
COMMON/ELEV/
This common is used in the following subroutines
OUTPUT :
PPLOT
IPLT Plot control integer llone
ZCRN Plot variable, highest crown elevation Feet
at a node '
ZGRND Plot variable, ground elevation ‘ Feet
ZINVRT Plot variable, node invert elevation Feet
COMMON/HLOS/
This common is used in the following subroutines
MAIN
OUTPUT -
PRTL1 Storage matrix for head losses for printing | None
purposes |
PRTL2 Storage matrix for head losses for printing None
purposes
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TABLE 4-3

(continued)

Vériable

Name =~ , Description Units

COMMON/HYFLOW/
This common is used in the following subroutines
INDATA
INFLOW
ISW ‘Hydrograph input node number from:tape" None
JSW, Hydrograph input node number from cafds ilone
NINREC Counter for hydrograph input froﬁ tape ilone
NSTEPS ?q?ber of input records on input hydrograﬁh ilone
ile ‘ :

QCARD Rate of inflow, from cards cfs
QTAPE Rate of inflow, from tape A cfs
TE Time of inflow for card input Hours/Seconds
TEO Previohs value of TE ‘ Hours/Seconds
TIMEQ TEO | | - Seconds
TP TZERO - _ B Sécands
T2 Time of inflow for tapé input -~ Seconds
T20 Previous value of T2 - Seconds

WATSH Not used at this time None
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TABLE 4-3

node, defined as node crown elevation

161

(continued)
Variable
Hame Description Units
COMMON/JUNC/
This common is used in the following subroutines
BOUND
HEAD
INDATA
INFLOW
MAIN
OuUTPUT
AS Surface area of a node | Square'Feet
GRELEV Ground elevation at a node Feet
JSKIP Internal integer control, to skip nodal None
head computation :
JUN External node number None
NCHAN Conduits connecting to a node None
QIN Filow into a node from an outside source cfs.
QINST Dry weather flow into a node from an outside cfs
source '
QCu Flow from a node cfs
SUMAL Sum of cross-sectional area/length, for all Feet
_pipes at node, not used presently
Y Depth of water at a node at full ihtegration Feet
: step
YT Depth of water at a node at half integration Feet
step
Z Elevation of node invert Feet
ZCROWN Elevation of uppermost conduit crown at a Feet
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{continued)
Variable
Name Description Units
COMMON/LAB/
" This common is used by the following subroutines
BLOCK DATA
CURVE
INDATA
OUTPUT
PPLOT
HORIZ Horizontal label of curve tlone
TITLE Title printed out on curve None
VERT Vertical label None
XLAB Numerical scale labels for X flone
YLAB "Numerijcal scale labels for Y None
COMMON/LOSS/
This common is used by tﬁe following subroutines
INDATA
MAIN
CLOSS Entrance and exit losses
COMMON/ORF/
This common is used by the following subroutines
BOUND ' : :
INDATA
ACRIF Cross-sectional area of orifice Square Feet
CCRIF Orifice coefficient None
LORIF Internal orifice link number None
NORIF Number of orifices None



TABLE 4-3

- 163

(continued)
Vériab]e ,
NHame Description Units
COMMON/OUT/
This common is used in the}following'subroutines
INDATA '
MAIN
OuTPUT
CPRT Conduit numbers for detailed printing Noneb
ICOoL Not used at this time None
IDUM Dummy array Hone
INTER Number of integration cycles betweeﬁ print
cycles : :
IPRT Not used at this time
JPLT Node numbers for plotting None
JPRT Node numbers for detailgd printing None
KPLT Conduit numbers for p]otfing" None
LPLT Number of conduits for detailed printing Noﬁe
LTIME Counter for printed output None
NHPRT Number of nodes for detailed printing None
NPLT Number of nodes to be plotted None
NPRT Not used at this time None
NPTOT Total number of plot data points None
NQPRT Number of conduits for detailed printing None
NSTART First cycle where saved printing array None
will begin
PRGEL Print matrix, ground elevation Feet
- PRTH Print métrix, water Qurface elevation Feet
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(continued)
‘Variable
Name Description Units
 PRTQ - Print matrix, flow cfs
PRTV ~ Print matrix, velocity fps
PRTY Print matrix, water depth at node Feet
QPLT Matrix of flow values cfs
TPLT Time used for plotting Hours
YPLT Matrix of water surface elevations Feet
COMMON/PIPE/
This common is used by the following subroutinés
BOUND
- DEPTH
HEAD
"HYDRAD
INDATA
MAIN
OUTPUT
A Full-step wetted cross section Square Feet
AFULL - Full cross-sectional area of conduit Square Feet
AT Half-step.wetted cross section Square Feet
. DEEP Vertical dimension of conduit Feet
H Depth of flow at conduit ends Feet
LEN Conduit length Feet
NCOND External conduit number Hone
NKLASS Conduit shape classification None
1. circular
2. rectangular
3. horseshoe
4, eggshape -
5. baskethandle



TABLE 4-3

(continued)
Variable .

Mame Description Units
NJUNC External nodes at each end of conduit hone
9] Flow in conduit at full integration step cfs
Q0 Saved flow values at beginning of each cfs

integration step
QT Flow in conduit at half integratipn step cfs
RFULL Hydraulic radius of conduit when full Feet
ROUGH Manning coefficient
) Velocity in conduit at the full integration’ Tps

step
VT Velocity in conduit at the half integration fps

step : ﬁ
WIDE Width of conduit Feet
zp Height of conduit invert above node invert Feet

COMMON/PUMP/
This common is used in the following subroutines
BOUND
INDATA
JPFUL - Internal integer switch for full wet well None
0 = full B
1 = not full

LPUMP Internal pump linkage None
NPUMP Number of pumps | tione
PRATE Pumping rate cfs
VRATE Volume for changihg pump rates Cubic Feet
VWELL Starting volume of pump wet well, also Cubic Feet

current wet-well volume after pumping starts
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TABLE 4-3

(continued)
~ Variable
Mame Description ' Units
COMMON/QUAL/
This common is used by the following subroutines
INDATA
"INFLOW
INQUAL Dummy variable for read purposes None
COMMON/TIDE/
This common is used by the following subroutines
. INDATA :
TIDCF
AA Tidal curve fit coefficients during least Hone
' square process
- SXX Matrix used by least square process None
SXY Vector used by least square process _ Hone
1T Clock time of tidal stage Hours/Seconds
XX Vector used in least square tide fit | None
YY Stage of tidal input corresponding to 1T Feet
COMMON/TRNQAL/
This common is used by the following subroutines
INDATA '
MAIN
N22 Tape unit number of hydraulic output for Ndne

QUALITY TRANSPORT BLOCK
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TABLE 4-3

(continued)
Variable
Name Description Units
COMMON/WEIR
This common is used in the following subroutines
BOUND
INDATA
COEF Coefficient of discharge for weir None
COEFS Coefficient of discharge for surcharged Hone
cendition computed internally
KWEIR Type of weir | | None
1. transverse
2. transverse with tide gate
3. sideflow '
4, sideflow with tide gate
LWEIR Internal link number for weir ’ None
NWEIR Number of weirs ~ None
WLEN Weir length | E Feet:
YCREST Height of weir crest above node invert Feet
YTOP Distance to tope of weir opening, above Feet

weir invert

167



EXAMPLE PROBLEM

An example problem is included in this report to show the user the
form of the input and output from a typical run of the Analysis Module,and
to provide an example of its capabilities. The Bellview-Redmond Road pro-
blem presented below meets both of these functions.

Bellview-Redmond Road is a two lane secondary highway which runs
between the towns of Bellview and Redmond in the Seattle, Washington metro-
politan area. An 850 foot section of this highway and its adjacent drainage
system, shown in Figure 4-6, is used for this test. The schematic diagram
of this area is found in Figure 4-7. Lines A,B, and C carry runoff from
areas surrouding the highway to the highway drainage system and then to a
free-flowing stream, represented by Line D. The highway drainage ditch,
which also drains into D, is represented by Lines E,F, and G. Line G, as
shown in Figure 4-8, also includes an underground drainage system which is
tied into the roadside ditch with inlets. The inflow hydrographs shown
result from the simulated runoff from a storm known to produce surcharge
conditions in the system.

Two cases of this problem were run. The input data set for case
1, divided into card groups, is shown in Exhibit 4-1. Key sections of the
output from this case can be found in Exhibit 4-2, which follows.
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FIGURE 4-6. Base Map-Bellview-
Redmond Road Test Flow Routing Problem “ .
Scale: I'= 200
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BELLVIEW REDMONR ROAD DRAINAGE SYSTEM
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EXHIBIT 4-1.

é

16+
14,
14,
16,
16,
14,

2

2

2

2,

20
1.
10
1.5
1.5
1.5
o7
7
W7
o7
2
2
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121
29
1018

1036
1014
29
1019
100,
100,
100,
100,
100,
100,
100,
30,
100,
100,
50,
100,
100,
A0,
80,
A0,
60,
100,
100,
100,
100,
100,
50,
60,
100,
100,
100,
100,
400
80,
100,
100,
100,
100,
100,
40,
100,
100,
100,
100,
50,

&

1.3

+3
W3

6
1029
17

1026
9012

i1

040
040
+040
+040
040
+040
+030
+030
025
023
+025
040
+030
030
015
D13
+015
013
015
015
015
015
015
+040
+040
+040
+ 040
040
040
0135
015
+013
+040
+040
+040
+040
1,5 040
+040
+040
+040
5,040

1036
18

1019
2018

12
2.
2,

2

2.
2,
2,
1.
1,
4,
4,
4,
2
2
2

20
2
2,
2,
20
2,

2,
2
2
0.
30,
30,
60,
30,
20,

2
2
2
2.
2,
2,
1,
I
4

4,
2.
2
20

2
2
2,
2.
2,

40,
30,
10,
30,
10.
10,

36
1018

17
9038

Bellview-Redmond Road
Example Problem: Case 1 Input Data Set

22
1012

19
9029



9012 1012 12
7018 1018 18
9029 1029 29
9036 1036 36
L 99999

122,1512,15

222.1012,10

322.,0512.05

422,0012,00

321,9511,95

621.9011.90

721,851,835

815,5012,50

929.0026.00
1034.0032.00
1137.,5033.50
101237.0035.00
3521,6120,00
1426,6125.00
1330.4029.40
3432,3031,50
1247,0031.70
1837,0032.00
1738,0033.00
1641.,0036.00
1544.0040.00
2039,0034.00
2243.,0039.00
2557.,5044,00
3658,8043.00
1929.6028.00
2132.4032,00
2333,6034.00
2443,6042.00
2644,6043.00
3050.0044.00
2960,0045.00
2852,5049.00
2755,0051.00
3152,6051.00
3256:6055.00
3361,46060.00

| 99999
9 ~ 99999
10 — 99999
11 — 99999

102548.5047,50
103649,3047,30
102950,0048,00
101834,5034.50
102040,0039.00
102244.0043.00

(S VPR S R

'y
2
2

&4

2, 100,
2+ 100,

2, 100,
2. 100,

EXHIBIT 4-1.
(Continued)
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020
15
+020
+020



12 — 99999

7
13 15
99999

14 — 99999
15— 1

18 — 79999,

20— 1

21

9
10
120
/30
.40
/50
60
70
80
190

1,00

1,10

1,20

1,30

1,40

1,50

1,60

1,70

1,80

1.90

2,00

2,10

15 18 27
00
5.00
10.00
20,00
30,00
40,00
30,00
80,00
110,00
150,00
200,00
240,00
260400
280,00
300,00
310.00
315,00
320,00
330,00
350.00
380,00

33

01 10
+04 +30
W07 1.00
A1 1,30
16 2,00
23 2,30
+31 3,00
+43 3+40
+44 3,80
+44 4,20
+40 4,40
39 4,60
+37 4,60
W34 4,50
+30 4,40
24 4,30
+23 4,20
+20 4,10
18 4,00
16 3,90
+14 31.90

EXHIBIT 4-1.
(Continued)
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02
07
W13
20
130
+40
260
1.80
2,84
3.85
4,83
4.81
4,79
4.77
4,75
73
LY,
3.69
3.67
2:65
2.4

+02
06
212
19
+29
39
160
1.80
2,83
3,86
4,90
4.89
4.88
4,87
4.86
84
3.82
3.80
1.78
276
2,74

110
+30
1.2
2:20
3,40
4,80
4.40
8.20
10,20
12,70
14,90
15,40
15.90
15,20
14,00
13,00
12,50
12,00
11,50
11,00
10.50



EXHIBIT 4-2

Bellview-Redmond Road
Example Problem:
Case 1 Results

FETERAL HIGHWAY ADMINISTRATION KX¥% URBAN HIGHUAY DRAINAGE FROGRAM kdkx WATER RESOURCES DIVISION
[EPARTHENT OF TRANSPORTATION KXk b3 444 CAMP DRESSER § MCKEE INC.
WASHINGTON: D.C. et ANALYSIS MODULE 3344 ANNANDALEs VIRGINIA

ANALYSIS MODULE EXAMFLE PROELEM
RELLVIEW REDMOND RGAD' DRAINAGE SYSTEH

INTEGRATION CYCLES 720

LENGTH OF INTEGRATION STEP IS  10. SECONDS

PRINTING STARTS IN CYCLE 121 AND FRINTS AT INTERVALS OF & CYCLES
INITIAL TIME 0.00 HOURS

PRINTED OUTPUT AT THE FOLLOWING 18 JUNCTIONS

k) 28 30 29 102% 1034 34 22 1025
1022 1020 1018 17 18 1018 1012 2 it

AND FOR THE FOLLOWING 14 CONIWITS

29 3! 30 1024 1026 1019 17 19 14
12 1 1014 2 9018 9036 9029

WATER SURFACE ELEVATIONS WILL BE PLOTTED FOR THE FOLLOWING 4 JUNCTIONS
12 18 20 29
FLOW RATE WILL BE PLOTTEL FOR THE FOLLOWING 6 CONDUITS

30 1034 19 1019 i1 12

175



FEDERAL HIGHHAY ADMINISTRATION $XKK URBAN HIGHWAY DRAINAGE PROGRAM XXxx WATER RESOURCES DIIVISION
DEPARTMENT OF TRANSPORTATION e hixd CAHP DRESSER % MCKEE INC.
WASHINGTON, D.C, bait ANALYSIS MODULE itt ANNANDALE, VIRGINIA
ANALYSIS WODULE EXAMPLE PROBLEM
BELLVIEW REDMOND RDAD DRAINAGE GYSTEH

CONDUIT  LENGTH  CLASS AREA  MANNING HAX WIDTH DEPTH  JUNCTIONS INVERT HEIGHT TRAPEZOID
HUMBER {FT) (58 FT)  COEF. (F1 (FT) AT ENDS ABOVE JUNCTIONS SIDE SLOPE
i 1 100, 6 340,00 0,040 16.00 10.00 i 2 200 2,00
2 2 100, & 360,00 0,040 16,00 10.00 2 3 2:00 2,00
2 3 100, 4 360,00 0,040 16.00 10,00 3 4 2.00 2,00
4 4 100, & 360,00  0.040 16,00 10,00 4 3 2,00 2,00 -
S 3 100. & 360,00 0,040 16,00 10.00 3 & 2,00 2,00
é ] 100. 6 360,00 0.040 16,00 10,00 b 7 2,00 2,00
7 7 100, b 15.00  0.030 2,00 3.00 8 3 1,00 1,00
.8 ] 30. & 15,00  0.030 2.00 3.00 9 8 1.00 1.00
9 9 100, b 16,00 0.025 0.01 2.00 10 ? 4,00 4,00
10 10 100. & 16,00 04025 0.01 2.00 it 10 4,00 4,00
i1 1 50, é 16,00 0,025 0.0t 200 1012 1 4,00 4,00
12 i 10¢. 6 8.32  0.040 2:00 1.60 14 35 2,00 2,00
13 34 100. é 4,00 0,030 2,00 1,00 13 14 2,00 2,00
14 13 40, b 4,00 0,030 2.00 1,00 34 13 2:00 2,00
13 12 60, 1 0,79 0,013 1.00 1,00 12 34
ié4 14 40, 1 0.79 0,013 1.00 1,00 18 12
17 17 60, 1 177 0,015 1.50 1,50 17 18
18 16 100, i 1,77 0,015 1,350 1,50 16 17
19 15 100. 1 1,77 0,015 1,30 1,50 15 1
20 19 100, 1 0.38  0.015 0.70 0.70 20 18
21 21 100, 1 6.38 0,015 0.70 0,70 2 2
22 4 100, 1 0.38 0,015 0.70 0.70 noxn
23 26 30, i 0:38 0,015 0:70 0.70 6
24 18 40, b 8,32 0.040 2,00 1.60 19 14 2,00 2,00
s 20 100, & 8,32 0.040 2,00 1.60 A 9 2,00 2,00
26 2 100, & 8,32 0,040 2400 1,40 2 A 2400 2,00
27 2 160, b 8,32 0.040 2.00 1460 P2 A 2,00 2,00
28 23 100, 6 8,32 0.040 2,00 1.60 2 24 2:00 2,00
29 27 40, é 8.32  0.040 2.00 1.60 0 24 2,00 2,00
30 30 £0. 1 177 04015 1.50 1,50 ¥ X
k3! 29 100, 1 1,77 0,013 1,50 1,50 B
32 28 106, 1 1,77 0,013 1,50 1,90 708
33 i 100. 6 8.32  0.040 200 1,60 n =0 2,00 2,00
34 32 100, ] 8,32 0,040 2:00 1.60 373 2,00 2,00
35 33 100. b 8.32 0,040 2.00 1,60 33 2:00 2,00
36 1014 40. & 12,50 0,040 0.01 0,30 1018 1012 1,50 0.00 60.0040.00
37 1019 100, & 7030 0,040 0.01 0.50 1020 1018 0,00 1,30 30.0030,00
38 1021 100, & 20,00 0.040 0.01 1,00 1022 1020 30.0010.00
k5 1024 100, b 11.25 0,040 0.01 0.50 1035 1022 460.0030,00
40 1024 100, & 20,00 0,040 0.01 1,00 1036 1025 0.50  0.00 30.0010.00
41 1036 0. & 3375 0.040 0.01 1,50 1029 1034 0,50  0.50 20,0010.00
42 7012 100. 1 .14 0.020 2.00 2,00 1012 12
43 9018 100. 1 314 0,015 2,00 2,00 1018 18
44 9029 100, i 314 0,020 2,00 2,00 1029 29
43 9034 100, i 314 0,020 2.00 2,00 1036 3¢

Hk UARNING xxx (CRDELY/LEN) IN CONDUIT 118
Rkk UARNING f4kx (CRDELT/LEN) IN CONDUIT 218

1.8 AT FULL DEFTH.
1.
¥Xkk WARNING fkkx (CRDELT/LEN} IN CONDUIT 38 L
1
1
1

8 AT FULL DEFTH.
8 AT FULL DEPTH,
HX%Ek UARNING xikk (CRRELT/LEM) IN CONDUIT 4 IS 1.B AT FULL DEFTH,
KX2% UARNING %dk% (CYDELT/LENY IN CONDUIT 318 1.8
8

KEAX WARNING %fkk (CKDELT/LEN) IN CONDUIT 615

AT FULL DEFTH.
AT FULL DEPTH.

‘176
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£xxx WARNING XXX (CXDELT/LEN} IN CONDUIT
KEXX WARNING kkx% (CXDELT/LEN) IN CONDUIT
KXY YARNING xkkx (CXDELT/LEN) IN CONDUIT
$14% WARNING $%xk (CXDELT/LEN) IN CONDUIT
¥XXX WARNING ®kkk (CRDELT/LEN) IN CONDUIT
REXX WARNING tixx (CXDELT/LEN) IN CONDUIT
AXXE WARNING obkx (CXDELT/LEN) IN CONDUIT
KKKk WARNING k¥xk (CHDELT/LEN) IN CONDUIT
KEKX WARNING &xxx (CADELT/LEN) IN CONDUIT
XXxx WARNING xkkx (CKDELT/LEN) IN CONDUIT

815 3
1115 1
1315 1
1415 1
1715 1
1818 1
2715 1
0IS 1
1014 1§ 1
1036 Is 1

177

+
1]
+
¢
+
+
+
*
+

6

3
4
4
2
2
8
2
0
4

AT FULL DEPTH.
AT FULL DEPTH,
AT FULL DEPTH.
AT FULL DEPTH.
AT FULL DEPTH.
AT FULL DEPTH,
AT FULL DEPTH,
AT FULL DEPTH,
AT FULL DEFTH.
AT FULL DEPTH,



FEDBERAL HIGHWAY ADMINISTRATION

DEPARTHENT OF TRANSPORTATION

WASHINGTONs D.C.
ANALYSIS MODULE EXAMPLE PROBLEM

—_ e = s

[
LR e B S S0 0 N DL B ] P

—_ e s
3 00~ o~

o g ]

[ I X I 8 I
el PRI =

2
on

BELLVIEW REDMOND RDAD DRAINAGE SYSTEM

JUNCTION
NUMBER

—
=d = I~ = S = N X I S MU o%

1012
35
14
13
34
12
18
17
16
15
20

22

25
34
19
21
23
24
24
30

2
Z

28
27
3
32
33
1025
1034
1029
1018
1020
1022

GROUND
ELEY,

22,15
22.10
22,03
22,00

21,95

21.90
21.85
15.50
29,00
34,00
37,50
37.00
21,61
26,61
30.40
32450
47,00
37,00
38,00
41.00
44,00
39.00
43.00
374359
38,80
29,60
33,60
35,460
43,60
44,60
30400

CROWN
ELEV,

22415
22,10
22,03
22,00
21,95
21,90
21.85
15,30
29.00
34,00
37,350
37,00
21,60
26460
30.40
32450
3370
34,00
34,350
37,50
41,50
36470
39.70
44,70
47.00
29.60
33,60
33460
43,60
44,60
45,60
47,00
90,50
52450
32,60
36460
6160
48,50
49,30
50,00
36.50
40,00
44,00

¥kk% URBAN HIGHWAY DRAINAGE FROGRAM XXxx

L334
KXkX

INVERT
ELEV,

12,15
12.10
12,035
12,00
11.95
11,90
11,83
12,50
26400
32,00
35450
35,00
20,00
253400
29.40
31.50
31,70
32,00
33,00
36400
40,00
36,00
39.00
44,00
45.00
28,00
32,00
34,00
42,00
41,00
44,00
4500
42,00
91,00
31,00
55,00
60,00
47,50
47,30
48,00
34,50
39,00
43,00

RINST
{CFS)

0.00
0.00
0.00
0,00
0,00
0.00
0.00
000
¢.00
0.00
0.00
0,00
0,00
0.00
0.00
0400
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0,00
0.00
0.00
0,00
0,00
0.00
0,00
0.00
0.00
0.00
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ANALYSIS MODULE

XXX
Lt

CONNECTING CONIUITS
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on
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[y
n

L B
2 N0

26
18

]
&

2

23
25

)
&

30
29
28
L
32
33
1624
1024
1026
1014
1019
1021

[= S A N g U S ]

10
1
1014

34
13
12
14
17
16
15

21

24

]
&

9034
20
22

]
I

2
27
30
9
28

32
33

1026
1034
2029
1017
1021
1024

9012

18

7012
19

9034

9018

WATER RESOURCES DIVISION
CAMF DRESSER & MCKEE INC.
ANNANDALE, VIRGINIA

9018



FEDERAL HIGHWAY ADNINISTRATION XX1x URBAN HIGHWAY DRAINAGE PROGRAM #¥%% WATER RESDURCES DIVISICN
DEPARTMENT OF TRANSPORTATION ey 3444 CAMP DRESSER § MCKEE INC.

WASHINGTON> D.C. 4et) ANALYSIS MODULE 334 ANNANDALE» VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
RELLVIEW REDMOND RDAD DRAINAGE SYSTEM

FREE GUTFLOW AT JUNCTIONS 7 35

CONDUIT JUNCTION JUNCTION

90046
20047 3

~

0
0

(2]

INITIAL HEARS, FLOWS AND VELOCITIES ARE ZERD
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FEDERAL HIGHWAY ADMINISTRATION Kkt URBAN HIGHWAY DRAINAGE PROGRAH
DEPARTMENT OF TRANSPORTATION ¥ex
WASHINGTONs D.C. 414 ANALYSIS MODBULE

ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

Kkxxkk SYSTEM INFLOWS (CARDS) AT 0.10 HOURS FOR 6 JUNCTIONS

1/ 0.00 3/ 0.0 13/ 0.10 18/ 0.02 27/ 0.02
XKKkkk SYSTEM INFLOWS (CARDS)Y AT 0,20 HOURS  ( JUNCTION / INFLOWNCES )

1/ §.00 9/ 0.04 157 0,50 18/ 0.07 27 0.06

pits]

FRbe

p2s4]

33/

33/

WATER RESOURCES DIVISION
CAMF DRESSER & MCKEE INC.

ANNANDALE, VIRGINIA

0.10

0.3

CYCLE b TIME 0 HRS - 1,00 MIN

JUNCTIONS / DEFTHS
v 0.3 2/ 0,18 i/ 0,01 4 0,00 3/ 0,00
g7 0.00 10/ 0,00 11/ 0.00 1012/ 0.00 357 0.00
34/ 0,00 12/ .00 187 0,05 17/ 0,45 16/ 0,13
22/ 0,00 /0 0.00 36/ 0.00 19/ 0.00 217 0.00
26/ 0.00 30/ 0.00 29/ 0,01 28/ 0400 277 0,00

33/ 0,00 1025/ 0.00 1036/ 0,00 1029/ 0,00 1018/ Q.00

CONDUITS / FLOWS
1/ 3.58 2/ 0.95 3 0,00 4/ 0,00 3 000
8/ 0.00 10/ 0,00 11/ 0.00 I35/ 0.00 347 0.00
14/ 0.00 17{ 0,13 16/ 0.30 15/ 0.00 19/ .00
26/ 0.00 18/ 0.00 20/ 0,00 227 0,00 23/ 0.00
30/ 0.00 29/ 0.00 28/ 0,00 7 00t 2/ 011
1019/ 0,00 1021/ 0.00 1024/ 0.00 1026/ 0,00 1034/ 0,00

9029/ 0,00 9036/ 0.00 90046/ 0.00 90047/ 0.00

A

14/

23/

31/

1020/

6/

1y

21/

33/

9012/

0.00

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.00

0.00

0,00

0.00

7/

13/

20/

2/

3

1023/

8/

0.00



A summary of junction depths and
conduit flows as shown above is
printed at every INTER cycles.

TOTAL SYSTEM INFLOW VOLUKE = 1284473, CU FT

JUNCTION OUTFLOWS AND
STREET FLODDING

JUNCTION OUTFLOW, FT3

7 289845,
8 137486,
35 102960,
TOTAL 1230291, CU FT
VDLUME LEFT IN SYSTEM = 97415, CU FT

ERROR IN CONTINUITYs PERCENT = -0.20
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FEDERAL HIGHWAY ADMINISTRATION

DEFARTHENT OF TRANSPORTATION

HASHINGTONs D.C.
ANALYSIS MODULE EXAMPLE PROBLEN

FEREE XA R XL NRXIINENELX

JUNCTION 31
GRND  52.60
ELEV  DEPTH

.21 0.2
a2 022
3.2 0.23
.25 0.3
.26 0,26

51,27 27
il.28 0.28
51,30 0.30
31,31 0.31
51,32 0,32
31,33 0,33
3135 0.35
S1.36 0,36
51,37 0.3
%1.38 0,38
51,40 0.40
3,41 0.4
91,42 0.42
51,41 0.4
31.44 0.4
51,45 0.45
51.47 0,47
51.48  0.48
u1.4%  0.49

.30 0,50
9191 0,51
32 0432
31,33 0.53
31,58 0,35
1.9 0.56
3157 0,37
91.58  0.58

31.5%9 0.5
91,60  0.60
3161 0.61
3l.62  0.62
.64 0.64
5163 0465
31.66  0.66
S1.68  0.48
51,69 0.49
70 070
vt 0,71
.72 0,72
373 0.73

XXXt URBAN HIGHWAY IRAINAGE PROGRAM fxxx

ny
344

BELLVIEW REDMOND ROAD' DRAINAGE SYSTEM

TIWNE HISTORY OF Hi 6. L.
(VALUES IN FEET)

JUNCTION 28

GRND
ELEV

49.09
49,10
49.10
49,10
49.11
49.11
49.11
49.12
49.12
49,13
49.13
49.13
49,14
49.14
49.14
49.15
49,15
49.16
49.14
49.17
49.17
49.18
49,19
49.21
49,23
49,26
49,28
49.30
49,32
49,33
49.35
49.36
49,37
49,39
49,40
49,41
49.42
49.44
49.45
49,46
49.47
49.48
49.49
49,30
49,51

52,50

DEPTH

0.09
0.10
0,10
0.10
0.11
0.11
0.11
0.12
0.12
0.13

+

- + = - =

-

A . T e
—
0NN B o

cooCco oo oo
TS o e e A b A s et et b e b

-
A
el = ~O

=]
-

ra
o

ANALYSIS MOLULE

JUNCTION 30
GRND 50,00
ELEV  DEPTH

44,26 0,26
44,28 0.28
44,29  0.29

44,31 0,31
44,33 0,33
44,35 0,35
44,36  0.34
44,38 0.38
44,40  0.40
44,41 0.4
44,43 0.43
44,44  0.44
44,46  0.46
44,48  0.48
44,49 0,49
44,51 0.5
44,52 0.52
44,34 0,54
44,35 0,35
44,57 0,97
44,58  0.58
44,60 0,40
44,61 0.61
44,63 0.63
44,65 0,63
44,67  0.67
44,69 0.49
4.1 071
44,73 0.73
44,76 0.76
44,78 0,78
44,79 0.79
44,81 0.81
44,83  0.83
44,84 (.84
44,86  0.86
44,88  0.88
44,91 0.9
44,93 0.93
44,95 0.9
44,97 0.97
44,98  0.98
45.00  1.00

45,01 1.01
45,02 1,02

182

nu
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JUNCTION 29
SRND 60,00
ELEV  DEPTH

45,46  0.46
45,49  0.49
43,52 0,52
43,35 0,33
45,58 0.58

45,61 0,61
45.64  0.64
45,67  0.67
45,70 0,70
45,73 0,73
45,76 0,76
£5.79 079
45.82  0.82
45,85  0.85
45.88  0.88
5,92 0.92
4595 0.9
45.98  0.98
46,02 1.02
46,05  1.03
46,09  1.09
46,13 1.13
46,17 1.17
46,21 1.2
46,27 127
46,31 1,33
46,40  1.40
46,47 1.47
46,54  1.34
46,61 1.61
44,68  1.48
46,74 174
46,81 1.81
46.8%  1.89
46,96 1,96
47,07 2,00

47,33 2,00
47,56 2,00

47,74 2.00
47,91 2,00
48,05  2.00
48.20 2,00
48,35 2,00
48,50 2,00
48,64 2,00

JUNCTION 1029

GRND 50,00
ELEV  DEPTH
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00  0.00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48.00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00 0,00
48,00  0.00
48,00 0,00
48,00 0,00
48,05 0,05
48,20 0,20
48,35 0,35
48,50 0,50
48,63 0,43

WATER RESOURCES DIVISION
CAMF DRESSER & MCKEE INC.
ANNANDALEy VIRGINIA

FXXRERIRRXRLRLILREER

JUNCTION 1036

GRND 49,30
ELEV  DEPTH
47,30 0,00
4,30 0,00
42,30 0,00
42,30 0,00
47,30 0,00
42,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
4,30 0,00
47,30 0,00
47,30 0,00
4,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
42,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
42,30 0,00
4,30 0,00
47,30 0,00
47,30 0,00
47,3 0,00
47,30 0,00
47,30 0,00
472,30 0,00
4,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
47,30 0,00
4,34 0,04



1. 5
1. 6
1.7
1. 8
1.9
1,10
1.1
1,12
1.13
1.14
1.15
1,16

1.17
1.18

1.19
1,20
L2
1.22
1,23
1.24
1.25
1,26
1.27
1.28
1,29
1,30
1.3
1,32
1,33
1,34
1,35
1,36
1,37
1,38
1,39
1.40
1.41
1,42
1,43
1,44
1,45
1.46
1.47
1.48
1.49
1,30
1.5t
1,52
1,53
1.54
1,55
1.56
1.97
1,58
1,59

a1.74
.75
31475
51,75
31,76
51,76
91476
31,76
31477
.77
51.77
51,77

51,77

31,78
51.77
3,77
3177
51,77
91,76
91.76
.76
91,75
3175
31,74
31,74
51,73
31.73
31,72
91,72
91,71
5.7
31,70
51,720
31,70
01,49
31,69
S1.69
91,69
51,69
51.48
91,68
91,68
31.68
31467
91467
31,67
51,67
31,66
51.66
91,66
51466
51463
51465
51465
31465

0.74
0.75
0.73
0+73
0.76
0.76
0.76
0.76
0.77
0.77
0.77
0.77

0.77
0.78
0.77
0.77
0.77
0.77
0.76
0,76
0.76
0.75
0.75
0,74
0.74
0.73
0.73
0.72
0.72
0.71
0.71
0.70
0.70
0.70
0.49
0.49
0.69
0.6%
0.49
0.68
0.68
0.68
0.48
0.67
0.67
0.67
0,67
0466
0.66
0,66
0.66
0,65
0,63
0,65
0465

49,32
49,53
49,53
49,53
49,53
49.53
49.53
49,53
49,53
49.53
49,53
49,53
49,33
49,33
49.53
49,53
49,53
49,53
49,53
49,53
49.53
49.53
49,53
49,53
49,53
49.53
49.49
49,45
49.40
49,35
49,29
49,23
49.27
49,32
49.36
49,40
49,44
49.47
49,47
49,47
49,47
49.47
49,47
49.47
49,46
49,44
49,46
49.46

49,46

49,44
49.45
49.44
49,43
49.42
49.41

0452
0,53
0,53
0,33

0,53

0.53
0.53
0.53
0.53
0.53
0.53
0.53
0.53

0,53
0.53
0.53
0.53
0.33
0.53
0,53
0.53
0.53
0,53
0,53
0.53
0.49
0,45
0.40
0.35
0,29
0,23
0.27
0,32
0.36
0.40
0.44
0.47
0.47
0.47
0.47
0.47
0.47
0.47
046
0,44
0,45
0.46
0.46
0.44
0.45
0.44
0.41
0.42
0.41

45,03
45,04
435,04
45,04
45,05
45,05
45,03
45,05
43,05
453,03
45,05
45.0%
45,03
43,05
45,05
45,03
45,05
45,05
45.05
43,05
45,05
45.04
45,04
43,04
45.04
45.04
45,03
435,02
45,01
44,98
44,96
44,93
44,91
44,92
44,93
44,95
44,96
44,97
44,98
44,98
44,97
44,97
44,97
44,97
44.96
44,9
44,96
44.96
44,95
44.95
44,95
44,94
44,93
44,92
44,92
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1,04
1,03
1.02
1,01
0.98
0.96
0.93
0.91
0.92
0.%93
0.93
0.9
0.97
0.98
0.98
0.97
0,97
0.97
0.97
0.%6
0.%94
0:96
0,96
0.95
0,95
0.95
0,94
0.93
0.92
0.92
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48,73

48,79

48.82
48.83
48,84
48,85
48,83
48.86
48.86
48.87
48,88
48.88
48,89
48,90
48,96

48.89.

48.88
48,87
48,86
48,85
48,84
48,83
48,81
48,79
48,77
48.76
48,70
48.60
48,42
48,20
47,94
47,69
47,58
47,64
47,75
47,87
47,99
48,08
48,14
4814
48,13
48.11
48,09
48,06
48,04
48,01
47,98
47.9%
47,93
47,91
47,86
47,80
47,73
47,64
47,59

2,00
2,00
2,00
2:00
2.00
2,00
2:00
2,00
2.00
2,00
2,00
2,00
2.00
2.00
2,00
2,00
2,00
2,00
2,00
2:00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2.00
2.00
2,00
2,00
2,00
2:00
2,00
2:00
2.00
2,00
2,00
2,00
2.00
2,00
2.00
2.00
2,00
2,00
2,00
2:.00
2.00
2.00
2,00
2,00
2,00
2,00
2,00
2,00

48,71
48,77
48,81
48,81
48,82
43,83
48,83
48,83
48,84
48,84
48,85
43,85
48.86
48,84
48.86
43,86
48,85
48,85
48,84
48,83
48,83
48,81
48,80
48,79
48,77
48,75
48,71
48,40
48,42
48,20
48,06
48,03
48,02
48,01
48,01
48,01
48,01
48,08
48,14
48,15
48,13
48,11
48,09
48,04
48,04
48,02
48,01
48,01
48,01
48,01
48,00
48,00
48,00

-48,00

48.00
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0.8
0,86
0.86
0.8
0.86
0.85
0.83
0,84
0.83
0.83
0,81
0.80
0.79
0.77
0,73
0.71
0,40
0.42

20
0.06
0.03
0,02
0.01
0.01
0.01
0.01
0.08
0.14
0.15
0.13
0.11
0.09
0.06
0.04
0.02
0.01
0,01
0,01
0.01
0,00
0.00
0.00
0.00
0.00

47,53
47,55
47,60
47,62
47,63
47,64
47,64
47,65
47,66
47,64
47,67
47.68
47,68
47 .69
47,69
47,489
47,48
47,67
47.66
47,45
47.64
47,62
47.40
47.39
47,57
47,34
47,49
47,40
47,34
47,12
47.31
47,31
47.30
47.30
47,30
47,30
47,30
47,30
47,30
47,30
47,30
47,30
47,30
47,30
47,30
47,30
47,30
47,30
47.30
47,30
47,30
47,20
47,30
47,30
47,30

0,23
0,25
0,30
0,32
0,33
0,34
0,34
0,35
0,36
0,36
0,37
0,38
0,38
0,39
0,39
0,39
0,38
0,37
0,36
0,35
0,34
0,32
0,30
0,25
0,27
0,24
0,19
0,10
0,04
0,02
0.01
0,01
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0.00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00



FEDERAL HIGHWAY ADMfNISTRATION

DEPARTMENT OF TRANSPORTATION
WASHINGTON: D.C.
ANALYSIS HODULE EXAMPLE PROBLEM

KRRy xx X x e s xxx

TIME
HR + HIN

0,20
0.21
0,22
0.23
G.24
0,25
0.24
0.27
0.28
0,29
0,30
0.31
0,32
0.33
0.34
0,33
0.36
0.37
0.38
0,39
0.40
0.41
0.42
0,43
0.44
0.43
0.46
0.47
0.48
0.49
0,50
0.51
0.52
0.53
0.54
0,53
0.56
0.97
0.58
0,59
L0
1.1
1,
1,

[

o

BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

JUNCTION 36

GRNL
ELEY

43.00
45,00
45,00
43,00
45,00
45.00
45.00
45,00
43,00
45,00
43,00
45,00
45.00
43,00
45,00
45.00
453,00
43,00
45.00
43,00
45,00
45,00
43,00
45,00

45,00

45,00
45,00
45,00
45,00
45.00
45.00
43.00
45.00
43,00
45,00
45.00
45,00
45.00
45,00
45,00
45.00
45,00
45,00
45,00
435,00

38.80
BEPTH

0.00
0,00
0.00
0.00
0.00
0.00
0.00
.00
4.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0,00
0.00
0,00
0.00
0,00
0.00
4.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
¢.00

KKkk UREAN HIGHWAY DRAINAGE PROGRAM ¥ikk

Xy
Kbk

TIKE HISTORY OF He 8Ly
(VALUES IN FEET)

JUNCTION 22
GRNDU 43,00
ELEV  DEFTH
37,00 0.00
39,00 0,00
39.00  0.00
39,00 0.00
39,00 0.00
39,00 0.00
39,00 0,00
39,00 0,00
39.00  0.00
39,00 0.00
39.00  0.00
39,00 0.00
39,00 0,00
39,00 0,00
39.00  0.00
39,00 0,00
39.00  0.00
39.00  0.00
39,00 0.00
39,00 0.00
19,00 0.00
32,00 0.00
39,00 0,00
39.00  0.00
39.00 0,00
39,00 0.00
32,00  0.00
9,00 0.00
39.00  0.00
39,00 0.00
39,00 0.00
39.00  0.00
39.00  0.00
39,00 0.00
39.00  0.00
39,00 0,00
39,00 0.00
39,06 0.00
39,00 6.00
39,00 0.00
39.00  0.00
39,00 0.00
39.00  0.00
39.00 0,00
300 0.00

ANALYSIS MODULE

JUNCTION 1025
GRND 48,30

ELEY

47,50
47,50
47.50
47,50
47,30
47,50
47,30
47,50
47,30
47,50
47,30
47,50
47,50
47,50
47,50
47,30
47,50
47,50
47,30
47,50
47,50
47.506
47,50
47,50
47.50
47,50
47.%0
47,50
47,50
47,50
47,50
47,50
47,30
47,50
47.50
47,50
47,30
47,50
47,50
47.50
47,30
47.50
47,50
47,50
47.50

BEPTH

0,00
0,00
0,00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0,00
0,00
0.00
0.00
.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0,00
0,00
0.00
0.00

184

JUNCT
GRND
ELEV

43,00
43,00
43,00
43.00
43,00
43,00
43,00
43,00
43,00
43.00
43,00
43.00

3,00
43.00
43,00
43,00
43.00
43.00
43.00
43,00
43.00
43.00
43,00
43.00
43.00
43.00
43,00
43,00
43,00
43,00
43,00
43,00
43.00
43.00
43,00
43,00
43,00
43,00
43,00
43.00
43,00
43,00
43.00
43,00
43,00

8831
LLed]

10N 1022
44,00
DEPTH

(.00
0.00
0.00
.00
0400
.00
0,00
6.00
0.00
0.00
0.90
.00
0,00
6,00
0.00
0.00
0.00
0,00
0,00
0.00
0.00
0.00
G.00
6.00
.00
0.00
0,00
0.00
0.00
.00
0,00
0.00
0.00
0,00
.00
0.00
.00
0.00
0,00
0.00
0.00
.00
§.00
0.00
0.00

WATER RESOURCES DIVISION
CANF DRESSER & MCKEE IMC.

ANNANDALE: VIRGINIA

JUNCTION 1020

GRND
ELEV

39.00
39.00
39,00
39.00
39,00
39,00
39,00
39,00
39.00
39,00
39,00
39,00
39.00
39.00
39,00
39.00
19.00
39.00
39.00
39.00
39.00
39.00
19.00
39,00
39.00
39,00
39.00
39.00
39.00
39,00
39,00
39.00
39.00
19,00
39.00
39,00
39.00
39.00
39.00
39,00
39,00
39.00
39,00
39.00
19.00

40.00
NEPTH

0.00
0.00
0,00
0,00
0,00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0,00
0,00
0,90
0.00
0,00
0.00
0,00
0.00
0,00
0.00
0.00
0,00
9.00
0.00
0.00
0,00
0,00
0.00
0.00
0.00
0,90
0.00
0,00
6.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.00
0.00

I S R R R SRR R

JUNCTION 1018

GRND 34,50
ELEV  DEPTH
3,50 0,00
.50 0,00
34,50 0,00
W50 0,00
50 0,00
3,50 0,00
3,50 0,00
34,50 0,00
3,50 0,00
34,50 0,00
30,50 0,00
.50 0,00
34,50 0,00
W50 0,00
3,50 0,00
450 0,00
3,50 0,00

34,50 0.00
34,50 0.00
34,30 0.00
34,50 0.00

3450 0.00
34,50 0.00
3050 0400

3450 0,00
34,52 0.02
34,75 0,25

34,99 0.49
LD 0%
35,54 1.04
15,84 1,34
3606 1,56
36,43 1,63
36,17 1.67
36,18 1.68
36,20 1,70
8.2 1
36,21 1.72
3623 173
36,24 - L4

36,25 1,75
36,26 174
36,26 1,76
36,22 w77
36,27 L.77
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.21
1,22
1.23
1.24
1,25
1.26
1,27
1,28
1.29
1,30
1,31
1.32
1,33
1.34
1,35
1.36
1.37
1,38
1.39
1.40
1.41
1.42
1.43
1.44
1,43
1.46
1.47
1.48
1.49
1,30
1.5
1,52
1.53
1,54
1,35
1,56
1,57
1.58
1.59

43.10
45.33
45,46
43.58
45,63
45,66
45,69
45,73
45.76
45.79
45.83
45.86
43,90
43,95
46,03
46.09
46.09
46.04
45.97
45,86
45.77
43.70
45.63
43,56
45.51
45,43
45,39
45,25
43,13
45.07
45,05
45,04
45.03
45,03
45.02
45.02
45.02
43,02
45,01
43,01
45.01
45,01
45.01
45.01
45,01
45.01
43,01
45.01
45,01
45,00
43,00
43.00
435.00
43,00
45,00

.10
0.33
0.46
0.58
0.63
0.66
0.49
0.73
0.76
0.79
0.83
0.84
0.90
0,95
1,03
1.09
1,09
1.04
0.97
0.86
0.77
0.70
0.63
0,56
0.51
0.45
0.39
0:25
0.13
0.07
0.05
0.04
0.03
0.03
0.02
0.02
0.02
0.02
0.01
0.01
0,01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0:00
0.00
0.00
0.00
0.00

39.00
39.10
39,28
39,36
39,39
39,40
39,41
39.42
39,45
39,31
39.62
40,06
40,50
40,73
40.78
40,99
41,10
41,02
40,82
40,66
40,09
39.67
19.48
39.37
39.34
39.31
39.28
39.22
39.14
39.09
39.06
39.05
19.04
39.03
39.01
39.02
39,02
39,02
39.02
39.02
39,01
39,01
39.01
39.01
39,01
39,01
39,01
39,01
39,01
39,01
39.01
39.01
39,01
39,01
39,00

47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47.50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
42,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50
47,50

0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0,00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0,00
0.00
0.00
0.00
0.00
0,00
0.00
0.00

185

43,00
43,00
43,00
43,00
43,00
43,00
43,00
43,00
43.00
43.00
43.00
43,00
43,00
43,00
43,00
43,00
43,00
43.00
43.00
43,00
43,00
43,00
43.00
43.00
43.00
43,00
43,00
43,00
43,00
43,00
43,00
43,00
43.00
43.00
43,00
43,00
43,00
43,00
43,00
43,00
43.00
43,00
43,00
43.00
43.00
43.00
43.00
43.00
43,00
43.00
43,00
43,00
43.00
43.00
43,00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
.00
0.00
0.00
0400
0.00
0.00
0,00
0,00
0.00
0.00
0.00
0:00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0400
0,00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0400
0.00
0.00
0.00
0.00
0,00
0.00

39.00
39.00
39.00
39400
39,00
39,00
39.00
39,00
39,00
39.00
39.00
39.00
39.00
39,00
39,00
39,00
39.00
39,00
39.00
39.00
39,00
39,00
37.00
39.00
39.00
39,00
39.00
39,00
39.00
39,00
39.00
39,00
39.00
37,00
39,00
39.00
39.00
19.00
39.00
39.00
39.00
39,00
39.00
19,00
3%.00
39.00
39.00
39.00
3900
39,00
39.00
39.00
39,00
3%.00
39.00

0.00
6,00
.00
0.00
0,00
0.00
0,00
0.00
0,00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0,00
0.00
0.00
0.00
0,00
¢.00
0.00
0,00
0.00
0.00
0.00
0.00
0,00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0,00
0.00
0.00
0.00

34,28

36,28
36,29
36430
36,30
36431
36,32
36,33
36.34
36434
36,35
36435
36,36
36,36
36,37
36437
36.37
36.37
36,37
36.37
36:37
36,37
36.36
36,36
34,35
36,34
36432
36,29
36,27
36.29
36.23
36,21
36.20
36.21
36,22
36,23
36424
36425
36,26
36426
36,26
36:26
3426
36.26
36,26
36,26
36,24
36+26
36+26
36.26
36.25
36,25
36.25
36.24
36.24

1.78
1.78
1,79
1.80
1.80
1.81
i.82
1.83
1,84
.84
1.85
1.85
1.86
1.86
1.87
1.87
1.87
1.87
1.87
1.87
1.87
1.87
1.86
1.84
1.83
1.84
1.82
1,79
1.77
175
1.73
171
1,70
9% |
1.72
1.73
1.74
L75
1.76
1.74
1,76
1.76
1:76
1.76
1.76
1:74
1.76
1,76
1.76
176
1.75
173
1.75
1.74
1.74



FEDERAL HIGHWAY ADMINISTRATION

DEPARTMENT OF TRANSPORTATION
WASHINGTON: D.C.
ANALYSTS MODULE EXAMPLE PROBLEM

I BRSERERR tzi ¥extxrxxx TIME HISTORY OF HoGsLs
(VALUES IN FEET)

TIME
HR « HIN

0.20
0.21
0.22
0.23
0.24
0,25
0.26
0.27
0.28
0.29
0.30
0,31
0.32
0,33
0.34
0,33
G.36
0.37
0.38
0.39
0,40
0.41
0.42
0443
0.44
0,45
0.46
0,47
0.48
0.49
0,50
0,51
0.52
0.33
0.34
0,33
0,56
0,57
0,38
0,59
1. ¢
1. 1
1.
1.
i

PO

BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

JUNCTION 17
GRND 38,00
ELEV  DEPTH
33,32 0.32
33,33 0.33
33,34 0,34
3335 0,35
35,36 0,36
33.37 0.37
33.38 0,38
3337 0,39
33,40 0.40
33.41  0.41
33.42 0,42
33,43  0.43
3.4 0,43
33,44 0.44
33,45  0.45
33,46  0.44
33,47  0.47
33,51 0,51
33.58  0.58
33.46 0,66
3375 073
33.85  0.85
33.98  0.98
34,13 1415
J4.36 1,36
34,63  1.30
J4.84  1.50
35:07 1,30
RA TR S P
35.62 1,50
3.9 1.50
36,19 1,30
36,25 1,50
36,28 1.50
36,31 1,50
36,34 1,50
36,36 1,90
36,38 1,50
36,41 1,30
36043 1450
36,45 1,50
36.46  1.50
36,48 1,50
36:30 1,50
3651 1,50

EXkk URBAN HIGHWAY DRAINAGE PROGRAM XXX

Xkx
et

JUNCTION 18

GRND 37,00
ELEV  DEPTH
32,53 0,33
32,58  0.58
32,62 0.82
32,67 0.87
32,72 0.72
2,71 07
32,80 0.84
32,90 0.9
32,98 0,98
33,05 1,05
3341 1.1
33,18  1.18
33,24 1.4
33,30 1.30
33.37 1.3
33,43 1.43
33,50 1.30
33,58 1,55
33,60 1.60
3367 1.67
375 LTS
33.84  1.84
3396 1.96
a1 2.00
34,31 2,00
34,55 2.00
34,76 2,00
3499 2,00
3525 2,00
35,54 2,00
35.84 2,00
36,08 2,00
36,15 2,00
35.18  2.00
36.20 2,00
36,23 2,00
36,25 2,00
36.27 2,00
36,29 2,00
36,30 2,00
36,32 2,00
36,34 2,00
36,35 2,00
36,36 2,00
36,38

2,00

ANALYSIS HODULE

JUNCTION 1018

GRNI
ELEV

34,50
34,50
34,50
34,50
34,50
34,50
34,50
34,50
34,50
34,50
34,50
34,50
34,30
34.50
34,50
34.50
34.50
34,50
34,50
34.50
34,50
34,50
34,50
34,50
34,50
34,52
3475
34,99
35,25
15,54
35,84
36406
36413
36.17
36,18
36.20
36.21
36.22
36,23
36,24
3629
36,26
36,26
36,27
36:27

36430
DEFTH

0,00
0.00
0.00
0.00
0.00
0,00
0,00
0,00
0,00
0.00
0.00
0,00
0,00
0,00
0,00
0.00
0,00
0.00
0.00
0,00
0,00
0,00
0.00
0,00
0.02
0,25
0.49
0,75
1.04
1,34
1,36
1,63
1,67
1,68
1,76
1.71
1,72
1.73
1.74
1,75
1,76
1,76
1.77
1.77

186

3¢ 4]

b3i4d

JUNCT
GRND
ELEV

35.00
35.00
35,00
35,00
33,00
35.00
35400
35,00
35.00
35.00
35,00
35.00
35.00
35.00

35,00

35,00
35,00
35,00
35,00
35.00
33,00
33,00
35.00
35.00
35.00
35,00
35.00
35.00
35,00

-35.00

35.00
35.08
35,20
35.32
35,43
3553
35,63
35,72
33,80
15.87
35,93
3597
36.01
36,04
36.07

10N 1012
37,00
BEPTH

0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
.00
.00
0.00
9.08
0.20
0.32
0.43
0.33
0.63
0.72
0.80

0.87 .

0,93
0.97
1.0t
1.04
1.07

WATER RESOURCES DIVISION
CAMF DRESSER & MCKEE INC.

ANNANDALEs VIRGINIA

JUNCTION 12
GRND 47,00
ELEV  DEPTH
32,50 0,80
32,54 0,84
2,57 0.87
32,60 0,91
245 0,95
32,49 0,99
274 1,04
32,78 1.08
32,82 1,12
2,87 117
32,92 1,22
32,96 1.2
3300 1,30
305 1,35
309 1,39
WA 144
33,18 1,48
32 L5
326 1.5
33,30 1,60
336 1466
3344 1,74
3353 1,83
364 194
3379 2,00
33,98 2,00
44 2,00
.32 2,00
M5 2,00
W72 2,00
34,95 2,00
[0B 2,00
3.9 2,00
3531 2,00
3542 2,00
35,5 2,00
35,62 2,00
[ 2,00
/79 2,00
35,85 2,00
31591 2,00
35,95 2,00
35,99 200
36,02 2,00
36,05 2,00

I RS SRR SRR E R RS R R R

JUNCTION 11
BRND 37,50
ELEV  DEPTH
35,50 0,00
35,50 0,00
3550 0,00
35,50 0,00
35,50 0,00
35,50 0,00
35,50 0,00
35,50 0,00
/50 0,00
35,5 0,00
35,50 0,00
35,5 0,00
35,50 0,00
35,50 0,00
35,50, 0,00
35,50 0,00
35,50 0,00
35,50 0,00
35,50 0,00
35,50 0,00
35,50 0,00
35,50 0,00
35,50 0,00
350 0,00
35,50 0,00
35,50 0,00
/S0 0,00
35,50 0,00
35,50 0,00
35,50 0,00
35,50 0,00
35,50 0,00
3550 0,00
35,50 0,00
35,50 0,00
1[50 0,01
/g2 0,12
170 0,20
175 0.5
B9 0,29
35,83 0,33
5.8 0,36
35,89 0,39
/.91 0.4
35,93 0,43
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1.30
1,51
1,52
1,53
1,54
1,53
1,36
1,57
1,58
1,59

34,52
36454
36457
36460
36461
36.62
36,64
36465
36,46
36,47
34,67
364,48
36,69
36,70
36,70
36470
36:70
36,70
36,70
3670
36,469
36,68
36.67
36466
36,84
36,62
36,38
36,53
36.48
36,43
36.38
36,35
36,36
36,37
36,39
36.41
36,42
36444
36,45
36,45
36,45
36,45
36445
36,45
3645
36,45

36045

36,44
36.44
36,44
36,43
36,42
36.41
36+40
36439
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1,50
1.50
1,50

36,39
36,40
36444
36,46
36.47
36,48
36449
36,50
36,51
36,52
36,52
36.53
36454
36,54
36435
36,35
36455
36,55
34.55
36455
36434
36,33
36,53
36.51
36,50
36,48
36.44
36,38
36,33
36.29
36,25
36,22
36,23
36,24
36.26
36,28
36.30
36.32
36,32
36,33
36.33
34,33
36.33
36,33
36,33
36.33
36433
36.33
36.32
36,32
36,32
3631
36,30
36,29
36.28

2,00
2,00
2,00
2,00
2,00
2:.00
2,00
2,00
2,00
200
2,00
2.00
2,00
2,00
2,00
2,00
2:00
2,00
2:00
2,00
2.00
2,00
2:00
2.00
2,00
2:00
2,00
2.00
2.00
2,00
2.00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2:00
2,00
2,00
2.00
2,00
2,00
2,00
2,00
2.00
2,00
2,00
2,00
2,00

36,28
36,28
36,29
36,30
36,30
36.31
36,32
36,33
36,34
36,34
36435
36,35
38,34
36.36
36,37
36,37
36,37
36,37
36,37
36,37
36,37
36,37
36,38
36,34
36,35

" 36,34

36,32
36,29
36,27
36,25
36.23
36,21
36,20
36.21
36,22
36.23
36.24
36,25
36026
36426
36426
36.26
36426
36.26
36,26
36,26
36.26

36.26
36.26
36425
36423
36,25
36424
36,24
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1.87

187

36,09
36,11
36,13
36.16
36,19
36,21
36,22
36,23
36,23
36,24
36425
36,25
36425
36,26
36,26
36,26
36.27
36,27
36,27
36,27
36,27
36426
36,24
36,26
36,25
36424
36,22
36420
36,15
36.09
36,03
35.96
35,90
35.87
35.86
35.88
3590
35,94
3597
36.00
36,02
36,03
36,03
36.04
36,04
36,04
36,04
36.03
36.03
36,03
36.03
34,02
36401
36400
35.98

36.07
36409
36,11
36.14
36,16
36,18
36,19
36,20
36,21
36,21
36,22
36,22
36,23
36.23
36.23
36,24
36.24
36,24
36,24
36424
36.24
36,23
36.23
36,22
36.22
36,21
36.19
36,16
36,12
36406
36,00
35.94
35.88
35,86
35,83
35,86
33,89
35,92
35.95
35,98
35,99
36.00
36.01
36,01
36401
36.01
36,01
36,01
36,01
36,01
36,01
36400
35,99
3597
35.96

2,00
2,00
2,00
2,00
2,00
2,00
2,00
2:00

2,00

2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2:00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2.00
2.00
2,00
2,00
2,00
2,00
2,00
200
2,00
2,00
2,00
2.00
2,00
2,00
2,00
2,00
2,00
2.00
2,00
2.00
2,00
2,00
2,00
2,00
2:00
2,00
2,00
2,00

15.94

35.93
35.94
15.98
36.00
36,01
36,02
36403
36,03
36,02
36,04
36.04
36.04
36.04
36,05
36.05
36405
36405
36,05
36.09
36,05
36,05
36,03
36,04
36,04
36,03
36,03
36,01
35,98
3593
35.91
35.87
35.83
35480
35.80
35,80
35.82
35.84
35.86
35.88
35.89
35.90
35,90
359
3591
35.91
3591
35.91
15,91
35:90
35,90
3590
35,89

35.88

35.87

> b o0 1 oon

<

-
o L] .Ul LA oLn N oen
— Cnl Lo

<>
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0.48
0,45
0.41
0.37
0.33
0.30
0.30
0,30
0.32
0.34
0'36
.38
0.39
0.40
0.40
0.41
0,41
0.41
6.4
0.41
0.41
0.40
0,40
0.40
0.19
0.38
0,37



FEDERAL HIGHWAY ADNINISTRATION ¥xtx-URBAN HIGHWAY DRAINAGE PROGRAM s¥%% WATER RESOURCES DIVISION
DEPARTKENT OF TRANSPORTATION 1 itt CAMP DRESSER & MCKEE INC.
WASHINGTON: D.C. 384 ANALYSIS MODULE *Xxx ANNANDALEs VIRGINIA
ANALYSIS MODULE EXANPLE FROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

LR A T AR A A A Y B B A A B Y A SUNHARYST'ATISTICSFURJUNCTIUNS [ ANE AN SR A A A B B B B A A A

UPPERNOST HAXTHUM TIME FEET OF FEET HAX. LENGTH
GROUND FIPE CROWN -CONPUTED OF SURCHARGE DEPTH IS OF

JUNCTION ELEVATION ELEVATION "~ DEPTH  OCCURENCE AT MAX. BELOW GROUND SURCHARGE
NUMBER (FT) (FT) (FT)  HR. MIM, DEFTH ELEVATION (KIN)
1 22,15 22,13 4,27 2 0 0.00 3.73 0.0
2 22,10 22,10 4.10 2 0 0.00 5490 0.0
3 22,05 22,05 3.88 2 0 0,00 6412 0.0
4 22,00 2:00 371 2 0 0.00 6:29 0.0
S 21,95 21,95 3.50 2 0 0.00 6450 0.0
6 21.90 21,90 3.19 2 0 0.00 6.81 0.0
7 21,85 21.85 1.96 2 0 0,00 8,04 0:0
8 15.50 13,50 3.00 1 10 0.00 0.00 0.0
9 29.00 29,00 0.24 124 0.00 2:76 0.0
10 34,00 34,00 0.75 1 2 0.00 1.25 0.0
1 37,50 37,50 0.33 1 23 0.00 1,45 0.0
1012 37.00 37,00 1.27 1 23 0.00 0.73 6.0
35 21,61 21,60 115 1 21 0,00 0.46 0.0
14 26,61 26,60 1.00 1 2 0.00 0.61 0.0
13 30,40 30.40 0.41 1 23 0,00 0.59 0.0
34 32,30 32,50 0.39 1 23 0.00 0.61 0.0
12 47.00 33.70 4.54 1 23 2454 10,76 7645
18 37.00 34,00 4,55 1 22 2,55 0,45 7747
17 38,00 34,50 3.70 1 22 2,20 1.30 75.3
16 41.00 37,30 0.89 1 2 0.00 4,11 0.0
15 44,00 41,50 0.51 1 17 0.00 3.49 0.0
20 39.00 36.70 2.82 1 2 2.12 0.18 25.0
22 43,00 39,70 2.10 1 2 1,40 1.90 10.3
] 37,50 44,70 0.42 1 2 0.00 13,08 0.0
36 58.80 47,00 1.10 1 2 0.00 12,70 0.0
19 29.60 29,60 0.89 1 20 0.00 0.71 0.0
A 33.460 33,60 0.99 1 2 0.00 0.61 0.0
2 35.60 33,60 .21 120 0.00 0.39 0.0
24 43,60 43.60 0.79 1 19 0.00 0.81 0.0
26 44.60 44,60 1.39 1 19 0.00 0.01 0.0
30 50.00 45,60 1.05 1 19 0.00 4,95 0.0
29 40,00 47.00 3.90 1 19 1,90 11,10 65:3
28 32.30 50.30 0.53 1 7 0.00 2,97 0.0
27 35.00 52,50 0.84 1 7 0.00 3.16 0.0
3 32,60 52,60 0.78 1 19 0.00 0.82 0.0
32 36460 56,60 0,95 1 18 0.00 0.63 0.0
33 61,60 61,60 0.81 1 18 0.00 0.79 0.0
1025 48.50 48,50 0.00 0 0 0+00 1.00 0.0

-
[os]
(o)



FEDERAL HIGHWAY ADNINISTRATION XXXk URBAN HIGHWAY DNRAINAGE PROGRAM Xkkk WATER RESOURCES DIVISION
DEPARTMENT OF TRANSPORTATION XKt i CAMF DRESSER & MCREE INC,

WASHINGTONy B.C. i ANALYSIS MODULE iy ANNANDALE, VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM

BELLVIEW REDHOND ROAD DRAINAGE SYSTEM

[ A A AN A A A B A A | SUHHARYSTQTISTICSFORJUNCTIDNS [N S SNV Y S A A A A A A A

UPPERNOST HAXINUM TIHE FEET OF FEET MAX. LENGTH
GROUND PIPE CROWN COMPUTED OF SURCHARGE IEPTH IS OF

JUNCTION ELEVATION ELEVATION DEPTH  OCCURENCE AT HAX, RELOW GROUND SURCHARGE
NUMBER (FT) {FT) (FT)  HR. HIN, DEPTH ELEVATION (HIN)
1034 49,30 49.30 0.3% 1t 19 0,00 1,61 0.0
1029 50.00 30,00 0.86 1 19 0.00 1,14 0.0
1018 36,50 36,50 1.87 1 23 0.00 0,13 0.0
1020 40,00 40.00 0.00 0 0 0.00 1,00 0.0
1022 44,00 44,00 0.00 0 ¢ 0.00 1.00 0.0

189



FEDERAL HIGHWAY ADMINISTRATION ¥kkx URBAN HIGHWAY DRAINAGE FROGRAM XXXk WATER RESOURCES DIVISION
IEPARTHENT OF TRANSFORTATION 314 ¥y CAMP DRESSER & MCKEE INC,
WASHINGTON: D.C. xexx ANALYSIS MODULE 3841 ANNANDALEy VIRGINIA
ANALYSIS MODULE EXAMFLE FROBLEN
RELLVIEW REDMOND ROAD DRAINAGE SYSTEM

YR yx kN kxkkiky TIME HISTORY OF FLOW AND VELOCITY x¥¥¥¥xxxxxxtxxxx
Q(CFS)y VEL(FPS)

TINE  CONDUIT 29 coNmIT 31 CONDUIT 30 CONDUTT 1034 CONDUIT 1026 CONIUIT 1019
HR « MIN FLOW VGEL FLOW  VEL FLOW  VEL FLOW  VEL FLOW  VEL FLOW  VEL
0.20 0.14 0.6 1,36 1.5 1,33 4.0 0,00 0.0 0.00 0,0 0.00 0.0
21 015 0.6 1,54 1.4 L1 4.2 0.00 0.0 0,00 0,0 0.00 0.0
0.22 0.16 0.6 1.71 1.6 1,69 4.3 0.00 0.0 0.00 0.0 0.00 0.0
23 0.17 0.4 1.88 1.4 1,88 4.4 0,00 0,0 0.00 0.0 0,00 0.0
0.24 0.18 0.4 2,03 1.7 2,07 A5 0.00 0.0 0.00 0.0 0.00 0.0
0.25 0.20 0.4 223 1.7 225 46 0.00 0.0 0,00 0.0 0,00 0.0
0.26 0,21 0.6 2:43 1.8 2,45 4.7 0.00 0.0 0.00 0.0 0,00 0.0
0.27 0.23 0.6 2,64 1.8 2,67 4.8 0.00 0.0 0.00 0.0 0.00 0.0
+28 0.25 0.6 2,84 1.8 2.89 4.9 0.00 0.0 0,00 0,0 0.00 0.0
0.29 0.27 0.6 3.04 1.8 311 5.0 0,00 0.0 0.00 0.0 0,00 0.0
0.30 0.28 0.6 L% 1.9 3,33 541 0.00 0.0 0,00 0.0 0,00 0.0
0.31 0.30 0.6 3.46 1.9 3,53 5.2 0,00 0.0 0.00 0.0 0.00 0.0
0.32 0,32 0.6 369 1.9 3.78 3.2 0.00 0.0 0.00 0.0 0.00 0.0
0.33 0.33 0.6 3,93 1.9 4,03 5.3 0.00 0.0 0.00 0.0 0.00 0.0
0.34 0.35 0.6 4,17 2,0 4,28 5.4 0,00 0.0 0.00 0.0 0.00 0.0
0.33 0.37 0.6 4,40 2,0 4,53 5.5 0,00 0.0 0.00 0.0 0.00 0.0
0.36 0.38 0.6 464 2.0 4,78 5.3 0.00 0.0 0,00 0.0 0.00 0.0
0.37 0.41 0,6 4,89 2.0 5.04 5.6 0,00 0.0 0,00 0.0 0.00 0.0
0,38 0.45 0.7 316 2.0 3,32 5.7 0.00 0.0 0.00 0.0 0,00 0.0
0,39 0.48 0.7 3,43 2,0 3462 5.8 0,00 0.0 0.00 0.0 0,00 0.0
0.40 0.32 0.7 370 2.0 3,91 5.8 0.00 0.0 0,00 0.0 0.00 0.0
0.41 0,55 0.7 396 2.0 6,21 5.9 0,00 0.0 0,00 0.0 0,00 0.0
0.42 0.59 0.7 6,23 2,0 6,31 640 0.00 0.0 0.00 0.0 0,00 0.0
0,43 0.74 0.9 8,51 2.0 6,85 6.1 0.00 0.0 0.00 0.0 0,00 0.0
0,44 0.95 1.0 6,82 2.0 7.28 4.2 0.00 0.0 0,00 0.0 0.00 0,0
0.43 1.16 1.2 7,12 1.9 7.75 6.3 0.00 0.0 0.00 0.0 0.00 0.0
0.46 1,36 1.3 7.42 1.9 8.23 4.4 0.00 0.0 0,00 0,0 0.00 0.0
0.47 1.56 1,5 7,72 1.8 8.69 6.5 0.00 0.0 0.00 0.0 0.00 0.0
0.48 1.76 1.6 8,02 1.8 9.20 b4 0.00 0.0 0.00 0.0 0.00 0.0
0.49 1.94 1.7 8,34 1.7 7.74 4.9 0.00 0.0 0.00 0.0 0.00 0.0
0.50 2,11 1.8 8.68 1.8 10,25 7.1 0.00 0.0 0.00 0.0 0,00 0.0
0.51 229 1.9 9,01 1.8 10,73 7.2 0.00 0.0 0.00 0.0 0.00 0.0
0,52 2:46 2,0 9,35 1.8 11,24 7.4 0.00 0.0 0,00 0.0 0.00 0.0
0.53 2:63 24 9.68 1.8 11.70 7.4 0,00 0.0 0.00 0.0 0.00 0.0
0.54 2,81 2.2 10,02 1.8 12,09 7.8 0.00 0.0 0,00 0.0 0.00 0.0
0,53 2,98 2.2 10.39 1.8 12,52 7.9 0.00 0.0 0,00 0.0 0.00 0.0
0.56 3,15 2,3 10.81 1.7 13.21 8.2 0,00 0.0 0.00 0.0 0.00 0.0
0.57 333 2.3 11,22 1.7 14,06 8.7 0.00 0.0 0,00 0.0 0,00 0.0
0.58 3,50 2.4 11.64 1.7 14,71 9.1 0,00 0.0 0.00 0.0 0.00 0.0
0.59 3.67 2.5 12,06 1.8 15.32 9.4 0.00 0.0 0.00 0.0 0,00 0.0
1,0 .85 2.4 12,48 1.8 13.86 9.7 0.00 0.0 0.00 0.0 0.00 0.0
1.1 4,02 2.8 12,88 1.9 16,34 10.0 0.00 0.0 0.00 0.0 0,00 0.0
1. 2 4,19 29 13.25 1.9 16,88 10,3 0.00 0.0 0.00 0,0 0.00 0.0
1. 3 4,37 3.0 13.61 2.0 17.43 10.4 0,00 0.0 0.00 0.0 0.00 0.0
1. 4 4,54 341 13.98 2.0 17.91 10.8 0.09 0.4 0.00 0.0 0,00 0.0
1,5 471 3.2 14,33 2.1 18.24 11.0 0.40 0.8 0.00 0.0 0,00 0.0
1. 6 4,89 3.3 14,72 241 18.47 11.2 0.82 1.0 0.00 0.0 0,00 0.0
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FEDERAL HIGHWAY ADKINISTRATION kk%% URBAN HIGHWAY DRAINAGE PROGRAN ik WATER RESGURCES DIVISION
DEPARTHENT OF TRANSPORTATION 244 ] ¥Ex% CAMP DRESSER & MCKEE INC.
WASHINGTON» D.C. it ] ANALYSIS HODULE KR ANNANDALE, VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEN REDMOND ROAD DRAINAGE SYSTEM

FRE PR R RRKEENELYRE TIHE HISTORY OF FLOW AND VELDCITY 2542 X XXX RXKNKR
Q(CFS)s VEL(FFS)

TINE = CONDUIT 17 conpuIT 19 CONDUIT 14 CONDUIT 12 CONDUIT 11 CONDUIT 1014
HR o HIN FLOW VEL FLOW  VEL FLow VEL FLOW  VEL FLOW  VEL FLOW  VEL
0.20 1.13 2.8 0.00 0.0 1.19 241 1.1l 3.0 0.00 0.0 0.00 0.0
0.21 1,22 2.7 0.00 0.0 1.28 2.2 .21 3.0 0.00 0.0 0.00 0.0
0,22 1,30 2.7 0.00 0.0 1,37 2.2 1,30 3.1 0,00 0.0 0.0 0.0
0.23 1,39 2.4 0.00 0.0 1.46 2.2 1.39 3.2 0.00 0.0 0.00 0.0
0.24 1.47 2.6 0,00 0.0 136 2.2 1.49 3.3 0.00 0.0 0.00 0.0
0.25 1.55 2.5 0.00 0.0 1.44 2.3 1.57 3.4 0.00 0.0 0,00 0.0
0.26 1.4 2.4 0.00 0.0 1.73 2.3 1,67 3.4 0.00 0.0 0.00 0.0
0.27 172 2.4 0.00 0.0 1.82 2.3 176 3.4 0.00 0.0 0.00 0.0
0.28 1.81 2.3 0.00 0.0 1,93 2.4 1,87 3.7 0.00 0.0 0.00 0.0
0.29 1,89 2.2 0.00 0.0 2,04 246 1.98 3.8 0.00 0.0 0.00 0.0
0.30 1.97 2.2 0.00 0.0 215 2.7 2.09 3.9 0.00 0.0 0,00 0.0
0,31 2,06 2.2 0.060 0.0 225 2.8 2,19 4,0 0.00 0.0 0.00 0.0
6.32 2,14 2.1 0.00 0.0 2:36 3.0 2,30 4.1 0.00 0.0 0.00 4.0
0.33 2,23 2.1 0.00 0.0 2.46 3.1 2,40 4.2 0.00 0.0 0.00 0.0
0.34 23 24 0.00 0.0 2:36 3.2 230 4.3 0.00 0.0 0.00 0.0
0.35 2.39 2.1 0.00 0.0 2:66 3.4 2:60 4.4 0,00 0.0 0.00 0.0
0.36 2,48 2.1 0.00 0.0 2,75 3.5 2:70 4.5 0.00 0.0 6,00 0.0
0,37 2,41 2,0 0.00 0.0 2,79 3.4 2,78 4.5 0.06 0.0 0,00 0.0
0.38 2.48 1.9 0.00 0.0 2,87 3.7 2.84 4.6 0,00 0.0 0.00 0.0
0.39 2,56 1.9 0.00 0.0 2,96 3.8 2,91 4.7 ¢.00 0.0 3.00 0.0
0.40 2.64 1.8 0.00 0.0 3.04 3.9 2,98 4,7 0,00 9.0 0.00 0.0
0.41 2.69 1.8 0.00 0.0 3.09 3.9 3.01 4.7 0.00 0.0 0,00 0.0
0.42 277 17 0.00 0.0 317 4.0 3.10 4.9 0.00 0,0 0.00 0.0
0.43 2,78 1.7 0.00 0.0 3,37 4.2 3120 5.0 0.00 0.0 0,00 0.0
0.44 2,83 1.6 0.00 0.0 3.51 4.4 3.35 5.2 0,00 0.0 6.00 0.0
0.45 2,93 1.6 0.00 0.0 3.69 4.7 3,33 5.5 0.00 0.0 0.00 0.0
0.46 3.03 1.7 0.00 0.0 3.81 4.8 348 5.7 0.00 0.0 0.00 0.0
0.47 3.08 1.7 0.00 0.0 4,00 5.1 3.84 5.9 0.00 0.0 0.00 0,0
0.48 3,12 1.8 0.00 0.0 4,19 5.3 4,00 4.2 0.00 0.0 0.00 0.0
0.49 3.17 1.8 0.00 0.0 4,40 5.6 4,19 4.4 0.00 0.0 6.00 0.0
0.30 3.23 1.8 0.00 0.0 4,60 5.8 4,18 4.7 0.00 0.0 0,00 0.0
0,31 3.54 1.9 -0.08 -0,2 4.89 6.2 4,50 6.9 0.00 0.0 G.08 0.1
0052 3060 200 ‘0;02 ‘001 4081 601 4,59 7.0 0000 000 0@82 0.6 i
0.53 370 21 -0.02 -0.0 4.58 5.9 4,69 7.2 0.00 0.0 1,31 0.5
0054 3077 201 "0002 "0»1 4035 5.6 4078 7&3 0000 000 2000 004
0055 3084 202 "0.01 "000 4013 503 4686 704 '0005 “0' 2050 0,4
0056 3091 2.2 '0002 ’001 3091 500 4093 705 '0»14 '0v2 294 0.4
0.57 3.98 2.2 -0.01 -0.0 3.70 4.8 300 7.4 -0,33 0.3 .41 0.4
0058 4004 2.3 '0002 '001 3!49 4’5 5007 707 ‘0a68 ’005 3‘85 0;4
0.59 4,06 2.3 -0.00 -0.0 3.31 4.2 5412 7.8 =1.15 -0.7 4,27 0.4
10 0 4014 203 ’0002 -001 3016 401 5916 708 '1155 -069 4065 005
1.1 4,18 2.4 -0.00 0.0 3.04 3.9 5420 7.9 -1.93 -1.0 302 0.5
14 2 4022 204 '0002 “0;0 2094 3.8 5923 7.9 -2.29 ‘100 5;33 0.3
10 3 4025 204 '0000 "‘000 2087 307 5025 840 “2061 '101 50-5?\ 005
10 ‘ 4029 294 ‘0001 '0»0 2081 306 5027 8»0 '.'.189 '102 5488 006
lo 5 4032 204 -0.01 ‘000 2077 305 J029 800 “3015 ‘1~2 .12 0.6
10 6 4036 205 '0001 '000 2073 305; 5030 800 "3039 '103 6;36 0»6
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FENERAL HIGHWAY ADMINISTRATION KREX URBAN HIGHWAY DRAINAGE PROGRAM i¥x¥ WATER RESOURCES DIVISION
BEPARTHENT OF TRANSFORTATION ik bedt] CANP DRESSER & HCKEE INC.
WASHINGTON: D.C. pett ANALYSIS MODULE 3143 ANNANDALEs VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEY REDMOND ROAD DRAINAGE SYSTEM

FEXKKREXKKKRXRY TIHNE HISTORY OF FLOW AND VELOCITY XxXxXxxxxzekxsss
QUCFBYs VEL(FPS)

TIME  CONDUIT 9012 CONDUIT 9018 CONDUIT 9036 CONBUIT 9029 CONDUIT
0.20 0.00 0.0 0.00 0.0 0.00 0.0 0,00 0.0
0.21 0.00 0.0 0,00 0.0 0.00 0.0 0.00 0.0
0.22 0.00 0.0 0,00 0.0 0.00 0.0 0.00 0.0
0,23 0,00 0.0 0,00 0.0 0,00 0.0 0.00 0.0
0.24 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.9
0,25 0.00 0.0 0,00 0.0 0.00 0.0 0.00 0.0
0.26 0.00 0.0 0.00 0.0 0,00 0.0 0.00 0.0
0.27 0.00 0.0 0.00 0.0 0,00 0.0 .00 0.0
¢.28 0.00 0.0 0,00 0.0 0,00 0.0 0.00 0.0
0.29 0.00 040 0.00 0.0 0.00 0.0 0.00 0.0
0.30 0.00 0.0 0,00 0.0 0.00 0.0 0,00 0.0
0.3 0.00 0.0 0.00 0.0 0,00 0.0 0.00 0.0
0.32 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
0,33 0.00 0.0 0,00 0.0 0.00 0.0 0.00 0.0
0.34 0.00 0.0 0,00 0.0 0,00 0.0 0.00 0.0
0433 0,00 0.0 0,00 0.0 0.00 0.0 0,00 0.0
0.34 0,00 0.0 0,00 0.0 0.00 0.0 0,00 0.0
0.37 0.00 0.0 0,00 0.0 0.00 0.0 0,00 0.0
0,38 0.00 0.0 0,00 0.0 0,00 0.0 0,00 0.0
0.39 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
0.40 0:00 0.0 0,00 0.0 0.00 0.0 0,00 0.0
0.41 0,00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
0.42 0.00 0.0 0,00 0.0 0,00 0.0 0.00 0.0
0,43 0,00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
0.44 0.00 0.0 0,00 0.0 0.00 0.0 0.00 0.0
0,45 0.00 0.0 -0,22 0.0 0,00 0.0 0.00 0.0
0.46 0.00 0,0 ~0,28 0.1 0.00 0.0 0,00 0.0
0.47 0,00 0.0 -0.31 -0.1 G.00 0.0 0.00 0.0
0.48 0,00 0.0 =0,30 -0.1 0.00 0.0 0.00 0.0
0.49 " 0,00 0.0 -0,25 -0.1 6,00 0.0 0.00 0.0
0.50 6.00 0.0 -0.24 -0.1 0.00 0.0 0.00 0.0
0,51 -0.32 -0.1 "0074 '0'2 0000 000 0000 000
0052 '0009 ‘001 '1020 '003 0000 000 0000 000
0,53 0,24 0.1 -1.74 -0.3 0.00 0.0 0,00 0.0
0»54 0054 0.2 "2022 '007 0000 000 0000 000
0,35 0.84 0.3 ~2.71 -0.9 0.00 0.0 0.00 0.0
0.56 1,12 0.4 -3.14 -1 0.00 0.0 0.00 0,0
0.57 1,41 0.5 -3:61 ~1.2 0,00 0.0 0.00 0.0
0058 1067 006 '4004 '103 0000 000 0000 000
0059 1~BB 007 '4042 ‘104 0000 000 0000 000
1, o 2006 008 '4080 "105 0000 000 '0025 '001
1. 1 2020 O.B '5015 ’1»6 0000 000 '0018 ‘001
1, 2 2,13 0.8 -5.43 -1.7 0,00 0.0 ~0:15 0.1
1+ 3 2042 009 '5072 '108 0000 000 ‘0016 ‘001
1e 4 2049 0§9 '5097 '109 0000 002 "'0031 '001
10 5 2054 009 ‘6021 -L.O 0&29 200 "'0463 '002
1, & 2:59 009 “6044 -2.1 072 244 '1000 =04
1.7 2,95 0.9 =703 '202 1,10 247 ~1,22 0.5
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FEDERAL HIGHWAY ADMINISTRATION Hkkk UREBAN HIGHWAY DRAINAGE FROGRAM dokkk WATER RESOURCES DIVIGION
DEPARTMENT OF TRANSFORTATION Kekk bei s CAMF DRESSER & MCKEE INC,
WASHINGTON: B.LC. Rk ANALYSIS MODULE E3e 4] ANNANDALE, VIRGINIA
ANALYSIS MODULE EXAMPLE FROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

IIIIIII!IIIIIIII/SUMMQRYSTATISTICSFDRCONDUITSIIIIII!I.':'I.'I/II!

CONDUTT MAXTHMUHM TIME HAXTHUM TIME RATIO OF MAXIMUN DEFTH ABOVE

DESIGN DESIGN VERTICAL  COMPUTED oF CORFUTED OF MAX, TO  INVERT AT CONDUIT ENIS

CONBUIT FLOW VELOCITY DEFTH FLOW  OCCURENCE  VELOCITY OCCURENCE DESIGN UPSTREAM  DIOUNGTREAM

NUMBER (CFS) {FFS) () (CFS)  HR. HIN. (FFS)  HR, HIN, FLOW (FT) (FT)
1 9794 27 120.0 349.5 290 3.4 2 0 0.4 27 4,10
2 9796 27 120.0 348.7 2 0 3.6 290 0.4 4,10 3.88
3 979,46 27 120.0 286.4 2 0 3.2 2 0 0.3 3.88 3.7
4 §79.6 27 120.0 285.7 2 0 344 20 0.3 3.7 3.50
5 9796 27 120.0 2851 20 3.8 20 0.2 3,30 3419
& 9796 247 120.0 2843 2 0 5.2 2 0 0.3 .19 1.94
7 63.3 4,2 36.0 4.3 1 10 0.6 ¢ 1 0.1 3.00 3.88
8 632.8 42.2 38.0 6.0 1 4 0.7 1 M4 0.0 6,24 300
9 228.3 14,3 24.0 Seb 1 5.1 1 24 0.0 0.75 0.24
10 1744 10.% 24,9 b 124 3.3 I 0.0 N 0,75
1 93,2 3.8 24,0 0.0 0 0 0.0 6 0 9.0 0,53 1.27
35 44.8 7.8 19.2 24.3 12 5.4 2 0.4 1.00 1.15
34 30,2 743 12.0 Ged 1 23 2.5 0 9 0.2 0.41 1,00
13 32,9 8.2 12,0 G4 123 4.8 1 22 0.2 0.39 0.41
12 1.8 2.3 12,0 94 1 3 8.2 1 22 3.0 4,54 4,39
14 2.7 344 2.0 4.9 0 3 2 0 &2 1.8 4,33 4,34
17 1t.8 6.7 18.0 A 1 18 2.9 6 1 0.4 3.70 4,53
16 15.8 8.9 18.0 448 1 16 743 ¢ 1 0.3 .89 70
13 18,2 16.3 18.0 4,6 1 13 21.8 0 90 0.3 0.51 0.89
19 2.4 8.2 8.4 1.8 1 2 4,7 1 2 0.8 2,82 4,55
21 21 G4 8.4 1.8 1 21 4,7 1 2 0.9 2.10 2,82
24 247 69 8.4 1.8 I 8.8 7 0.7 .42 2.10
26 1.7 4.4 8.4 1.8 1A 21,3 1 4 1.1 1:190 0.42
18 54,8 7.8 19.2 18.% 120 G 2 0.3 0.8% 1,00
20 8.0 7.0 19.2 18.9 1 20 542 t 20 0.3 0.99 0.89
2 41.0 4.9 19.2 18,9 120 4.1 20 0.5 1.2 0.99
23 82.0 9.9 19.2 8.9 12 4.7 119 0.2 0,79 1.2

25 29.0 3.3 19.2 18.9 119 343 1 0.7 159 0,79
27 43,8 3.5 19.2 18.% 1 19 3.0 119 0.4 1403 1,59
30 1.8 8.7 18,0 18.% t 19 11.4 19 16 3.90 1,05
29 18.2 10,2 18.0 4,9 7 2.3 1 7 0.3 0,33 3.90
28 12,9 7.3 18.0 4.9 1 7 6.2 14 0.4 0.84 0.33
k)| 71,0 8:5 19.2 15.9 1 19 2.3 1 19 0.2 0.78 3,90
2 38.0 7.0 19.2 15.9 1 18 4.9 119 0.3 0,95 0,78
33 44,8 7.8 19.2 13.9 1 18 12,9 6 0 0.2 0.81 0,93
1014 29,1 2.3 &0 8.3 1 22 0.8 1 22 0.3 0,37 W27
1019 19.1 246 6.0 0.0 ¢ 0 0.0 0 ¢ 0.0 0.00 0.37
1021 73,5 4.7 12,0 0.0 0 90 0.0 ¢ 0 0.0 0:00 0.00
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FEDERAL HIGHWAY ADMINISTRATION *xxt URBAN HIGHWAY DRAINAGE PROGRAM %kXX WATER RESOURCES DIVISION
DEPARTHENT OF TRANSPORTATION Xxkx RRex CAMP DRESSER & MCKEE INC.
HASHINGTON, D.C. At ANALYSIS MODULE 1] ANNANDALE s VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAL DRAINAGE SYSTEM

EANr A A A A A A R SUHMARYSTATISTICSFURCONDUITS [ A A A A A R B A A |

CONDUIT MAXTHUM TIME HAXIHUHK TIME RATIO OF HAXTHUK DEPTH ABOVE

DESIGN BESTBN VERTICAL  COMPUTEL OF COMPUTED 0F ¥AX. TO  INVERT AT CONBUIT ENDS

CoNpUIT FLOW VELOCITY BEPTH FLOW  OCCURENCE  VELOCITY QCCURENCE DESIGN UPSTREAM  DOWNSTREAM
NUMBER (CFS) (FFG) (IN) (CFS}  HR. MIN, (FFS)  HR. NMIN, FLOW {(FT} {FT}
1024 35.2 3.1 8.0 0.0 0 ¢ 0.0 0 0 0.0 0,00 0,00
14624 254 1.3 2.0 0.0 0 0 0.0 0 0 0.0 =0.11 0.00
1034 122.3 3.8 18.0 1.9 1 19 1.9 1 4 0.0 0.36 ~0.11
9012 2647 8:5 24,0 3.0 1 13 1.1 1 33 0.1 1.27 4,54
9018 3.0 7.9 24.0 0.0 ¢ 0 0.0 0 0 0.0 1.87 4,55
2029 25.5 8.1 24,0 0.3 1 33 0.1 1 34 0.0 0.86 3,90
9034 22,3 741 24,0 1.9 1 19 3.2 i 6 0.1 0,39 1,10
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FEDERAL HIGHWAY ADNINISTRATION XK1k URBAN HIGHWAY DRAINAGE PROGRAM XXkk WATER RESOURCES DIVISION
DEPARTMENT OF TRANSPORTATION ik X CAMP DRESSER § MCKEE INC.
WASHINGTON» D.C. KEx ANALYSIS MODULE 314 ANNANDALEs VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEN
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

38,000 I INVERT ELEV-  31.70 FEET
I CROWN ELEV- 33,70 FEET
I GROUND ELEV- 47,00 FEET

hedtatiabietistitiiiit]
bEets LS D $2482tsdtidtett]
xx XKL
b 4§

36,000

34,000

JUNCTION

XX
X
xx
piad]
XExx
nx
b3 ¢
b3ttt

WATR SUR

ELEV(FT)

1 bt bt bt et g et g Rl | b bt et g e i bt g b ] b bt b b et et b
E

32,000

bt bd b bt g bt i e et

30,000 I I I I I I 1 I I I I
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

CLOCK TIME (HOURS)
JUNCTION NUMBER 12
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FEDERAL HIGHWAY ADMINISTRATION Kxx URRAN HIGHWAY DRAINAGE PROGRAK k¥xx WATER RESOURCES DIVISION
DEFARTHENT OF TRANSPORTATION R34 o CANF DRESSER & MCKEE INC.
WASHINGTON, .. ptis! ANALYSIS MODULE kXix ANNANDALEy VIRGINIA
ANALYSIS MODULE EXAMPLE FROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

40,000 T INVERT ELEV- 32,00 FEET
1 CROWN ELEV- 24,00 FEET

I GROUND ELEV- 37,00 FEET
I
I
I
I
1
I
I
38,000 -
I
I
I
I
I
I
1 piestettatitt]
1 pishbesitsdi pias e KRRERRRERRRRY
I pieats] kg 341
36,000 ~ X
I ¥
I ¥
JUNCTION I X
I b4
WATR SUR I L ¢
I %
ELEV(FT} I X
I ¥
I kK
34,000 - XX
I b3 g
I X%
I XXX
I Xxx
1 x
I 1xx
I R0k
1 paetss]
I3 XXk
32,000 Tk--¥pr—--1 I I I I I I I I I
0.0 0.2 0.4 0.4 0.8 1.0 1.2 164 1.6 1.8 20

CLOCK TIME (HOURS)
JUNCTION NUMBER 18
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FEDERAL HIGHWAY ADMINISTRATION ¥xkk URBAN HIGHWAY DRAINAGE PROGRAM ik WATER RESOURCES DIVISION
BEPARTMENT OF TRANSPORTATION X ok CAMP DRESSER & MCKEE INC.
WASHINGTONs DLC. X ANALYSIS MODULE xkx ANNANDALEs VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

39.200 1 INVERT ELEV-  36.00 FEET
1  CROWN ELEV- 34,70 FEET
I GROUND ELEV- 39,00 FEET

X
L 3 4

38,400

P P D M 6

37.600

JUNCTION

WATR SUR

PE B e M
L2

ELEVIFT)

36,800

B g B i P 2 B
L

3 4 X
KX LR s heitttiittiiitst]
Tkxx 3443 |
n
X
36,000 TRRROODRRLEREROORODRROERRKR OO RO I 1 I I 1 1
0.0 0.2 0.4 0.4 0.8 1.0 1.2 1.4 1.6 1.8 2.0

[ R T I T o e I T I o e B I e e e e B S B e B I e e A T S T S B A S B I e B I e I e I ]
.3

CLOCK TIME (HOURS)
JUNCTION NUMBER 20
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FEDERAL HIGHWAY ADMINISTRATION 1xxx URBAN HIGHWAY DRAINAGE FROGRAN tiix WATER RESOURCES DIVISION
DEFARTMENT OF TRANSPORTATION XXXy XKk CAMF DRESSER & MCKEE INC,
WASHINGTONs DIC. xXex ANALYSIS MODULE 324 ANNANDALE, VIRGINIA
" ANALYSIS MODULE EXAMPLE FROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

49.000 T INVERT ELEV- 45,00 FEET
T CROWN ELEV- 47,00 FEET T KRRy
I GROUND ELEV-  60.00 FEET XoLrx 2441

48,000

L
b D D S
ol
g
e
e
-t

47,000

JUNCTION
WATR SUR

ELEV(FT)

46,000 n
pii
44
Xix
X
R8¢
84
X
b+
I 2exeex
45,000 Ix% I I I I I I I I I I
0.0 0.2 0.4 0.6 0.8 1,0 1.2 1.4 1.4 1.8 2.0

P b e $f pmd P pod P | bl g b pg Bl et el g P § St i bl bed Bt g Pd fumd Bl | b g b g bt g bt
L

CLOCK TIME (HOURS)
JUNCTION NUMBER »
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FEDERAL HIGHWAY ADMINISTRATION Xxxt URBAN HIGHWAY DRAINAGE PROGRAM kkxx WATER RESOURCES DIVISION
DEPARTHENT OF TRANSPORTATION $24] Xkky CANF DRESSER & MCKEE INC.
WASHINGTONy D.C. X ANALYSIS MODULE 84 ANNANDALE, VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEN
BELLVIEW REDIMOND ROAD DRAINAGE SYSTEN

20,000

piteitt]
pticites] paitittd
XX XX
¥ b4
¥ X
¥ 1 X
X X j2abee]
LI ¢ LiiEed
¥ L | Xy
L Xy
X b ¢ ¥

15.000

10.000

CONDUIT

FLOW

n
%

IN CFS

5,000
¢

XX
u
b 4§
x
iy
KX
I piet]
0,000 IXKREXKERX] 1 I I I I I I I 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.4 1.8 2.0

bod Pod el Beed et b bl B ] el et bl fef boed e Bt bed bt | bk fomd bf peed bod bl ] el fed | b bl bd B ff el bl Bl $eed et
L.

CLOCK TIKE (HOURS)
CONDUIT NUMBER 30
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FEDERAL HIGHWAY ADMINISTRATION KXkk URBAN HIGHWAY DRAINAGE PROGRAM ¥kxy WATER RESOURCES DIVISION
DEFARTMENT OF TRANSFORTATION hetss Trxx CAMF DRESSER & MCKEE INC.
WASHINGTONs D.C. 3341 ANALYSIS HODULE b114] ANNANDALEs VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

2,000 1
I
I X
I L3
I L O ¢
I I ¢
I B §
I X ¥
I X %
I ¢ ¢
1,500 - X X
I ¢ ¢
I X X
I X ¢
I X ¥
I X ¥
I X X
I X ¢
1 X X
1 b ¢ X
1,000 - X ¥
I X ¢
I ¥ X
CONDUIT 1 % t
I ] X
FLOW I ¥ ¢
I X X
IN CFS I ¢ X
I X ]
1 X X
0,500 - ¥ X
I X L3
I X ¢
I X 4
I X ¥
I X ¢
I X ¢
I X %
I X X
I ¥ ¢
[NVttt eebitedotutriiteacitioieseitotttietostisrtioss I I ARRRRRXEARRRRREXARERN
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.4 1.8 2.0

CLOCK TIME (HOURS)
CONDUIT NUMBER 1036
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FEDERAL HIGHWAY ADMINISTRATION Xxxk URBAN HIGHWAY DRAINAGE PROGRAM Xkki WATER RESOURCES DIVISION
DEPARTHENT OF TRANSPORTATION nn bttt CAMP DRESSER 8 MCKEE INC,
WASHINGTONy D.C. ux ANALYSIS MODULE Kok ANNANDALEs VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

2,400 1

bRa444
X X
b | ¥
X X
34 X
¥ t
X
%
%
X
X
%

X
¥

1.600

L
E.d

e S W e

0.800

CONDUIT

FLOW

IN CFS

P Pt g Peed peg bl G Bd g ] bl Dok b Pk ] B Borg bk et § e e et bl feed b B e b
P s W e M G4 M e
£ 3

L3
>
L

0,000 ~RXKRKEXREXKRRRERRR KR KKK SRR ARRRK K KRK KR KR KKK KR AR phaeisitvessstibteets

I I I I I I I I I I
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.4 1.8 2.0

CLOCK TIME (HOURS)
CONDUIT NUMBER 19

RANGE AND SCALE ARE ZERO ON FLOT ATTEMPT
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FEDERAL HIGHWAY ADMINISTRATION Xkgx URBAN HIGHWAY DRAINAGE PROGRAM Xxg¥ WATER RESOURCES DIVISION
DEPARTHENT OF TRANSPORTATION s e H] CAMP DRESSER § MCKEE INC,
WASHINGTONs InC. s ANALYSIS MODULE 4] ANNANDALEy VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROADIn DRAINAGE SYSTEM

2,400

1.600

0.800

CONDUTT
FLOW

IN CFS

Pt bt e et pd Bt g Bnm g | Bmef bt Do Bl Bl Beef Bt Bk et § bl el bl bed bed B b b

WIS t34he0stederitetiestiottitototiototttstesteosisiistoeetosestbtosibtoststbotosisbstassiscoeynttsl

1 I 1 I I I I 1 =1 I
0.0 0.2 0.4 0.8 0.8 1.0 1.2 1.4 1.4 1.8 2.0

CLOCK TINE (HOURS)
CONDUIT NUMBER 1019
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FEDERAL HIGHWAY ADMINISTRATION

Kkxk URBAN HIGHWAY DRAINAGE PROGRAM XXXk

WATER RESOURCES DIVISION

BEFARTHENT OF TRANSFORTATION 184 Kxxx CAMP DRESSER & MCKEE INC.
WASHINGTON» D.C. 344 ANALYSIS MODULE T ANNANDALEs VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM
2,000 1
1
I
I
1
1
I
1
1
1
(LR $astittiatiodtisiitttiitinctotitiotesittisssd
“1 - X
I X
1 X
I 1
1 X X
I 1 rx
I X L O |
1 X LIS |
I X X X X
-2,000 - X X X X
I 4 X X X
I X X LI QR 444
CONRUTT I X ¢ i
1 1 1
FLOW -1 ¥- X
1 1 X
IN CFS I 1 1
I X X
1 X 1
-4,000 - X X
1 1 X
1 X ¥
I ¥ 4
1 1 X
I ¢ "
I n 1
1 pitt] 1
I piibild
I
-6.000 1 I 1 1 1 1 1 1 I 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.6 1.8 2:0

CLOCK TIME (HOURS)

"206‘:

CONDUIT NUMBER 11



FEDERAL HIGHWAY ADNINISTRATION KEXx URBAN HIGHWAY DRAINAGE PROGRAM XX¥x WATER RESOURCES DIVISION
DEPARTMENT OF TRANSPORTATION xkx Xkx CAMP DRESSER & MCKEE INC.
WASHINGTONs D.C, i ANALYSIS MODULE o ANNANDALE, VIRGINIA
‘ ANALYSIS MODULE EXAMPLE PROBLEM

BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

8.000 I
I
I
I
I
I
I
I
I
I
64000 -
I
I
I pheatitettttesstiesniat e
I et Etitithestotttieoetsts]
I X
I nx
I b1
I X
I ¥
4,000 - |
I X
I L 4
CONDUIT I X
1 n
FLOW I "
I £x
IN CF§ I x
I 1
I 343
20000 = |
I 3
I ¢
I xu
I ¢
1 344
I b4 4
I ¢
I u
I "
0,000 Ixxexxssr-1 I -1 I I 1 I I I 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2,0

CLOCK TIME (HOURS)
CONDUIT NUMBER 12
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Discussion of Results - Case 1

The model was run for two hours using ten second time steps. This
time step did not quite meet the stability requirement, as shown by the
printed warnings, but analysis of the results shows that stability is not a
problem. At the end of the two hour run there is a continuity error of
only 0.25 percent. The listed outflows do show that flooding occurs at
Junction 8, however, This indicates that Conduit 7 as specified fs not
Targe enough to handle the flow coming from Junction 8. The user should
either redefine Conduit 7 to handle the flow or devise some other way to
account for the flooding which takes place.

Further study of the results shows that Junctions 12, 18, 17, 20,
22, and 29 on or near Line G are surcharged during this storm. The sur-
charge quantity is great enough to cause flow up out of Manholes 9018 and
9029, but not enough to cause flow in the above ground section of Line G
between Junctions 1018 and 1036. An interesting phenomenon exists in the
flow pattern at the junction of Lines A, F, and G. Here water is forced
up Manhole 9018, flows back down 9012, then joins the flow from Pipe 14 and
exits to the outfall through Pipe 12. The printed results shown in Exhibit
4-2 very closely matched those obtained with an earlier version of the
program,

Discussion of Results - Case 2

Case 2 of the Bellview-Redmond Road example differs from Case 1 in
the following two ways. First, Pipe 30, which passes under the highway, was
decreased in diameter from 1.5 to 1.0 feet. Thus both the width and depth
of this conduit is changed in the input data set shown in Exhibit 4-1.

Second, a broad crested weir was placed at Junction 1018 to simulate flow
over the highway from the flooding of this junction. The weir characteristics
used in this simulation are:

208



Type of weir - transverse (KWEIR = 1);

Height of weir crest above invert (YCREST) - 1.8 ft.;
Height to top of weir above invert (YTOP) - 2.1 ft.;
Weir length (WLEN) - 80 ft.; and

Coefficient of discharge for weir (COEF) - 2.7.

These changes were made in Card Group 11. Except for these two revisions,
the input data set remained the same for Case 1.

The sections of the output which appreciably differ from Case 1
are shown in Exhibit 4-3. This again shows good results, both internally,
demonstrated by a continuity error of only .22 percent, and in comparison
with the previous run made with the Analysis Module's predecessor. The
major difference between Cases 1 and 2 is the changes in flow pattern
caused by constraining the size of Pipe 30. This causes more water to be
diverted to Line G, leading to greater surcharges below ground and signifi-
cant flow in the ditch above ground. A small amount of flooding occurs at
Junction 20 and over the weir at Junction 1018. It is apparent, however,
that severe flooding still occurs at Junction 8.

The preceding example shows how the Analysis Module serves as a
useful tool in diagnosing problems in complex areas of the highway drain-
age system. With this model, the engineer can easily simulate several
possible remedies to problems in a proposed or existing system in order to
effectively choose the best available alternative.
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EXHIBIT 4-3

Beliview-Redmond Road
Example Problem:
Case 2 Results

FEDERAL HIGHWAY ADMINISTRATION ¥¥KX URBAN HIGHWAY DIRAINAGE PROGRAM k¥ WATER RESOURCES DIVISION
DEPARTMENT OF TRANSPORTATION 3444 e et CAMF DIRESSER & MCKEE IMC.
WASHINGTON: D.C. b3 444 ANALYSIS HODULE xRy ANNANDALE, VIRGINIA

ANALYSIS MODULE EXAMFLE PROBLEH
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

INTEGRATION CYCLES 720

LENGTH OF INTEGRATION STEF IS  10. SECONDS

PRINTING STARTS IN CYCLE 121 AND PRINTS AT INTERVALS OF 4 CYCLES
INITIAL TIME 0.00 HOURS

PRINTED OUTPUT AT THE FOLLOWING 18 JUNCTIONS

3 28 30 29 1029 1036 36 22 1025
1022 1020 1018 17 18 1018 1012 12 1
AND FOR THE FOLLOWING 16 CONDUITS
29 3 30 1034 1026 1019 17 19 14
12 1 1014 9012 9018 9034 9029

WATER SURFACE ELEVATIONS WILL BE PLOTTED FOR THE FOLLOWING 4 JUNCTIONS
12 18 20 29
FLOW RATE WILL BE FLOTTED FOR THE FOLLOWING & CONDUITS

30 1036 19 1019 i1 12
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FEDERAL HIGHWAY ADMINISTRATION ¥rkx URBAN HIGHWAY DRAINAGE PROGRAM XXtk WATER RESOURCES DIVISION
DEFARTHMENT OF TRANSFORTATION ok kxx CAMF DRESSER § MCKEE INC,
WASHINGTONs B.C, Xxy ANALYSIS MODULE xkkx ANNANDALE» VIRGINIA
ANALYSIS WODULE EXAMPLE FROBLEM
RELLVIEW RELNOND RDAD DRAINAGE SYSTEM

CONDUIT ~ LENGTH  CLASS AREA  MANNING HAX WIDTH DEFTH  JUNCTIDNS INVERT HEIGHT TRAFEZ0IR
NUMBER {FT) (S0 FT)  COEF, (FT) (FT) AT ENDS ABOVE JUNCTIONS SIDE SLOFE
1 1 100, & 360.00 0,040 16,00 10.00 1 2 2,00 2,00
2 2 100, é 360,00 0.040 16,00 10,00 2 3 2.00 2,00
3 3 100, & 360,00 0.040 16,00 10.00 3 4 2,00 2,00
4 4 100, & 360,00 0,040 16,00 10.00 4 3 2.00 2.00
3 5 100, 6 360,00 0,040 16,00 10,00 3 & 2,00 2,00
b & 100, b 360,00 0,040 16,00 10,00 & 7 2,00 2,00
7 7 1060, b 15.00  0.030 2,00 3,00 8 3 1,00 1.00
8 8 30, é 15.00 0,030 2,00 3.00 ? 8 1.00 1,00
? 9 100. b 16,00 0,025 0.01 2,00 10 ¢ 4,00 4.00
10 10 100, & 16,00 0,025 0.01 2.00 1110 4,00 4,00
1 1 20+ b 16,00 0,025 0,01 2,00 1012 i 4,00 4,00
12 g 100, & 832 0,040 2,00 1,60 14 15 2400 2,00
13 34 100, & 4,00 0.030 200 1.00 13 14 2,00 2,00
14 13 40, & 4,00 0.030 2,00 1.00 33 13 2,00 2,00
15 12 &0, 1 0.79 0,015 1.00 1.00 12 34
16 14 40, 1 0.7 0,015 1.00 1.00 18 12
17 17 604 1 1,77 0.015 1,30 1,50 17 18
18 16 100, 1 1,77 0,015 1,50 1.50 16 17
1% 13 100, 1 177 0,015 1.30 1.50 15 16
20 19 100, 1 0,38 0.015 70 0.70 20 18
21 2 100. 1 0.38 0,015 0.70 0,70 2
2z 24 100. 1 0,38  0.015 0,70 0.70 2 22
22 26 a0, 1 3B 04013 0.70 0.70 36 23
24 18 80 b 8,32 0.040 2,00 1,40 19 14 2,00 2,00
25 2 100, 5 B.32  0.040 2,00 1460 119 2,00 2,00
26 2 100, 4 8.32  0.040 2,00 1:40 2 21 2,00 2,00
27 23 100. é 8.32  0.040 2,00 1.40 24 X 2,00 2,00
28 25 100, & 8,32 0,040 2,00 1.40 26 24 2,00 2.00
29 27 40, 6 8.32 0,040 2,00 1:60 30 2 2400 2,00
30 30 &0, 1 0,79 0,015 100 1.00 2% 3
kS| 29 100, 1 1,77 0,015 1,50 1.30 8 02
2 28 100, 1 .77 0,015 1,50 1,50 78
3 31 1004 b 8,32 0.040 2.00 160 3Nw 2,00 2,00
34 2 100. 8 8,32 0,040 2.00 140 non 2.00 2,00
35 33 1004 & B.32 0,040 2:00 160 LR Vs 2.00 2,00
36 1014 40, 6 12,50 0,040 0:01 0,56 1018 1012 1,30 0.00 40.0040.00
37 1019 100, 8 7050 0,040 0.01 §:50 1020 1018 0.00 1,50 36,0030.00
38 1021 100, 6 20.00 0,040 0,01 1.0 1022 1020 30.0010.00
39 1024 100, 6 11,25 04040 0.01 0.30 1025 1022 £0,0030,00
40 1024 100. & 20,00 0,040 0.01 1,00 1036 1025 0,50 0.00 30.0010.00
) 1036 304 & 3375 0,040 0.01 1,50 1029 1034 0.30  0.30 20.6010.00
42 7012 100, 1 314 0,020 2,00 2,00 1012 12
43 2018 100, 1 3.4 0,015 2,00 2,00 1018 1B
44 2029 100, 1 314 0,020 2,00 2,00 1029 29
45 2036 100, i 314 0,020 2.00 2,00 1036 36
KXkt WARNING ¥kk¥ (CRDELT/LEN) IN CONDUIT 118 1,8 AT FULL DEFTH.
FRKE WARNING ¥tk (CADELT/LEN) IN CONDUIT 215 1.8 AT FULL DEPTH,
Hikd UARNING ®xkk (CXDELT/LEN) IN CONDUIY 3 15 1.8 AT FULL LEFTH.
KExk WARNING ®xkk (CHDELT/LEN) IN CONDUIT 4 1S 1.8 AT FULL DEPTH.
FEdk WARNING %xkk (CRDELT/LEN) IN CONDUIY 3 IS 1.8 AT FULL DEPTH.
KX WARNING %xxx (CRIELT/LEN) IN CONDUIT 6 IS 1.8 AT FULL DEFTH,
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4% WARNING %okkx (CRDELT/LEN) IN CONDUIT
FEkk UARNING k¥ (CYDELT/LEN) IN CONDUIT
KEXX WARNING ¥ixt (CXDELT/LEN) IN CONDUIT
kK WARNING kbkk (CADELT/LEN) IN CONIUIT
XEEE WARNING xakx (CXDELT/LEN) IN CONDUIT
K00k WARNING kkkk (CXRDELT/LEN) IN CONDUIT
ik WARNING dxkx (CHDELT/LEN) IN CONDUIT
FHEX WARNING ¥kkk (CEDELT/LEN) IN CONDUIT
¥RXX WARNING ¥XXX¥ (CKDELT/LEN) IN CONDUIY

8IS
1118
1318
14 15
17 18
18 1§
2715
1014 18
1036 1S

212

3.3 AT FULL DEPTH.
1,6 AT FULL DEFTH.
144 AT FULL DEPTH,
1.4 AT FULL DEFTH.

1
1
1
1
1

+
+
+
+

+

2
2
8
0
4

f

> > >

T FULL DEFTH,
T FULL DEFTH.
T FULL BEPTH,
T FULL DEFTH,
T FULL DEPTH.



FEDERAL HIGHWAY ADMINISTRATION ¥xkx URBAN HIGHWAY DRAINAGE PROGRAM kix WATER RESOURCES DIVISION
UEFARTHENT OF TRANSFORTATION htad bk CAMP DRESSER & MCKEE INC.
WASHINGTONs I.C. i 4] ANALYSIS HODULE *asy ANNANDALE» VIRGINIA
ANALYSIS MODULE EXAMPLE FROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEH

JUNCTION GROUKD CROWN TMUVERT QINST CONNECTING CONDUITS
NUMBER ELEY, ELEV, ELEV, (CFS)
1 1 22,15 22,15 12,15 0.00 1
2 2 22.10 22,10 2,10 0.00 1 2
3 3 22,05 22,05 12,05 0,00 2 3 7
4 4 22,00 22:00 2:00 0.00 3 4
3 i 21,95 21,95 11,93 0.00 4 3
6 6 21.%0 21.90 11,90 0,00 3 6
7 7 21,83 21.85 11.85 0.00 é
8 8 13,30 15.50 1230 0,00 7 8
? 9 29.00 29.00 26,00 0.00 8 9
10 10 34,00 34.00 2,00 0.00 9 10
11 11 37,50 7430 35,50 0,00 10 1
12 1012 37.00 37,90 35.00 0,00 11 1014 9012
13 33 21,61 21,60 20,00 0,00 35
14 14 26,61 26,60 25,00 0.00 35 34 18
15 11 30,40 10,40 29.40 0.00 34 13
16 34 3250 32,50 31,30 0.00 13 12
17 12 47.00 35,70 31.70 .00 12 14 9012
18 18 37.00 34,00 32,00 0.00 14 17 19 9018
19 17 38,00 34,50 33,00 0.00 17 16
20 15 41.00 37.30 36,00 0.00 16 13
21 15 44,00 41,50 40,00 0.00 15
22 20 39.00 36,70 36,00 0,00 19 2
21 n 43,00 39.70 39,00 0400 21 24
24 23 37,50 44.70 44,00 0,00 24 26
2 36 38.80 47,00 45,00 0.00 26 9036
26 19 29,40 29,40 28,00 0.00 18 20
y A 33,60 33,60 32,00 0.00 20 22
28 23 35.60 33:40 34,00 0.00 22 23
29 24 43,60 43.60 42,00 0.00 23 25
30 26 44,60 44,60 43,00 0.00 2 27
k)| 30 30.00 45,60 44,00 0:00 27 30
2 2% 40,00 47.00 45,00 0.00 30 29 31 9029
13 28 52,50 50,50 49,00 0.00 29 28
34 kY 35.90 52.50 51.00 0.00 2
35 3 52:60 5260 51,00 0.00 E))| 32
38 2 36,60 36,60 55,00 0.00 32 3
37 33 61,60 61,60 60,00 0.00 33
38 1025 48,350 48,50 47,50 0.00 1024 1026
39 1036 49.30 49,30 47,30 0.00 1026 1034 9036
40 1029 30.00 30,00 48,00 0.00 1036 9029
41 1018 36,50 36,50 34.50 0.00 1014 1019 9018
42 1020 40,00 40,00 39.00 0.00 1019 1021
43 1622 44,00 44,00 43.00 0.00 1021 1024
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FEDERAL HIGHWAY ADMINISTRATION $x1x URBAN HIGHWAY DRAINAGE PROGRAM kkiX WATER RESOURCES DIVISION
DEPARTHENT OF TRANSPORTATION K KKk CAMP DRESSER & HCKEE INC.
WASHINGTON, D.C. s ANALYSIS HODULE L4 ANNANDALEs VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM :
FELLVIEW REDMOND ROAD DRAINAGE SYSTEM

----------------------------- VEIRDATA - = - - - - == - = - - e - mmmm e m
- JUNCTION LINK TYPE CREST WEIR VEIR DISCHARGE
© FROH 10 NUMBER HEIGHT(FT) TOP(FT) LENGTH(FT) COEFF
1018 0 90046 1 1,80 2,10 80.00 2,70

FREE CUTFLOM AT JUNCTIONS 7 35

CONDUIT JUNCTION JUNCTION

90046 1018 0
90047 7 0
90048 33 0

INITIAL HEADSs FLOWS AND VELOCITIES ARE ZERD
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FEDERAL HIGHWAY ADMINISTRATION

e

2]

Thxx

33/

33/

WATER RESOURCES DIVISION
CAMP DRESSER & KCKEE INC.

ANNANDALEy VIRGINIA

0.10

0.56

REkK URBAN HIGHWAY DRAINAGE PROGRAHM
DEPARTHENT OF TRANSPORTATION pRid]
WASHINGTONs D.C. xx ANALYSIS MODULE
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM
ERLgrk SYSTEM INFLOWS: (CARDS) AT 0,10 HOURS FOR 4 JUNCTIONS
17 0.00 9/ 0.01 13/ 0.10 18/ 0,02 217 0,02
Kh3gxx SYSTEM INFLOWS (CARDS) AT 0,20 HOURS  ( JUNCTION / INFLOWSCFS )
1/ 500 9/ 0,04 153/ 0.50 18/ 0.07 277 0.06
CYCLE & TINE 0 HRS - 1.00 KIN
JUNCTIONS / DEPTHS
17 0,37 2/ 0.18 ¥ 0,01 4/ 0.00 3 0,00

9/ 0,00 10/ 0,00 {1/ 0,00 1012/ 0.00 35/ 0400
347 0,00 12/ 0.00 18/ 0.05 17/ 0.15 16/ 0.13
22/ 0,00 25/ 0.00 38/ 0.00 19/ 0,00 21/ 0.00
26/ 0,00 30/ 0.00 29/ 0.01 287 0.00 277 0.00

s 0,00 1025/ 0,00 1036/ 0,00 1029/ 0.00 1018/ 0,00

CONDUITS / FLOWS
1/ 1.58 2/ 0.5 3/ 0.00 4/ 0.00 5/ 0.00
9/ 0.00 107 0,00 117 0.00 35/ 0.00 34/ 0.00
147 0.00 17/ 0.15 16/ 0.30 15/ 0.00 19/ 0.00
26/ 0,00 187 0.00 20/ 0.00 22/ -0.,00 23/ 0,00
30/ 0.00 297 0.00 28/ 0,00 37 0,01 32/ 011
1019/ 0,00 1021/ 0.00 1024/ 0,00 1026/ 0.00 1036/ 0.00

9029/ 0,00 9036/ 0,00 90046/ 0,00 90047/ 0.00 50048/ 0.00

&/

14/

31/

1020/

6/

13/

21/

33/

9012/

0,00

0.00

0.00

0,00

0.01

0.00

0.00

0.00

0,00

6,00

0.00

0,00

1/

12/

24/

27/

1014/

9018/

8/

8/

0.13

0,00



TOTAL SYSTEM INFLOW VOLUME = 1284473, CU FT

JUNCTION QUTFLOWS AND
STREET FLOODING

JUNCTION OUTFLOW: FT3

7 9925135,

8 144503,

35 66137,

20 1873,

1018 23313,
TOTAL 1228343, CU FT

VOLUME LEFT IN SYSTEN = 38927, CU FT

ERROK IN CONTINUITYs FERCENT = -0.22
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FEDERAL HIGHWAY ADMINISTRATION

DEPARTHENT OF TRANSPORTATION
WASHINGTON, I.C.
ANALYSIS MODULE EXAMFLE PROBLEM

FEXEXE XX R AR AR XK Y XXX

TIKE
HR . MIN

0,24
0.21

122
0.23

W24

«29
0.26

27

+28
0,29
0,20
0.31
0,32
0,23
0,34
0,35
0,36
0,37
0.38
0,39
0,40
0.41
0.42
0,43
0,44
0,45
0.46
0.47
0,43
0,49
6,30
0,91
0,52
0,33
0,34
0,53
0,36
0,57
0,58
0,39
10
1.
1.
10

(=)

o T R X

BELLVIEW REDMONI' ROAD DRAINAGE SYSTEM

JUNCTION 31

GRND
ELEY

al.2

91,22
31,23
91,25
al.26
31,27
31.28
31,30
91.31

51,32

T I U

(=i e N = B N T R RS, I R L T, B 0 I

- * + r e o e -

-

I I I I . = =

—— bt pn bed s b b bk g b s b bk . b e o ek e b ek
et P S o 0O~

Nt cn N enenen AN e CTUT LN el QN e L7 Ll LN en en en an

-

o b e © o 0 N0 W)= O N0 o

92460

DEFTH

0.20
0,22
0.2

0.25
0.26
0.27
0.28
0.30
0.31
0,32
0.33
0.35
0,36
.37
0.38
0,39
0.41
0.42
0.42
0.44
0,45
0047
0.48
0.49
0.50
0,51
0.52
0.33
0,35
0.56
0,37
0,38
0.59
0.60
0.61
0,62
0.64
063
0.466
0.68
0.49
0,70
0.71
0.72
0.73

¥kkk URBAN HIGHWAY IRAINAGE FROGRAM XX
o

i
kExx

JUNCTION 28
GRNI 52,50

ELEV  DEFTH
49.09  0.09
49,10 0.10
49.10 0,10
49,10 0.10
.41 o1
47,11 0.1
49.11 0.1
49,12 0.12
49,12 0.12
49,13 0,13
49,13 0.13
49,13 0,13
49.14  0.14
49.14  0.14
49,14 0.14
49,15 0,15
49,15 0.15
47.16  0.16
49.16 0.6
49,17 0.17
4917 0,17
49,18 0.18
49.1%  0.19
49,21 0.2
49.24 0,24
49,26 26
49,28 0.28
49,30 0,30

49,32 0,32
49,33 0,33
49,35 0,35
49,36 0,14

49,37 0.37
49.39 0,39
49,40  0.40
49,41 0.4

49,43 0.43
49,53 0,33
49.59  0.39

49,67 0.67
49.76 0,74
49085 *

30,04

0
49.95 0.

1
90.14 1

ANALYSIS MODULE

JUNCTION 30

GRND
ELEV

44,25
44,27
44,28
44,30
44,32
44,33
44,35
44,37
44,38

44,39

44,41
44,43
44,44
44,45
44,47
44,48
44,48
44,49
44,50
44,51
44,53
44,56
44,58
44,60
44,61
44,62
44,62
44,63
44,63
44,63
44,63
44,64
44,44
44,64
44,64
44,64
44,65
44,65
44,65
44,66
44,66
44,66
44,47
44,47
44,67

50400
DEPTH

0,25

TIKE HISTORY OF H. 6, L.
(VALUES IN FEET)

Xy

JUNCTION 29

GRND
ELEV

45,57
45.62
45,66
45.71
45.75
45.80
45,85
45,90
43,95
46,02
46,08
46,15
46,21
46,29
46,36
46,45
46,56
46.69
46,84
46.99
47.34
47,81
48.13
48,41
48,70
48.82
48,90
48,95
49.00
49.04
49.09
49,14
49,18
49,20
49,25
49,31
49,37
49,45
49,50
49,57
49.64
49.72
49,79
49,86
49,94

£0.00
DEPTH

0.57
0.62
0:66
0.71
0,73
0.80
0.85
0.%0
0.95
1.02
1.08

+

—

[== =] & e R —
&*O%ELH&*OEL.H

JUNCTION 1029
GRND 50,00

ELEV  DEPTH
48,00 0,00
48,00  0.00
48.00  0.00
48.00  0.00
48,00  0.00
48,00 0,00
48.00  0.00
48,00  0.00
48.00  0.00
48,00  0.00
48,00  0.00
48,00  0.00
48.00 0,00
48,00  0.00
48,00  0.00
48.00  0.00
48,00  0.00
48.00  0.00
48,00  0.00
48,00  0.00
48,00  0.00
48,00 0,00
48,14  0.14
48.42  0.42
48,48  0.48
48.80  0.80
48,85  0.85
48,89  0.89
T 4891 0.9
48,94  0.74
48,96  0.96
48,98  0.98
48.98  0.98
48,96  0.%¢
48,97 0,97
48.98  0.98
49.00  1.00
49,01 1.01
49.03  1.03
49.04 1,04
49,05 1.05
49,06  1.04
49.07  1.07
49,08  1.08
49,09 1,09

WATER RESOURCES DIVISION
CAMF DRESSER § MCKEE INC.
ANNANDALEy VIRGINIA

R RS R R RO R R R

JUNCTION 1036

GRND 49,30
ELEV  DEFTH
47,30 0.00
42,30 0,00
47,30 0,00
472,30 0,00
47,30 0,00
47,30 0.00
47,30 0.00
47,30 0.00
47,30 0,00
47,30 0.00
47,30 0.00
47.30  0.00
47,30 0.00
47,30 0.00
47.3¢ 0,00
47,30 0.00
47,30 0.00
47,30 0.00
47.30 0,00
47,30 0.00
47,30 0.00
47,30 0.00
47,30 0,00
47,30 0.00
47,36 0.0
47,63 0,33
47.68  0.38
47,73 0.43
47,77 0.47
47.81  0.51
47.86  0.536
48,09  0.79
48,22 0.92
48,30 1.00
48,33 1.03
48,37  1.07
48,40  1.10
48.42 ° 1.12
48,43 1,15
48,47 1,17
48.49  1.19
48,51  1.2%
48,53 1,23
48,55 1,25
48.36 1,26
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1.34
1.15
1.36
1.37
1,38
1.39
1.40
1.41
1.42
1.43
1.44
1.45

1.46

1.47
1.48
1.49
1.50
1.9
1.52
1,33
1.54
1,55
1.56
1.57
1,58
1.59

5174
31475
5175
51,75
o176
31.76
31,76
5176
51.77
31,77
51.77
31,77
31,77
91.78
31477
31,77
31,77
51,77
51,76
31476
91,76
3173
73
51.74
51,74
§1.73
51,73

91,72
51.72

st
1.7
31.70
31,70

31,70

.89
51,469
31,69
51469
51.49

51,68

51.68
91.48
51.48
51,67
o1.67
a1.67
91.67
31466
9166
31,66
51466
31463
31,65
91,65
31463

0.74

0.73
0475
0.75
0.76
0.76
0.76
0:76
0.77
0.77
0.77
0.77
0.77
0.78
0.77
0.77
0.77
0.77
0:76
0.76
0:76
075
0.75
0.74
0.74
0.73
0:73
0.72
6.72
0.71
0.71
0.70
0.70
0.70
0.69
0.49
0.69
0,69
0.69
0.48
0.68
0.68
0.68
0.467
0.67
0.67
0.67
0.66
0.66
0.66
0,86
0,65
0,85
0,45
0463

50,24
50,35
30,43
50.45
30.47
30.48
50,50
39,51
50,53
50.54
50435
50456
30,58
50,59
50,60
50,58
30,56
50,54
50.33
30491
50.49
50443
0.41
50.38
50,35
50,31
50,16
49,98
49,81
49,65
49,52
49.40
49,44
49.50
49,36
49,63
49,70
49,78
49,80
49,79
49,78
49.76
49,75
49.74
49.73
49.71
49,70
49.49
49,68
49.47
49,63
49,58
49,54
49,50
49,45

1.24
1.35
1.43
1.45
1.47
1.48
1.50
1430
1,50
1,50
1,50
1,50
1.30
1,50
1.50
1,50
1.50
1,30
1430
1,90
1.49
1445
1.41
1.38
1,35
1431
1:16
0.98
0.81
0.63
0.52
0.40
0.44
0,50
0.56
0.63
0.70
0,78
0.80
0.79
0.78
0,76
¢.75
0.74
0,73
071
¢.70
0,49
0.68
0.67

0.63

0.58
0.54
0,50
0445

44,68
44,48
44,48
44,48
44,49
44,69
44,49
44,49
44,49
44,49
44,49
44,69
44,69
44,49
44,89
44,49
44,49
44,49
44,69
44,49
44,49
44,49
44,48
44,48
44,48
44,48
44,48
44,47
84,47
44,46
44,66
44,45
84,45
4,45
44,65
44,46
44,66
44,86
44,66
44,66
44,66
44,46
44,66
44,46
44,66
44,46
84,66
84,4
44,66
44,6
44,66
44,65
84,45
44,45
44,65

0.68
0.68
0.68
0.48
0.69
0.469
0.69
0.69
0.69
0.69
0.6%
0.49
0.69
0.49
0.69
0,69
0.69
069
0.49
0469
0.69
0,69
068
0.68
0.68
0.68
0.68
0.67
0.67
0.66
0.66
0.63
0.65
0,63
0.63
0.66
0.66
066
0.46
0,66
0.66
0.66
0.66
0.66
0,66
0.66
0.66
0466
0.66
0.66
0,66
0465
0.45
0.65
0465
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50,02
50,10
5016
50,18
50,19
50,20
50,21
50,23
50,24
50,25
50,27
50,28
50,29
50,30
50,31
50,29
50,27
50,26
50,24
50,22
50,20
50,17
50,14
50,11
50,08
50,05
49,97
49,84
49,74
49,63
49,52
49,41
49,41
49,44
49,50
49,55
49,60
49,65
19,67
49,66
49,65
49,64
49,63
49,62
49,61
49,60
49,58
49,57
49,56
49,55
49,53
49,50
49,47
49,44
49,40

2:00
2.00
2,00
2,00
2,00
2,00
2.00
2.00
2,00
2,00
2,00
2,00
2400
2.00
2,00
2,00
200
2:00
2,00
2.00
2.00
2,00
2.00
2.00
2,00
2.00
2.00
2,00
2.00
2.00
2.00
2,00
2.00
2:00
200
2,00
2,00
2.00
2.00
2.00
2,00
2.00
2,00
2,00
2,00
2,00
2,00
2,00
2.00
2,00
2400
2:00
2,00
2.00
2:00

49,10
49,11
49,12
49.12
49.13
49.13
49,13
49,13
49.13
49,13
49.13
49.14

49.14
49.14

49,14
49,14
49,14
49,13
49,13
49,13
49,13
49,13
49,12
49,12
49,11
9,11
49,10
49,09
49,07
49,06
49,04
49,02
49,01
49,02
49,03
49,04
49,05
49,05
49,06
49,06
49.06
49,05
49,05
49,05
49,05
49,05
49,04
49,04
49.04
49,04
49,04
49,03
49,02
49,02
49,01

1,10
1.1
1:12
1,12
1,13
1.13
1.13
1.13
1.13
113
1413
1.14

114

1.14
1.14

1.14
1.14

+
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1,05
103
1.06
1.06
1,06
1.05
1.05
1,05
1,05
1,05
1.04
1,04
1.04
1.04
1.04
1,03
1.02
1.02
1,01

48.58
48,59
48.61
48,62
48,62
48,62
48,63
48.43
48,63
48,63
48,43
48.64
48,64
48.64
48.64
48,64
48.64

48,64

48,63
48,63
48,63
48,62
48,62
48,42
48,61
48,40
48,60
48,58
48.54
48.54
48,51
48,48
48,45
49,45
48,44
48,47
48,49
48,50
48,51
48,52
48,52
48,51
48.51
48,51
48,51
48,50
48,50
48,50
48,49
48,49
48,49
48,48
48,47
48,46
48,45

1,28
1,29
1,31
1,32
1,32
132
1,33
1,33
1,33
1,33
1,33
1,34
1,34
1,34
1,34
1,34
1,34
1.34
1,33
1,33
1,33
1,32
1,32
1,32
1.3t
1,30
1.3¢
1,28
1,26
1,24
1,21
1,18
1,15
1,15
1,16
1,17
1,19
1,20
1,21
1,22
1,22
1.21
1.2
1,21
1,21
1,20
1,20
1,20
1,19
1,19
1,19
1,18
1,17
1,16
1,15



FEDERAL HIGHWAY ADMINISTRATION

" DEPARTHENT OF TRANSPORTATION
WASHINGTON:» DL,

IS SRS R SRS RRESERR RS

TIHE
HR + MIN

0.20
0,21
0.22
0.23
0.24
0.25
0,26
0.27
0.28
0.29
0.30
0.31
0.32
0,33
0.34
0.35
0.36
0.37
0.38
0.3%
0.40
0.41
0.42
0,43
0.44
0.45
0.46
0.47
0.48
0.49
0430
0.51
0.52
0,53
0.54
0,35
0,56
0.57
0,58
0.59
t. 0
1.1
1 2
1. 3
1. 4

JUNCTION 36

GRND  58.80
ELEY  DEFTH
45.00  0.00
45,00 0,00
45,00  0.00
45.00  0.00
45,00 0,00
45.00  0.00
45.00 0,00
45,00 0,00
43,00 0,00
45,00 0,00
45.00 0,00
45.00 0,00
45,00  0.00
45,00 0,00
45,00 0,00
43.00 0,00
45.00  0.00
43.00  0.00
45,00 0,00
45.00 0,00
45,00  0.00
45,060 0,00
43,00 0,00
45,00 0,00
45,00  0.00
45,31 03
45,38  0.58
45,88  0.88
46,27 1,77
46,81  1.81
48.00 2,00
48.07 2,00
48,20 2,00
48,28  2.00
48,31 2,00
48,35 2,00
48,38 2,00
48,40 2,00
48,43 2,00
48.45 2,00
48.47 2,00
48.4% 2,00
48,51 2,00
48,53  2.00
48,54 2,00

KxX UREAN HIGHWAY DRAINAGE PROGRAN k¥xx

pitt]
3444

< ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

JUNCTION 22

GRND 43,00
ELEV  DEPTH
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
37,00 0.00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39,00 0,01
9.5 0,52
39,48 0.48
39,53 0,53
4,49 0,70
42,0 0,70
42,60 0,70
42,66 0,70
2,70 0,70
2,72 0,70
27 070
2,75 070
42,76 0,70
2,77 070
2,78 0,70
279 0,70
279 0,70
42,80 0,70
2,81 0,70
28 0.70

ANALYSIS MODULE

TINE HISTORY DF Hi 6L
(VALUES IN FEET)

JUNCTION 1025

GRND  48.50
ELEV  DEPTH
47,30 0,00
47,50  0.00
47,50  0.00
47,50 0,00
47,30 0,00
47,30 0.00
47,50 0,00
47,50  0.00
47,50 0,00
47,50 0,00
47,50 0,00
47,30  0.00
47,50 0,00
47,50 0,00
47,50  0.00
47.50 0,00
47.50  0.00
47,50  0.00
47,30 0,00
47.50  0.00
47,50 0,00
47,30 0,00
47,30  0.00
47,50  0.00
47,50 0,00
47,50 0,00
47,50 0,00
47,50  0.00
42,50 0,00
47,50  0.00
47,50  0.00
47,54  0.04
47.61 0.1
47,67  0.17
47.6%  0.19
47,70 0.20
47,71 0.2
47,72 0.2
47,73 0.23
47,74 0.24
47,75 0.5
47:76 0,26
47.76  0.26
47,77 0.27
47,78  0.28

19

eit)
piit]

JUNCTION 1022

GRND 44,00
ELEV  DEPTH
43,00 0,00
43,00 0,00
43,00 0.00
43,00 0,00
43,00 0,00
43,00 0,00
43,00 0,00
43.00 0,00
43.00 0,00
43,00 0,00
43,00 0,00
43,00 0,00
43,00 0,00
43,00 0.00
43,00 0,00
43,00 0,00
43.00 0,00
43.00 0,00
43,00 0,00
43,00 0,00
43.00 0,00
43,00 0,00
43,00 0.00
43,00 0,00
43.00 0,00
43.00 0,00
43,00 0,00
43,00 0.00
43.00 0,00
43,00 0.00
43,00 0,00
43,01 0,01
43.03 0,03
3.1 0.1
3.2 02
3,29 0.9
43,33 0,33
234 0H
43,35 035
43,36 0.3
43,37 0.3
43,38 0.38
43,39 0.3
43.40 0,40

43,42 0.42

JUNCTION 1020

GRND  40.00
ELEV  DEPTH
39.00 0,00
39.00 0,00
39,00  0.00
39,00  0.00
39.00 0,00
39.00 0,00
39,00 0,00
39.00 0,00
39.00 0,00
39,00 0.00
39.00 0,00
39.00 0,00
39.00 0,00
39,00  0.00
39.00 0,00
39,00 0,00
39,00 0,00
39,00 0,00
39.00  0.00
39.00 0,00
39,00  0.00
39.00  0.00
39.00  0.00
39.00  0.00
39.00 0,00
39.00  0.00
39,00 0,00
39.00  0.00
39,00  0.00
39.00 0,00
39,00  0.00
39.00 0,00
39.00 0,00
39.00 0,00
39,04  0.04
39.41 0.1
39,19 0.19
39.24 0.4
31927 0.27
I9.28  0.28
39,30 0.30
39,31 0.3
39,32 0.32
39,33 0.33
39,34 0.34

WATER RESOURCES BIVISION
CAMP DRESSER & MCKEE INC.
ANNANDALEy VIRGINIA

PEXREX AR ERAXAXRRRXK

JUNCTION 1018
GRND 36,30

ELEYV  DEFTH
34,50 0.00
34,50 0,00
3450 0.00
34,50 0.00
34,50 0.00
34,30 0.00
34,50 0.00

34,50 0.00
34,50 0,00
34,50 0.00
34,50 0,00
34,30 0.00
34,50  0.00
34,50 0.00
34,30 0.00

34,50 0.00
34.50  0.00
34,50  0.00
34,30 0,00
34,50 0,00
34,50 0,00
34,50 0,00
34,30 0,00
34,50 0.00
34,50 0.00
34,52 0.02
34,76 0.26
35,31 0.81
3584 1,34
36,16 1.66

36,20 1,70
36,22 1.72
36,24 1,74
36,25

(=
-

~3
(24

36,26 1,76
36,27 177
36,29 179
36,32 1.82
36.34 1,84
36.33 1.85
36,36 1.86
36,37 1.8
36,38 1.88
36,38 1.88
36,39 1.89



48,56
48,57
48,59
48.40
48,60
48,460
48,60
48.61
48,61
48,61
48.61
48,41
48.62
48.62
48,62
48.62
48,62
48,41
48.61
48,41
48.41
48,60
48, 60
48,59
48,59
48,38
48,58
48,56
48,34
48,52
48.49
48.44
48,43
48.43
48.44
48.45
48.47
48.48
48.49
48,50
48,30
48.49
48.49
48.49
48.4%
48,48
48.48
48.48
48.47
48.47
48.47
48,46
48,45
48.44
48,43

2.00
2.00
2.00
2,00
2.00
2,00
2,00
2,00
2.00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2.00
2,00
2,00
2:00
2,00
2,00
2,00
200
2:00
2,00
200
2,00
2.00
2,00
2.00
2,00
2.00
2.00
2:.00
2400
2.00
200
2,00
2,00
2.00
2,00
2.00
2.00
2,00
2,00
2,00
2,00
2,00
2,00
2.00
2,00
2:00

42,82
42.83
42,83
42,84
42,84
42,84
42.84
42,84
42,84
42,84
42,84
42,85
42.85
42,85
42,85
42,85
42,85
42,85

2.85
42,84
42,84
42,84
42,84
42,84
42.84
42,82
42,83
42.83
42,82
42,81
42,80
42,79
42,78
42.77
42,77
42.78
42,78
42.79
42,80
42,80
42,80
42.80
42,80
42,80
42,79
42,79
42,79
42,79
42,79
42,79
42,79
42,79
42,78
42,78
42,77

0.70
¢.70
0,70
0.70
0.70
0,70
0.70
0.70
0.70
0,70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
¢.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0,70
0.70
0.70
0:70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0,70
0.70
0.70
0.70
0.70
0.70
6.70
6.70
0.70
0.70
0.70
0.70
0.70
0. 70

47.79
47,79
47,80
47.80
47.81
47,81
47.81
47.81
47.81
47.81
47,81
47,81
47.81
47.81
47.81
47,81
47.81
47.81
47.81
47.81
47,81
47.81
47.81
47.80
47.80
47,80
47.80
47.7%
47.79
47.78
47.77
47.76
47.74
47.74
47,74
47,74
47,75
47,75
47,76
47,76
47,76
47,76
47,76
47.76
47,76
47,76
47.76
47,76
47,75
47,73
47,75
47,75
47,75
47.74
47.74

0.29
0.29
0,30
0,30
0,31
0.31
0,31
0.31
0,31
0.31
0,31
.31
0.31
0,31
0,31
0,31
031
0,31
0.31
0.31
0.3t
0,31
0.31
0.30
0.30
0,30
0,30
6.29
0.29
0.28
0.27
0.26
0.24
0,24
0.24
0,24
0,25
0,23
0.26
0,26
0.26
0,26
0.26
0.26
0.26
0.26
0.26
0,26
0,25
0.25
0.23
0.25
0.23
0.24
0.24

220

43,43
43,44
43,45
43,45
43,46
43,46
43,44
41,47
43,47
43,47
43,47
43.47
43.47
43.47
43.47
41.47
43,48
43.47
43.47
43.47
43,47
43,47
43,44
43,46
43,46
43,46
43,45
43,45
43.44
43.43
43,41
43.40
43.38
43,36
43,36
43,36
43.37
43.38
43,39
43.39
43.40
43,40
43,40
43.40
43,39
43,39
41,39
43,39
43,39
43,38
43,38
43,38
43.38
43,37
43,37

- . .

-
e pe b e B B S <
SI55 =

- -

O D BN LA e Gl

L OO OO O oD
-

-

0.47
0.47
6.47
0,47
0.47
0.48
0.47
0.47
0.47
0.47
0.47
0.46
0.4
0,46
0.44
0.45
0.45
044
0.43
0.41
0.40
0.38
0,36
0.34
.36
0,37
0.38
0,39
0.39
0.40
0.40
0.40
0,40
0.39
0.39
0.9
0.39
0.39
0,38
0.38
0.38
0.38
0.37
0:37

39435
19.34
39,36
39.37
39.38
39.38
39.38
39.39
39.39
39.39
39.39
39.39
39.39
19.39
3%.39

39,39

39,39
39.39
39.39
19.39
39.39
39.39
39.39
39,39
39.38
39.38
19,38
19.38
9.%7
39.36
39.35
19,34
39.33
39.31
39.30
39.30
39,30
39.31
39.31
39.32
39.33
39,313
39,33
39.33
39.33
39.33
39.33
39.32
39,32
39.32
39.32
39.32
39.32
37.0
39.31

0,33
0.36
0,36
0.37
0.38
0.38
.38
0,39
0.39
0.39
0.39
0.39
0.39
0.39
0,39
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0,39
0.38
0.38
0.28
0.38
0.37
0.36
0:33
0,34
0,33
0.31
0.30
0.30
0,30
0.31
0.31
0,32
0.33
0.33
0.33
0,33
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36,40
36,40
36,41
36,41
36,41
36,42
36,42
36,42
36.42
36,42
36,42
36,42
36.42
36,42
36,42
36,42
36,42
36.42
36,42
36,42
36,42
36,42
36,42
36,42
3b.42
36,42
34,41
36.40
36,48
36,39
36,38
36.36
36,36
36+36
36,36
3636
36,36
36,37
36,37
36,38
36.38
36,38
36,38
36.38
36,38
36.38
36,38
36,38
36,38
36,38
36.37
36,37
36:37
36,36
36,36

1.90
1.90
191
1.91
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FEDERAL HIGHWAY ADMINISTRATION

DEPARTHENT OF TRANSPORTATION
WASHINGTONs D.C,
ANALYSIS HODULE EXAMPLE PROBLEM

I RSSO RSN S SRR RN RN R

JUNCTION 17

GRND  38.00
ELEV  DEPTH
33,32 012
33.33 0,33
33,34 0.34
3335 0,35
33,36 0.36
313,37 037
33,38 0.38
33,39 0.39
33.40  0.40
33.41 0.4
1342 0.42
3.4 0,43
34 0.4
3.4 0,44
3345 0445
33.46  0.46
33.47 047
3351 051
I3.58  0.58
33,66 0.46
3375 075
33,85 0.85
33.98  0.98
3415 1145
3436 1.36
34,63 1.50

34,85 1,30
35,36 1,50
35.96  1.50

36,28 1.50
36:33 1,50
36,36 1,50
36,39 1,50
36,41 1,50
36.44 1.50
36,47  1.30
35,30 1.30
36,54 1,50
36,38 1,30
36,61 1,50
36,63 1,50
36,65  1.50
36.66  1.50
36,48  1.50
36,69 1.30

KKkk URBAN HIGHWAY IRAINAGE FROGRAM iik

o
e 14

BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

TIKE HISTORY OF H.6 L.
(VALUES IN FEET)

JUNCTION 18

GRND
ELEV

32,53
32,58
32.62
32.67
J2.72
32.77
32,84
32.%90
32,98
33403
341
33.18
3324
33,30
33.37
33.43
33:30
33.35
33.60
33.47
33.75
33.84
33,96
34,11
34,31
34,55
34,80
35,30
35.84
36.19
36,24
36,27
36,29
16,32
36.34
36,36
36.39
36.43
36,46
36.49
36,31
36,52
36453
36.54
36:56

37,00
BEPTH

0.53
0.58
0.62
0.67
0.72
0.77
0.84
0.90
0.98
1,05
1.1
1.18
1,24
1,30
1.37
1.43
1.50
1.55
1.60
1.67
1.73
1.84
1.96
2,00
2.00
2.00
2:00
2,00
2,00
2:.00
2,00
2,00
2,00
2,00
2,00
2:00
2,00
2:00
2.00
2,00
2,00
2,00
2,00
2,00
2.00

ANALYSIS HODULE

JUNCTION 1018
GRKD 36,50

ELEV  DEPTH
3450 0,00
3430 0,00
34.50  0.00
34,30 0,00
34,50 0,00
34,50 0.0
14,50 0.00
34,50 0.00
34,50 0,00
J4.50  0.00
34,50 0.00
34,50  0.00
3450 0.00
34,50 0.00
34,50 0.00
34,56 0.00
34,30 0.00
34,50 0.00
34,50 0,00
34,36 0.00
34,50 0.00
34,50 0.00
34,50 0.00
34.5¢  0.00
34,30 0.00
34,52 0.02
34,76 0.26
35.31 0.8
5.4 1,34
36:16 1,66

36,20 1.70
36.22 1.72
36.24  1.74
3625  1.75
3626 1,76

36,27 .77
36:29 179
36,32 .82
36.34  1.B4
36,35 1.85
36,36 1.86
36,37 1.87
34.38  1.88
J6.38  1.88
36,39 1.89

221

2448
R4 44

JUNCTION 1012

GRND 3700
ELEV  DEPTH
35,00 0,00
.00 000
500 0,00
35.00 0,00
35.00 0,00
3500 0,00
35.00 0,00
3500 0.00
500  0.00
15,00 0.00
3500 0.00
35.00  0.00
300 0,00
3500 0,00
35,00 0,00
B0 0,00
35.00 0,00
35,00 0,00
5,00 0.00
35.00  0.00
3500 0,00
3500 0.00
35,60 0,00
35,00 0,00
35,00 0,00
35,00  0.00
3500 0.00
35,00 0.00
35.00  0.00
5.1 0411
3534 0,34
3551 0,51
15,66 0.46
79 0.7
35,96 0,90
35.98 0,98
36:06 1,06
3615 115

36,22 1.22
36.25 1,23

36.36 1.26
36.26  1.26
36:27 127
3627 1.27
36.28  1.28

JUNCTION 12
GRND 47,00
ELEV  DEPTH

32,50 6.80
32,54 0.84
32,37 0.87
32:.61 0.9
365 0,95

3269 0,99
3274 1.04
32,78 1.08
32,82 .12
32,87 1,17
32,92 1.2

32,96 1.2
35,00 L3
33,05 1.8
3309 149
33.14 144
33.18  1.48
3322 1.82
3326 1,36
33.30  1.40

33.36 1.46
.4 L7
13.53 1,83

1364 1.94
3.7 2,00
13.98  Z.00

34,85  2.00
34.30 2.0
J4.87 2,00
B0 2:00
35,33 2.00
35:30  2.00
35.65 2,80
378 2,60
I5.88 2,00
3596 2,00
36.03  2.00
36,12 2,00
1619 .00
36,21 2.00
38.22 2,90
36:23 2,00
36.24  2.80
36,26 2.06

3623 2,80

WATER RESOURCES DIVISIOH
CAMP DRESSER % NCKEE INC.
ANNANDALEy VIRGINIA

ISR RS RS RSN ERRENE RS

JECTION 11
GRMD 37,50
FLEY  DEPTH

33.,90  0.00
35,90 .00
35:90 0,90
35.30  0.00
35,56 0,80
35.50 0,00
35,50 0,00
3550 0,00
35:.90 0,00
3550 .00

55.30 0,00
350 0.00
35,30 0.0
Joe30 0,00
TG0 0.8
3596 0.0
35,50 G.00

19,50 9,00
35,50 0.00
3550 0,00
3550 0,00
1.5 0.00
35,5  0.00
350 0,00
3550 9,00
350 0,00
IS0 0,00
350 0,00
350 0.00
350 0.00
350 0.00
T 0,00
[ebh 004
B/ 0,25
B 0,31
3186 0.3
B 0.4
1[I 047
302 0.52
36.04 0,54
.04 054
305 0,55
36,05 0.5
36,05 0.5
.06 0.56



i.5
1. 6
1.7
1, 8
1. 9
1,10
1,11
112
1,13
1.14
1,13
1.16
1,17
1,18
1.19
1,20
1.21
1,22
1.23
1.24
1.25
126
1.27
1.28
1.29
1,30
1.3
1,32
1.33
1.34
1.35
1.36
1.37
1.38
1.39
1,40
141
1.42
1,43
1.44
1.45
1.46
1.47
1,48
1.49
1,50
1.3
1,52
1.53
154
1,55
1.56
1.57
1,58
1,59

36,70
36472
3673
36,73
36474
36,75
36:75
36,76
36476

3676 .

36476
36476
36:76
36476
36,76
36476
36,76
3675
36,75
36,75
36475
36,74
36,74
36.74
3673
3673
36:70
36,67
36.64
36,61
36,58
36456
36456
36,58
36458
16.60
36,61
36463
36463
36,63
36,64
36,64
36.64
36463
36,63
36,63
36,63
36462
36462
36462
36.61
36460
36,59
36,58
36,57

1,50
1,30
1.50
1,50
1,50
1,50
1,50

1.50
1.50
1,50
1.50
1,50
1.50
150
1,50
1,50
1,30
1,50
1,50
1,50
1,50
1.50
1,350
1.50
1,50
1.50
130
1,50
1,50
1.50
1.50
1.50
1.50
1,50
1.50
1,50
1,50
1.50
1,50
1,50
1,50
1.50
1,50
1,50
1.50
1.50
1,50
1,50
1,50
1,50
1.50
1,50
1,50
1,50

36,57
36,58
36,57
36409
36,59
36:60
36460
36:60
36,60
36,60
36461
36,61
36461
36461
36,61
36.61
36,61
36460
36,60
36,60
36,60
36460
36,60
36,60
36459
36459
36456
36,53
36450
36.47
36.44
36,42
36.43
36,44
36445
36,47
36,49
36451
36,51
36,51
36,51
36451
36451
36,51
36,51
36,51
36,51
36,51
36+50
36,50
36,49
36,49
36.48
36,47
36446

2,00
2.00
2:00
2,00
2,00
2:00
2,00
2.00
2400
2,00
2,00
2,00
2,00
2,00
2:,00
2,00
2,00
2,00
2,00
2,00
2,00
2:00
2,00
2400
2,00
2,00
2,00
2,00
2,00
2.00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2:,00
2,00
2,00
2,00
2,00
2,00
2.00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00

36,40
36440
36.41
36,41
36.41
36.42
36.42
36,42
36.42
36,42
36.42
36,42
36.42
36.42
36,42
36,42
36.42
36.42
36,42
36,42
36,42
36.42
36,42
36.42
36,42
36,42
36.41
36440
36.40
36,39
36,38
36,36
36,36
36.36
36,36
36,36
36,36
36,37
36:37
36,38
36,38
36,38
36,38
36.38
36,38
36,38
36,38
36,38
36.38
36,38
36,37
36.37
36,37
36436
36,36

1,90
1,90
1,91
1,91
1,91
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1,92
1.91
1,90
1,90
1,89
1,88
1,86
1.86

1,86
1,86
1,86
1,86
1.87
1,87
1,88
1,88
1,88
1,88
1,88
1,88
1,88
1,88
1,68
1,88
1.88
1,87
1,67
1,87
1,86
1,86
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36,29
36,29
36,30
36,30
36,30
36,31
36,31
36,31
36,31
36,31
36,31
36,31
36,31
36,31
36,31
36,31
36.31
36,31
36,31
36.31
36,31
36,31
36,31
36,31
36,31
36,31
36,30
36,29
36,29
36,28
36,27
36,26
36,25
36,25
36,25
36:25
36,25
36.24
36,26
36,27
36,27
36,27
36,27
36,27
36,27
36427
36,27
36427

36,27

36,27
36,27
36,26
36426
36426
36425

1,29
1,29
1,30
1,30
1.30
1.3
1.3
1.31
1.3
1.3
1.3
1.31
1.3
1.3
1.31
1.3
1.4
1.3
1.3
1.31
1.3
1.1
1.3
1.31
1.31
1.31
1,30
1.29
1.29
1.28
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1.27
1.26
1.26
1.26
1,25

36,26
36426
36,27
36.27
36:27
36.28
36.28
36,28
36,28
36.28
16,28
36,28
36,28
36,28
36.28
36,28
36,28
36,28
36.28
36,28
36,28
36,28
36,28
36428
36,28
36,28
36,27
36,26
36:25
36,24
36,23
36,22
36,21
36,21
36.21
36,22
36.22
36,23
3623
36,23
36.24
36424
36424
36.24
36,24
36,24
36,24
36,24
36,24
36,23
36,23
36,23
36,23
36,22
36,22

2,00
2,00
2,00
2,00
2,00
2,00
2,00
2.00
2,00
2,00
2,00
2,00
2,00
2.00
2,00
2,00
2.00
2,00
2,00
2,00
2,00
2,00
2:00
2,00
2:00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00

36,06 .

36,06
36,07
36.07
36,07
36,07
36.07
3608
36,08
36.08
36.08
36.08
36.08
36,08
36,08
36.08
36,08
36.08
36,08
36,08
36,08
36,08
36,08
36,08
36407
36,07
36.07
36,07
36,06

36,06

3605

36,05

36,04
36,04
36,04
36,04
36,04
36,04
36,05
36,05
36405
36,05
36,05
36,05
36405
36,05
36,05
36,05
36405
36,05
36405
36,05
36,05
36,04
36,04

0.56
0.56
0.57
0.57
0.57
0.57
0,57
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0,58
0,58
0.58
0.58
0.58
0.57
0.57
0.57
0.57
0.56
0.56
0.55
0,35
0.54
0.54
0.54
0.54
0.54
0.54
0.53
0,33
0.55
0.53
0.55
0,53
0.55
0455
0.35
0.35
0,55
0.35
0,553
0.55
0.55
0.54
0.54



FEDERAL HIGHWAY ADMINISTRATION KXXx URBAN HIGHWAY DRAINAGE FROGRAM XXX WATER RESOURCES DIVISION
DEPARTMENT DF TRANSPORTATION o 23t CAMP DRESSER & MCKEE INC.
WASHINGTON, D.C. X ANALYSIS MODULE Xxx ANNANDALEy VIRGINIA
ANALYSIS HODULE EXAMPLE PROBLEN
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

LY A A A N A A SUHHARYSTATISTICSFURJUNCTIUNS [ AT IR A A A T A A A A

UPPERMOST NAXTHUM TINE FEET OF FEET HAX. LENGTH
GROUND PIPE CROWN CONPUTED ofF SURCHARGE BEPTH IS oF

JUNCTION ELEVATION ELEVATIDN DEPTH  OCCURENCE AT HAX, BELOW GROUNE SURCHARGE
NUMBER (FT) (FT} (FT)  HR. HIN, IEPTH ELEVATION (KIN)
1 22,15 2215 4.27 2 0 0.00 .73 0.0
2 22,10 22,10 4.10 2 0 0.00 5.90 0.0
3 22,05 22,05 3.88 2 0 0.00 6412 0.0
4 22,00 22,00 N 20 0.00 8,29 0.0
3 21,9 21,95 3.50 20 0,00 690 040
& 21,90 21.90 1.19 2 0 0.00 6,81 0.0
7 21.85 21.85 1.96 2.0 0.00 8.04 0.0
8 15,50 15.50 3.00 10 0.00 0400 0.0
-9 29,00 29,00 0,25 1 2 0.00 2.73 040
1o 34.00 34.00 0.78 1 23 0,00 1.22 0.0
11 37.50 37,50 0,38 1 2 0.00 1,42 0:0
1012 3700 37,00 1.31 1 22 0.00 0.469 0.0
35 21,61 21,60 0.85 1 2 0.00 0.76 0.0
14 26,61 26,60 0.73 1 2 0.00 0.86 0.0
13 30.40 30.40 0.41 1 2 0.00 0.59 040
34 32,50 32,50 0,39 1 2 0.00 0.61 0.0
12 47.00 33,70 4,58 1 22 2,58 10.72 7645
18 37.00 34,00 4,61 119 2.61 0,39 777
17 38,00 34,50 3.76 1 18 2426 1.24 73,3
14 41.00 37.50 0.96 1 18 0400 4.04 0.0
15 44,00 41,50 0.51 1 18 0.00 3.49 0.0
20 39.00 36,70 3.00 0 50 2,30 0,00 7243
22 43.00 39,70 3.8 1 20 3.15 0.13 1.3
29 57,30 44,70 2,70 1 20 2,00 10.80 70.7
36 38.80 47,00 3.62 120 1.62 10.18 70.7
19 29.60 29.60 ¢.58 ) S .00 1.02 0.0
A 33.60 33.60 0463 1t 20 0,00 0.93 0.0
a3 35.60 33,60 0.80 1 20 0.00 0.80 0.0
24 43,40 43,60 0.51 1 2 0.00 1,09 0.0
26 44,60 44,60 1.09 119 0.00 0.51 0.0
30 50.00 45,60 0.69 1 19 0.00 3431 0.0
29 50,00 47.00 5,31 1 19 3.2 969 80.8
28 52,30 50,50 1.60 119 0,10 1.90 13.5
27 35,00 2,50 0.64 1 & 0.00 3,36 0.0
k)| 32,60 52,60 0.78 119 0.00 0.82 0.0
32 36.60 36,60 0,95 1 18 0.00 0,65 0.0
3 41,60 61.60 0,81 1 18 0.00 0.79 .0
1025 48,50 48,50 .31 120 0.00 0,69 0.0
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FEDERAL HIGHWAY ADMINISTRATION A6ty URBAN HIGHWAY DRAINAGE PROGRAM %ikd BATER RESOURCES DIVISION
DEPARTHENT OF TRANSPORTATION biid ¥Rk CAWP DRESSER & MCKEE INC.

WASHINGTON: D.C, fxix ANALYSIS HODULE b ied s ANNANDALEs VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM

BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

7.0 1t ¢+ ¢+ 1t 2 ¢ ¢ ¥ Xt q ¥} SUMMARYSTQTISTICSFURJUNCTIONS LANE SNN 2NN ANE Y A A B B A A AN A A

UPPERMOST HAXTHUM TIHE FEET OF FEET HAX. LENGTH
GROUND FIPE CROWN CONFUTED OF SURCHARGE DEPTH IS oF

JUNCTION ELEVATION ELEVATION DEPTH  OCCURENCE AT HAX, BELOW GROUND SURCHARGE
NUMBER (FT) (FT) (FT)  HR. HIN. DEPTH ELEVATION (HIN)
1036 49.30 49,30 1.34 | 0,00 0.66 0.0
1029 50,00 50,00 .14 t 19 0.00 0.86 0.0
1018 36,50 36,50 1.92 1 2 0.00 0.08 0.0
1020 40.00 40,00 0.39 1 2 0.00 9,61 0.0
1022 44,00 44,00 0.48 1 2 0.00 0.52 0.0
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FEDERAL HIGHWAY ADMINISTRATION KXk URBAN HIGHWAY DRAINAGE PROGRAM ik WATER RESOURCES DIVISION

DEPARTHENT OF TRANSPORTATION kX Kokk CANP DRESSER § MCKEE INC.
WASHINGTONs D.C. KXy ANALYSIS MODULE £xxy ANNANDALEy VIRGINIA

' ANALYSIS MODULE EXAMPLE PROBLEN

BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

FEXXREEXIRERESKXKY TIME HISTORY OF FLOW AND VELOCITY XEXRXXXXEXEXXLRX
Q(CFS)y VEL(FPS)

TIHE  CONDUIT 29 CONDUIT 31 coNpUIT 30 CONDUIT 1034 CONDUIT 1026 CONRUIT 1019
HR . HIN FLOW VEL FLOW  VEL FLOW  VEL FLOW  VEL FLOW  VEL FLOW  VEL
0.20 0.14 0.4 1.36 1.2 1.25 4.1 0.00 0.0 0.00 0.0 0.00 0.0
0.21 0.15 0.4 1,54 1.2 1.41 4.2 0,00 0.0 0.00 0.0 0,00 0.0
6,22 0.16 0.4 1.71 1.3 1,39 4.3 0.00 0.0 0.00 0.0 0,00 0.0
0.23 0.17 0.4 1.88 1.3 1,76 4.4 0,00 0.0 0.00 0.0 0.00 0.0
0.24 0.18 0.4 2,05 1.3 1,94 4.5 0.00 0.0 0.00 0.0 0,00 0.0
0.25 0.20 0.4 2,23 1.3 12 4.4 0.00 0.0 0,00 0.0 0.00 0.0
0.26 6.21 0.4 2:43 1.3 2,30 4.7 0,00 0.0 0,00 0.0 0,00 0.0
0.27 0.23 0.4 2:63 1.3 2,49 4.8 0:00 0.0 0.00 0.0 0.00 0.0
0.28 0.25 0.4 2,84 1.3 2:68 4.9 0.00 0.0 0.00 0.0 0.00 0.0
0.29 0,27 0.4 3,04 1.3 2,85 5.0 0,00 0.0 0.00 0.0 0.00 0.0
0.30 0.28 0.4 3.24 1.3 3.06 5.2 0.00 0.0 0.00 0.0 0.00 0.0
0.31 0.30 0.4 .46 1.3 328 5.4 0.00 0.0 0.00 0.0 0.00 0.0
0.32 0.32 0.4 367 1.2 J.49 5.5 0,00 0.0 0.00 0.0 0.00 0.0
0,33 0.37 0.4 3,93 1.2 31.69 4.7 0.00 0.0 0.00 040 0,00 0.0
0.34 0,35 0.4 4,16 1.2 3.89 5.8 0,00 0.0 0.00 0.0 0.00 0.0
0.35 0,37 0.4 4.40 1.2 4,03 6.0 0.00 0.0 0,00 0.0 0.00 0.0
0.36 0.38 0.4 4,64 1.1 4,08 5.9 0,00 0,0 ¢.00 0.0 0.00 0.0
6.37 0.41 0.4 4,88 1.1 4,23 6.1 0.00 0.0 0.00 0.0 0.00 0.0
0.38 0,45 0.4 5:15 11 4,40 4.4 0.00 0.0 0.00 0.0 0.00 0.0
0.37 0.48 0.4 5.42 1.1 4,57 66 0.00 0.0 0.00 0.0 0.00 0.0
0.40 0,52 0.4 5.68 1.0 4,94 7.0 0.00 0.0 6.00 0.0 0.00 0.0
0.41 0,56 0.4 395 0.9 5.47 7.7 0.00 0.0 0.00 0.0 0.00 0.0
0.42 0,59 0.4 622 0,9 .86 8.2 0.00 0.0 0.00 0.0 0.00 0.0
0,43 0:76 0.5 6,50 1.0 616 8.6 0.00 0.0 6,00 0.0 0,00 0.0
0.44 0.96 0.7 6,80 1.0 6.48 9.0 0.19 0.6 0.00 0.0 0.00 0.0
0.45 1.17 0.8 7.41 1.1 6.64 9.2 1.08 1.1 0.00 0.0 0.00 0.0
0.46 1.37 1.0 7.41 1.1 6:71 9.3 1,76 1.3 0.00 0.0 0.00 0.0
0.47 1,57 1.4 771 1.2 6:76 9.4 2:24 1.4 0.00 0.0 0.00 0.0
0.48 1.77 1.2 g.01 1.2 6:81 9.3 273 1.4 0,00 0.0 0.00 0.0
0.49 1.95 1.4 8.33 1.2 6.86 9.3 317 1.5 ¢.00 0.0 0.00 0.0
0.30 2:.12 1.5 8:.67 1.3 6,91 9.6 363 1.5 0.00 0.1 8.00 0.0
0.51 2,30 1.6 9.00 1.3 6.9 9.7 4,10 1.6 0.35 0.4 0.00 0.0
0.952 2.47 1.7 9.34 1.4 7.01 9.7 301 1.7 1.19 0.7 0.00 0.0
0.33 2,64 1.8 7.67 1.4 7,03 9.7 343 1.5 2,17 0.8 0.00 0.0
0,94 2.81 2.0 10.01 1.5 7.08 9.8 5.91 1.5 2:66 0.9 0.01 0.0
0.33 2,98 2.1 16,38 1.5 7.14 9.9 5.97 1.4 302 1,0 0,32 0.2
0.36 316 2.2 10.80 1.6 21 9.9 6.48 1.4 1.63 1.0 1.41 0.7
0.97 3,37 2.3 11,22 1.6 7.28 10,0 6,98 1.4 4,15 1.0 2,74 1.1
0.58 3.38 2.3 11.64 1.7 7.34 1041 7.47 1.4 4.70 1.1 366 1.3
0.39 3:54 2.3 12.06 1.8 7.41 10.2 7.92 1.4 5.18 1.1 4,27 1.4
L0 3,70 2.4 12.48 1.8 7.48 10.3 8.42 1.4 né7 1.2 4,68 1.4
1. 1 3.87 2.4 12.88 1.9 7,56 10.4 8.92 1.3 6.18 1.2 543 1.5
1. 2 4:05 2.3 13,25 1.9 7.64 10,5 9.40 1.5 6,68 1.2 3.62 1.3
1, 3 §:22 2.5 13:.61 2,0 7.71 10.6 9.86 1.5 7.6 1.2 6:13 1.6
1, 4 £.80 2.6 13.98 2.0 7.79 10.7 10.33 1.3 7463 1.3 6463 147
1. 3 §,98 2.7 14,35 24 7.87 10.8 10,79 1.3 8.0 1.3 746 1.7
1. & §.76 2.7 14,72 241 7,95 10.8 11,26 1.3 8,57 1.3 7:.65 1.8
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FEDERAL HIGHWAY ADMINISTRATION XXkx URBAN HIGHWAY DRAINAGE PROGRAN XXk WATER RESOURCES DIVISION
GEPARTMENT OF TRANSPORTATION XXk 3441 CAWP DRESSER & MCKEE INC.
WASHINGTON, D.C. 383 ANALYSIS MODULE XXX ANNANDALE, VIRGINIA
ANALYSIS MODULE EXAMPLE FROBLEM
BELLVIEY REIMOND ROAL DRAINAGE SYSTEM

PRk ek kv kx k% TIME HISTORY OF FLOW AND VELOCTITY ¥2sxxkxskxistxy
Q(CFS)s VEL(FFS)

TIME  CONDUIT 17 CONDUIT 19 CONDUIT 14 conpuIT 12 coNmuIT 11 CONDUIT 1014
HR « MIN FLOW VEL FLOW  VEL FLOW  VEL FLOW  VEL FLOW  VEL FLOW  VEL
0,20 1,11 2.8 0,00 0.0 1.19 24 1.41 3.0 0.00 0.0 0.00 0.0
0.21 1,22 2.7 0.00 0.0 1.28 2,2 .21 3.0 0.00 0.0 0.00 0.0
0.22 1,30 247 0,00 0.0 1,37 2.2 1,30 3.1 0.00 0.0 0,00 0.0
0.23 1,39 26 0.00 0.0 1,46 2.2 1,39 3.2 0.00 0.0 0.00 0.0
0.24 1.47 2.4 0.060 0.0 1.56 2.2 1,49 3.3 0,00 0,0 0.00 0.0
0.25 1,55 2.5 0.00 0.0 1,44 2.3 1,57 3.4 0.00 0.0 0.00 0.0
0.26 1.6 24 0,00 0.0 1.73 2.3 1.67 3.4 0.00 0.0 0.00 0.0
0.27 1,72 2.4 ¢.00 0.0 1.82 2.3 1.76 3.4 0.00 0.0 0.00 0.0
0.28 1.81 2.3 0.00 0.0 1,93 2.4 1.87 3.7 0.00 0.0 0.00 0.0
0,29 1.89 2.2 0,00 0.0 2,04 2.6 1,98 3.8 0:.00 0.0 0.00 0.0
0.30 1,97 2.2 0.00 0.0 2,15 2.7 2,09 3.9 0.00 0.0 0,00 0.0
0,31 206 22 0,00 0.0 2,25 2.8 2,19 4.0 0.00 0.0 0.00 0.0
0,32 214 2.4 0,00 0.0 2:36 3.0 2:30 4.1 0.00 0.0 0.00 0.0
0.33 223 A1 0.00 0.0 2046 3.1 2,40 4.2 0,00 0.0 0,00 0.0
0,34 231 1 0.00 0.0 256 3.2 2,50 4.3 0.00 0.0 0.00 0.0
0.33 239 21 0.00 0.0 2.66 3.4 2060 4.4 0.00 0.0 0:.00 0.0
0.36 248 A1 0.00 0.0 275 3.5 2,70 4.5 0.00 0.0 0.00 0.0
0.37 241 2.0 0.00 0.0 279 3.4 2:78 4.5 0.00 0.0 0.00 0.0
.38 2.48 1.9 0,00 0.0 2.87 3.7 2.84 4.6 0,00 0.0 0.00 0.0
0,39 2,596 1.9 0.00 0.0 2,96 3.8 2,91 4.7 0.00 0.0 0,00 0.0
G.40 2.64 1.8 0.00 0.0 3.04 3.9 2,98 4.7 0.00 0.0 0.00 0.0
0.41 269 1.8 0.00 0.0 309 3.9 3,01 4.7 ¢.00 0.0 0,00 0.0
0.42 277 1.7 0,00 0.0 3.17 4.0 3.10 4.9 0.00 0.0 0.00 0.0
0,43 278 1.7 0.00 0.0 3,33 42 3.20 5.0 0,00 0.0 0.00 0.0
0.44 283 1.6 0.00 0.0 3.51 4.4 3,35 5.2 0.00 0.0 0.00 0.0
0.45 293 146 0,00 0.0 3.69 4,7 333 5.3 0.00 0.0 0,00 0.0
0.45 2,92 1.7 0.57 0.4 3.87 4.8 3.68 5.7 0.00 0.0 0.00 0.0
0.47 275 1.5 1.29 3.8 4,34 5.4 3.98 4.1 0,00 0.0 0,00 0.0
.48 2,78 1.6 1,98 3.8 4,72 5.9 4,32 6.6 0.00 0.0 0.00 0.0
0.49 386 1.9 1.8t 4.4 511 6.5 4,51 6.9 0.00 0.0 .72 0.5
0.30 330 2.0 1.98 5.2 4,69 4.1 470 7.2 0.00 0.0 2,47 0.7
0.31 336 2.0 1,97 5.1 4,31 5.6 4.84 7.4 -0.00 0,0 3,32 0.5
0.52 3.64 2.1 1.96 5.1 3.97 54 4,96 7.5 -0,27 -0, 3.96 0.4
0,33 .66 2.1 1,95 5.t 3.64 47 3.06 747 0461 =043 451 0.4
0.54 371 2.1 1.95 5.1 3,35 43 .14 7.8 -1.29 -0.7 5.01 0.3
0055 3079 2.1 1094 500 3014 400 5’20 709 "1098 “100 5066 005
0.5 3.82 2.2 1.93 5.0 2,97 3.8 26 8.0 =2,77 -141 6,96 0.6
0.37 3.87 2.2 1,91 5.0 2,76 3.6 .33 841 ~3.91 -1.3 8.48 0.8
0,58 3096 2.2 1,90 409 2,56 303 5038 801 '4!91 '105 9060 008
0»59 4004 203 1089 409 2056 302 5040 802 "5027 "105 8042 008
1.0 4.4 2.3 1.88 A9 2,58 3.3 5.41 8.2 =5.43 -1.4 8.43 0.8
11 4,19 2.4 1.88 4.9 2.61 3.3 3.42 8.2 ~3.54 -146 8.49 0.8
1, 2 4,22 2.4 1,87 4.9 2.64 3.4 3.42 8.2 -0.64 -1.4 8.54 0.8
1. 3 .29 244 1.87 4.9 2967 304 5043 8.2 "5074 ‘106 8.63 0.8
1. 4 4,28 2.4 1.86 4.8 2,69 3.4 J.43 8.2 -5.84 -1.6 8.71 §.8
ie 5 ‘3Q32 2!‘3 1086 408 2072 305 5044 892 "5094 "106 . 3078 003
1. 6 4,36 2.5 1.86 4.8 275 3.5 J.44 8.2 0.8

-6,03 ~1.6 8.84
227
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FERERAL HIGHWAY ADMINISTRATION Aukk URBAN HIGHRAY DRAINAGE PROGRAM %% WATER RESDURCES DIVISION
DEPARTHENT OF TRAMSPORTATION 3444 biede CAMF DRESSER & MCKEE INC.
WASHINGTONs I.C. 3¢t ANALYSIS MODULE bRat] ANNANDALEy VIRGINIA
ANALYSIS MOWULE EXANPLE FROBLEM
BELLVIEW REDHOND ROAD IRAINAGE SYSTEM

FERERXR SR BRSP4 2 X% TINKE HISTORY OF FLOW AND VELOCITY XXRXXXXXXXREEXK
Q(CFS)y VEL(FPS)

TIME  CONDUIT %012 CONDUIT 9018 CONDUIT 9034 CONDUIT %029 CONDUIT
0.20 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
0.21 000 0.0 0.00 0.0 0.00 0.0 0.00 0.0
22 0.00 0.0 0.00 0.0 0,00 .0 0.00 0.0
0.23 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
0.24 0.00 0.0 0,00 0.0 0.00 0,0 0:00 0.0
0.25 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
0.26 0.00 0.0 0.¢0 0.0 0,00 0.0 0.00 0.0
0.27 0,00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
28 0,00 00 0.00 0.0 0,00 0.0 0.00 0.0
29 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
0,30 0.00 0.C 0,00 0.0 0.00 0.0 0.00 0.0
0,31 0:.00 0.0 0.00 0.0 0.00 0.0 0,00 0.0
0.32 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
0.33 0.00 0.0 0.00 0.0 0.00 0,0 0.00 0.0
0.34 0.00 0.0 0.060 0.0 0.0 0.0 0.00 0.0
0.35 0:.00 0.6 0.00 0.0 0.00 0.0 0,00 0.0
0.36 0.00 0.0 0.00 0.0 0.00 0.9 0.00 0.0
0.37 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
0.38 0:.00 0.0 0.0 0.0 0,00 0.0 0.00 0.0
0.39 0:.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
0.40 0,00 0.0 0:00 0.0 0,00 0.0 0,00 0.0
0,41 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
G.42 0.00 0.0 0.00 0.0 0.00 0.0 -0,41 0,2
0.43 0,00 0.0 0.00 0.0 0.00 0.0 -0,28 -0.2
¢.44 0,00 0.0 0.00 0.0 0,01 0.3 -0.78 -0.2
G.45 0.00 0.0 -0,22 0.0 1,22 3.2 -1.,42 -0.5
0946 0900 090 "0039‘ "'0&1 1067 390 "1094 "‘007
0.47 0,90 0.0 -G.45 -0.2 2,17 2,5 -2.40 -0.9
0048 0000 000 “0o50 "001 2066 201 ".'.sBé ‘110
0.4%9  ~0.44 -0.2 -2.04 -0.6 3.12 1.7 -3,30 -1.2
0,50 220 0.1 ~2.%2 -0.9 3.03 1,5 =3,76 -1.4
0.3 0.7¢ 0.2 ~-3.31 -1.1 2,33 0.9 -4,22 -1.3
0.52 1.14 0.4 -4,11 -1.3 2,40 0.9 -4,74 -1.7
0053 1555 0e6 “4063 "‘1«5 2033 0.9 _5620 "109
0054 198? 0&7 '5013 "‘1:6 2&33 008 '5»61 =20
0055 3914 005 ‘505? "108 2033 0a8 ‘6&08 -;.2
0056 2939 0&8 “‘5092 '"1o9 2»33 008 '6058 ‘29
0.57 2.67 0.9 -6,33 2.0 2.34 0.8 ~7.12 -2,5
0.38 2,87 1.0 -4.77 2.2 2,34 0.8 -7.54 -2.7
0059 2087 100 "7i04 -2.2 2,34 0.8 "'3002 -2.9
1. 0 2,84 1.0 =729 2.3 2,14 0.8 -8,32 -3.0
10 1 2w82 100 '7%47 _r.44 2034 008 ‘9002 ‘302
1, 2 279 1.0 ~7:63 -2.4 2,34 0.8 ~9.49 -3.4
1. 3 2:77 1.0 ~7.80 2.5 2.34 0.8 -9:95 3.5
1. 4 275 1.0 -7.96 -2.5 2,34 0.8 -10.41 -3.7
Io 5 2072 06? "8012 ’206 2035 008 ‘10088 "309
ic‘ 6 2970 0.9 "8028 ‘Loév 2035 008 '11034 "400
1.7 276 0.9 -8,33 -2.7 235 0.8 -11,71 -4.2
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FEDERAL HIGHWAY ADMINISTRATION ¥5x% URBAN HIGHBAY DRAINAGE FROGRAM khkx WATER RESOURCES DIVISION
DEPARTHENT OF TRANSPORTATION ¥ o CAMP DRESSER & MCKEE INC.
WASHINGTONs D.C. TXRX ANALYSIS MODULE Texx ANNANDALEs VIRGINIA
ANALYSIS HODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

IIIIIIIIIIIIIIIIISUMHAR\(STATISTICSFORCON[’UITSIllllll!lllllllll

CONDUTT HAXINUH TIME HAXIMUN TIME RATIO OF MAXIMUM DEPTH ABOVE
DESIGN BESIGN VERTICAL  COMPUTED OF COMPUTED 0F HAX. TO  INVERT AT CONDUIT ENDS
CONDUIT FLOW VELOCITY DEPTH FLOW  OCCURENCE  VELOCITY OCCURENCE DESIGN UPSTREAM  DOWNSTREAN
NUMBER (CF5) (FP5) (IN} (CFS)  HR., MIN. {FPS)  HR. HIN. FLOW {FT} (FT)
1 97%.4 2.7 120.0 349.5 2 0 3.4 2 0 0.4 4,27 4,10
2 7.6 27 120.0 348.7 2 0 K1Y 2 0 0.4 4,10 3.88
3 97%.4 2.7 120.0 286.4 2 0 3.2 2 0 0.3 3.88 in
4 979.6 2.7 120.0 285.7 2 0 3.4 2 0 0.3 37 3,350
] 979.46 27 120.0 285.1 2 0 3.8 2 0 0.3 3.50 3.19
b 979.4 2,7 120.0 284,35 2 0 9.2 2 0 0.3 3.19 1.%
7 63,3 4.2 36,0 6.1 1 10 0.6 0 1 0.1 3.00 3.88
g 6328 42,2 36,0 6.8 1 2 1.2 i 0 0.0 0.25 3,00
9 228.3 14.3 24,0 b4 1 22 5.3 1 2 0.0 0.78 0425
10 174.4 10.9 24,0 6.4 1 22 3.4 1 2 0.0 0.38 9.78
i1 93.2 3.8 2.0 040 6 0 0.0 0 0 0.0 0.58 1.4
H 64,8 7.8 19.2 13.6 1 21 4.7 1 21 0.2 0.75 0,83
34 30,2 745 12:0 3.5 1 22 3.0 1 3 0.2 0.41 0,75
11 32,9 8.2 1240 G+ to22 4,8 1 22 0.2 0,39 0.41
12 1.8 2.3 12,0 5.5 1 22 " 8.3 1 22 3.1 4,38 0.39
14 2.7 3.4 12,0 3.1 0 4% 645 0 49 1.9 4.61 4,58
17 11.8 4.7 18.0 4.6 i 13 2.9 0 1 0.4 3.76 4,61
14 15.8 8.9 18.0 4.6 1 13 7.5 ¢ 1 0.3 6.95 3.76
15 18.2 10.3 18.0 4.6 1 13 21.8 6 ¢ 0.3 0.951 0.96
19 2.4 52 8.4 240 0 30 T2 0 S0 0.8 3400 4,61
pal " 241 9.4 8.4 2,3 I 20 6.1 12 1.1 3.85 3,00
24 2.7 8.9 8.4 23 120 29,0 - 0 44 0.9 2:70 3.83
26 1.7 4.4 8.4 25 0 49 b.b 0 30 1.5 3.62 2.70
18 4.8 7.8 19.2 8.2 1 21 3.7 I 2 0.1 0.58 0,75
20 38.0 740 19.2 8.2 1 21 4.1 1 2 0.1 0.65 0.58
22 41.0 4.9 19.2 8.2 1 20 3.3 1 2 0.2 0.80 0,63
2 82.0 9.9 19.2 8.2 1 20 3.7 T 20 0.1 0,51 0.80
23 29.0 343 19.2 8.2 20 2.8 1 20 0.3 1.09 ¢.51
27 45.8 Ge3 1%.2 8,2 i 19 2.4 1 19 0.2 0.69 1.09
3¢ 4.0 3.1 12,0 8.2 1 19 1.1 1 19 2.0 35.31 0.69
29 18.2 10.3 18.0 - 4.9 1 7 2.8 1 30 0.3 1.60 5.31
28 12,9 7.3 18.0 4.9 1 & 62 0 58 0.4 0.64 1,60
31 n.a 8.5 19.2 13.9 1 19 2.3 1 19 6.2 6.78 5.3
12 38.0 740 19.2 153.9 1 18 4.9 119 0.3 0,95 0.78
13 64.8 7.8 19.2 13,9 1 18 12.9 0 0 0.2 0.81 0.95
1014 29.1 243 80 241 1 21 1.2 0 50 0.3 0.42 1.3
1019 19.1 246 6,0 10.2 1 22 2:0 1 2 0.5 0.39 0.42 -
1021 23,5 4,7 12,0 10,2 1 2 2.7 1 A 0.1 0.48 0.39



FEDERAL HIGHUAY ADMINISTRATION AEk URBAN HIGHWAY DRAINAGE PROGRAM %kxX WATER RESOURCES DIVISION
DEPARTHENT OF TRANSFORTATION KRy xxix CAMP DRESSER & MCKEE INC.

HASHINGTON: B.C. TRk ANALYSIS MODULE eted ANNANDALE» VIRGINIA
ANALYSIS HODULE EXANPLE PROBLEW
BELLVIEE REDHOND ROAD DRAINAGE SYSTEM

llIlIlIIIIIIifIIISUMMARYSTQTISTI’CSFBRCONDUITSIIIIIIIIIIIIIIIII

CONBUIT HAXTHUM TINE MAXIHUM TIME RATIO OF MAXIMUM DEPTH ABOVE

DESIGN DESIGH VERTICAL  COMPUTED oF COMPUTED oF MAXe TO  INVERT AT CONDUIT ENIS

CONDUIT FLOY VELOCITY DEPTH FLOW  OCCURENCE  VELOCITY OCCURENCE BESIGN UPSTREAM  DOWNSTREAN
NUMBER {CFs) (FPs) (I (CF8)  HR. MIN. {FPS)  HR. KIN. FLOW {FT) (FT)
1024 35.2 3.1 640 1.2 1 2 10.9 0 49 0.3 0.31 0.48
1026 23:6 L3 12,0 6.2 1 2 1.4 1 20 0.4 0,84 0,31
1038 122.3 3.6 8.0 12:4 i 19 1.7 0 52 -0 0,64 ¢.84
9012 26.7 8.3 24.0 3.2 1 3 1.1 1 34 0.1 1,31 4,58
018 31.0 9.9 24.0 0.0 6 0 0.0 0 0 0.0 1,92 4,61
9029 75,5 8.1 24,0 0.0 6 0 0.0 6 ¢ 0.0 1.14 5.31
9036 22,3 7.1 24,0 3.3 0 50 3.7 0 4 0.2 1.34 3,62
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FEDERAL HIGHWAY AIMINISTRATION HEEX UREAN HIGHWAY DRAINAGE FROGRAM ¥X%¥ WATER RESOURCES DIVISION
DEPARTHENT OF TRANSPORTATION 83 4] ek CAMF DRESSER § MCKEE INC.
WASHINGTONy DnC. Trex ANALYSIS MODULE KExx ANNANDALEs VIRGINIA
ANALYSIS MOLULE EXAMFLE FROBLEM
RELLVIEW REDMOND ROAD DRAINAGE SYSTEM

38,000 I INVERT ELEV- 31,70 FEET
CROWN ELEV- 33,70 FEEY

.

I GROUND ELEV- 47,00 FEET
I
1
I
I
I
I
I p3tateteitabit it sttbbitaseritossvitestatiesoreeiei
36,000 - ¥k
1 X
I %
I X
I %
I ¥
1 ]
I ¥
I X
I X
34,000 - L
I X
I b4 4
JUNCTION I 44
I o
WATR SUR I htied
I 234
ELEV(FT) I XX
1 ey
I b3+
32,000 - b4
Thkckixx
I
1
I
I
I
I
I
I
30,000 1 1 I I I I I I I I I
0.0 0.2 0.4 0.6 0.8 1.0 1,2 1.4 1.4 1.8 2.0

CLOCK TIME (HOURS)
JUNCTION NUMEER 12
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FEDERAL HIGHWAY ADMINISTRATION ¥1xx URBAN HIGHWAY DRAINAGE FROGRAM kkxx WATER RESOURCES DIVISION
DEPARTHENT OF TRANSFORTATION KX n CAMP DRESSER & MCKEE INC.
WASHINGTON, D.C. 3341 ANALYSIS MODULE X ANNANDALEs VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

40,000 I INVERT ELEV- 32,00 FEET
I  CROWN ELEV- 34,00 FEET
GROUND ELEV- 37,00 FEET

38,000

i R e e B e N I T T o B T S e e I T T S R S R o R S [ GUPy S Ry T WP R R G VP VPP S O Y

pititttetittteitisteiibiisnt ERXRRRRRXX
piitt ] RXXRERX iietH]
1
36,000 ¢
|
4
JUNCTION H]
X
WATR SUR |
X
ELEV(FT) |
X
L}
34.000 n
"
n
m
m
4
m
nu
o
I
32,000 I¥--¥xx---1 I I I I I I I I I
0.0 0.2 0.4 0.4 0.8 1.0 1.2 1.4 1.6 1.8 2.0

CLOCK TIME (HOURS)
JUNCTION NUMBER 18
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FEDERAL HIGHWAY ADNINISTRATION ¥xxx URBAN HIGHWAY DRAINAGE PROGRAM kkix WATER RESDURCES DIVISION
DEPARTHENT OF TRANSPORTATION ittd 144 CAMP DRESSER & MCKEE INC.
WASHINGTONs D.C. nix ANALYSIS MODULE KEx ANNANDALEs VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

39,200 I INVERT ELEV- 36,00 FEET
1 CROUN ELEV- 36,70 FEET
I GROUND ELEV- 39,00 FEET
bieiittodrtittstetidtansiidntestsdatatitsiodtisinstotiteitid

38,400

4 3 e P e P e DE PE e M
i had e 2 e 2 P 2 D 26 3 3¢

Pt poonh Dk pf boef Bmd bk poeg Pt | Beet fmad e g Pt pg bl eng Bt | ed peg bl bg Pmd bd St bt Bl ) B e Bl el e e

37,400
JUNCTION
WATR SUR
ELEV(FT)
1
X
36,800 ]
4
X
X
X
|
X
X
X
364000 IERXEXEREXXRLRLLRLXRXEXRRXRERARRRRNRARE-] I I I 1 I 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

CLOCK TIME (HOURS)
JUNCTION NUMBER 20
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FEDERAL HIGHWAY ADMINISTRATION kkxx URBAN HIGHWAY LRAINAGE FROGRAN kXX WATER RESOURCES BIVISION
DEFARTHENT OF TRANSFORTATION tit 3ot CAMF DRESSER & MCKEE INC.
HASHINGTON: D.C. x ANALYSIS MODULE *xxx ANNANDALE s VIRGINIA
ANALYSIS MOMULE EXAMFLE PROBLEMW
BELLVIEW REIMOND ROAD DRAINAGE SYSTEM

32,000 I INVERT ELEY-  45.00 FEET
CROWN ELEV-  47.00 FEET
GROUND' ELEV- 40,00 FEET

—

b $ 3
bietttettaupiestsi]
b3 3 XXX
4] 1 X
*x PSR t63tetsbedteit]
X m 241

50,000

48.000

JUNCTION

WATR SUR

ELEV(FT)

334
X
X
pii44]
XXkx
b3idts]
*EXxxx

46,000

L B e I B B T I B e B B B A e I I e I e I T e I B I B e B I T I e I I B B B B I B ]
e

44,000 I I I I I I I I =1 I

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

(=]
-
<

CLOCK TIME {HOURS)
JUNCTION NUMBER 29
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FEDERAL HIGHWAY ADMINISTRATION
DEPARTMENT OF TRANSPORTATION
WASHINGTON» DnC.
ANALYSIS MODULE EXAMFLE PROBLEM
BELLVIEW REDNOND ROAD DRAINAGE SYSTEM

CONDUIT

FLOW

IN CF§

16,000 T

12,000

8.000

4,000

i e B e B I e T e B I B e I e e I T S R O B o B T A e e s I e I I B I e I I e B I e ]

I

0,000 IXXxxxrxxxl

0.0

Kkt URBAN HIGHWAY DRAINAGE PROGRAN %Kk

e14
144

ANALYSIS KODULE

et
824

WATER RESOURCES DIVISION
CAMP DRESSER & MCKEE INC.

ANNANDALE,» VIRGINIA

h1o030ieettedsittetdetd

¥XKx X XXRRRREre
R ax pedsied
s
H
X
X
X
b} 4
b2 ¢
44
b3 ¢
b3 ¢
X
1n
b 43
b3 44
X
m
I I I I I I I I I
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2,0
CLOCK TIME (HOURS)
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FEDERAL HIGHWAY ADMINISTRATION XXkt URBAN HIGHWAY DRAINAGE PROGRAM ¥Xi% WATER RESOURCES DNIVISION
DEPARTMENT OF TRANSPORTATION kK 234 CAMF DRESSER & MCKEE INC.
WASHINGTONs D.C. 3144 ANALYSIS MODULE 3it ANNANDALEs VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

164000 1
I
1
I
1
I
1
I
I ¥
1 Riattie]
12,000 - KEXRx *xx
I X L4
I ¥ fxx
I % X
I ¥ ¥
I X X
I ¢ X
I ¥ X
I L ¢ ¥xx
1 X L S S ¢34
8,000 - ¢ L S § eei
I X XX 23
I X X b 4
CONDUIT I X X X
I X
FLOW I X
I ¢
IN CFS I X
1 X
I ¢
4,000 - X
I ¢
I ¥
I ¢
1 ¢
I 1
1 X
I |
I X
I X
0,000 IEEXEEEEXERKEXREXRRREXLAXRRERRIRRRTLAX--] 1 1 1 I I 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

CLOCK TIME (HOURS)
CONDUIT NUMBER 1036
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FEDERAL HIGHWAY ADMINISTRATION 3xxx URBAN HIGHWAY DRAINAGE FROGRAM kx2x WATER RESDURCES DIVISIDN
DEFARTHENT OF TRANSPORTATION 3 EEs CAMP DRESSER % MCKEE INC.
WASHINGTON, B.C. X ANALYSIS MODULE Kxxx ANNANDALE, VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
RELLVIEW REOMOND ROAD DRAINAGE SYSTEM

2,000 I X
I Rodie]
I X Ty pritteteebetetietitietid
I L pheebtveetsestivittisittie
I b ¢
I X
I ¥
I X
I X
I X
1,300 - X
I X
I L
I X
I X
I X
I X
I ¥
I X
I X
1,000 - %
I X
I X
CONRUTT I ¥
I %
FLOW I X
I X
IN CFS I X
1 X
I X
0.500 - X
I ¥
I |
I X
I X
I X
I X
I X
I X
I X
(Nigpeeititettitptitoeitiviiististitsttotttyl I I I I I I
0.0 0.2 0.4 0.6 0.8 1.0 1,2 1.4 1.4 1.8 2.0

CLOCK TIME (HOURS)
CONDUIT NUMBER 19
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FERERAL HIGHWAY ADMINISTRATION ¥Xex URBAN HIGHWAY DRAINAGE PROGRAM ¥xkx WATER RESOURCES DIVISION
DEFARTHENT OF TRANSFORTATION ¥k Kikk CAMP DRESSER & MCKEE INC.
WASHINGTONy D.C. e ANALYSIS MODULE ek ANNANDALE, VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

16,000 I
1
I
I
I
I
1
I
I
I
12,000 -
I
1
I
I ¥
1 b3itieidtts
I Lkrx Ky
I KX Tky
I ¢ 4]
1 X ¥
8.000 - L 1 X
1 X X
1 X ¥
CONDUIT 1 ¥ b ¢
I ¥ ¥ pRits
FLOW I ¥ X LI QR $ b
I X t beitd
IN CFS 1 ¥ LI ¢ %
1 X 34
I X
4,000 - 1
I ¥
I %
I ¥
I X
I X
1 ¥
I ¥
I X
I b ¢
0,000 Ixrkkkonoa RO RO R - —- 1 I I 1 1 I
0.0 0.2 0.4 0.6 0.8 1.0 1,2 1.4 1.6 1.8 2,0

CLOCK TIME (HOURS)
CONDUIT NUMBER 1019

240



FELERAL HIGHWAY ADMINISTRATION KXk URBAN HIGHWAY DRAINAGE PROGRAM kxx WATER RESOURCES DIVISION
DEPARTHENT OF TRANSPORTATION XXXk Xk CAMP DRESSER & MCKEE INC.
WASHINGTON: D.C. 184 ANALYSIS MODULE REXK ANNANDALE» VIRGINIA
ANALYSIS MODULE EXANPLE FROBLEM
BELLVIEY RELMOND ROAD' DRAINAGE SYSTEM

0,000 TXRRXEERORX RO R RO R ek

I ¥
I ¥
I X
I ¥
I ¥
I X
I X
I 1
I ¥
=2,000 - b4
I X
I ¥
I X
I X
I X
I 1
I X
I X
I X
-4,000 - X
1 ¥
I %
CONDUIT 1 X
I X
FLOW I X
I ¢
IN CFS 1 ¥ bEiat ¥x
I *x LSRN ttetttitietis]
I X ¥
=6.000 - XXk 1
I kKEk 1o
I bsititstitiistsl
1
I
I
I
I
I
I
-8,000 1 I I I I 1 I I I I I
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.4 1.8 2.0

CLOCK TIME (HOURS)
CONDUIT NUMBER 11
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FELERAL HIGHWAY ADMINISTRATION KXkt UREBAN HIGHWAY DRAINAGE PROGRAM hkxX WATER RESOURCES DIVISION
BEFARTHENT OF TRANSFORTATION 23t ] e CAMF DRESSER & MCKEE INC,

WASHINGTON» InC, Kixx ANALYSIS MODULE Xy ANNANTIALE, VIRGINIA
ANALYSIS MODULE EXAMPLE PROBLEM
BELLVIEW REDMOND ROAD DRAINAGE SYSTEM

8,000 1

6,000

pibattotisiiteteceeitedteseitertaibibieeereiototisi
XX

4,000

ConputT

FLOW
IN CFS

34
2,000
X

L34

443
b3 4
L
XX
I X
0.000 Ikkkktrk-I 1 1 I I I I I I I
6.0 0.2 0.4 0.4 0.8 1.0 1,2 1.4 1.4 1.8 2.0

bond Bd el e ] B et B ] peed bed g e gy bl bt bt | el b bl et bl bt bend bt Bl f et bed B Beed bend el b poed b
L3

CLOCK TIME (HOURS)
CONDUIT NUMBER 12
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FEDERALLY COORDINATED PRGGRAM (FCP) OF HIGHWAY
RESEARCH AND DEVELOPMENT

The Offices of Research and Development (R&D) of
the Federal Highway Administration (FHWA) are
responsible for a broad program of staff and contract
research and development and a Federal-aid
program, conducted by or through the State highway
transportation agencies, that includes the Highway
Planning and Research (HP&R) program and the
National Cooperative Highway Research Program
(NCHRP) managed by the Transportation Research
Board. The FCP is a carefully selected group of proj-
ects that uses research and development resources to
obtain timely solutions to urgent national highway
engineering problems.*

The diagonal double stripe on the cover of this report
represents a highway and is color-coded to identify
the FCP category that the report falls under. A red
stripe is used for category 1, dark blue for category 2,
light blue for category 3, brown for category 4, gray
for category 5, green for categories 6 and 7, and an
orange stripe identifies category 0.

FCP Category Descriptions

1. Improved Highway Design and Operation
for Safety
Safety R&D addresses problems associated with
the responsibilities of the FHWA under the
Highway Safety Act and includes investigation of
appropriate design standards, roadside hardware,
signing, and physical and scientific data for the
formulation of improved safety regulations.

. Reduction of Traffic Congestion,
Improved Operational Efficiency

Traffic R&D is concerned with increasing the
operational efficiency of existing highways by
advancing technology, by improving designs for
existing as well as new facilities, and by balancing
the demand-capacity relationship through traffic
management techniques such as bus and carpool
preferential treatment, motorist information, and
rerouting of traffic.

and

Environmental Considerations in Highway
Design, Location, Construction, and Opera-
tion

Environmental R&D is directed toward identify-
ing and evaluating highway elements that affect

* The plete seven-vol official of the FCP is available from
the National Technical Information Service, Springfield, Va. 22161. Singie
copies of the introd y volume are available without charge from Program
Analysis (HRD-3), Offices of Rescarch and Development, Federal Highway
Administration, Washington, D.C. 20590.

the quality of the human environment. The goals
are reduction of adverse highway and traffic
impacts, and protection and enhancement of the
environment.

. Improved Materials Utilization and

Durability

Materials R&D is concerned with expanding the
knowledge and technology of materials properties,
using available natural materials, improving struc-
tural foundation materials, recycling highway
materials, converting industrial wastes into useful
highway products, developing extender or
substitute materials for those in short supply, and
developing more rapid and reliable testing
procedures. The goals are lower highway con-
struction costs and extended maintenance-free
operation.

. Improved Design to Reduce Costs, Extend

Life Expectancy, and Insure Structural
Safety

Structural R&D is concerned with furthering the
latest technological advances in structural and
hydraulic designs, fabrication processes, and
construction techniques to provide safe, efficient
highways at reasonable costs.

. Improved Technology for Highway

.

Construction

This category is concerned with the research,
development, and implementation of highway
construction technology to increase productivity,
reduce energy consumption, conserve dwindling
resources, and reduce costs while improving the
quality and methods of construction.

Improved Technology for Highway
Maintenance

This category addresses problems in preserving
the Nation’s highways and includes activities in
physical maintenance, traffic services, manage-
ment, and equipment. The goal is to maximize
operational efficiency and safety to the traveling
public while conserving resources.

. Other New Studies

This category, not included in the seven-volume
official statement of the FCP, is concerned with
HP&R and NCHRP studies not specifically related
to FCP projects. These studies involve R&D
support of other FHWA program office research.
















FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY
RESEARCH AND DEVELOPMENT

The Offices of Research and Development (R&D) of
the Federal Highway Administration (FHWA) are
responsible for a broad program of staff and contract
research and development and a Federal-aid
program, conducted by or through the State highway
transportation agencies, that includes the Highway
Planning and Research (HP&R) program and the
National Cooperative Highway Research Program
(NCHRP) managed by the Transportation Research
Board. The FCP is a carefully selected group of proj-
ects that uses research and development resources to
obtain timely solutions to urgent national highway
engineering problems.*

The diagonal double stripe on the cover of this report
represents a highway and is color-coded to identify
the FCP category that the report falls under. A red
stripe is used for category 1, dark blue for category 2,
light blue for category 3, brown for category 4, gray
for category 5, green for categories 6 and 7, and an
orange stripe identifies category 0.

FCP Category Descriptions

1. Improved Highway Design and Operation
for Safety
Safety R&D addresses problems associated with
the responsibilities of the FHWA under the
Highway Safety Act and includes investigation of
appropriate design standards, roadside hardware,
signing, and physical and scientific data for the
formulation of improved safety regulations.

2. Reduction of Traffic Congestion, and
Improved Operational Efficiency

Traffic R&D is concerned with increasing the
operational efficiency of existing highways by
advancing technology, by improving designs for
existing as well as new facilities, and by balancing
the demand-capacity relationship through traffic
management techniques such as bus and carpool
preferential treatment, motorist information, and
rerouting of traffic.

3. Environmental Considerations in Highway
Design, Location, Construction, and Opera-
tion
Environmental R&D is directed toward identify-
ing and evaluating highway- elements that affect

* The complete seven-volume official statement of the FCP is available from
the National Technical Information Service, Springfield, Va. 22161. Single
copies of the introductory volume are available without charge from Program

Analysis (HRD-3), Offices of Research and Development, Federal Highway
Administration, Washington, D.C. 20590.

the quality of the human environment. The goals
are reduction of adverse highway and traffic
impacts, and protection and enhancement of the
environment.

. Improved Materials Utilization and

Durability

Materials R&D is concerned with expanding the
knowledge and technology of materials properties,
using available natural materials, improving struc-
tural foundation materials, recycling highway
materials, converting industrial wastes into useful
highway products, developing extender or
substitute materials for those in short supply, and
developing more rapid and reliable testing
procedures. The goals are lower highway con-
struction costs and extended maintenance-free
operation.

. Improved Design to Reduce Costs, Extend

Life Expectancy, and Insure Structural
Safety

Structural R&D is concerned with furthering the
latest technological advances in structural and
hydraulic designs, fabrication processes, and
construction techniques to provide safe, efficient
highways at reasonable costs.

. Improved Technology for Highway

Construction

This category is concerned with the research,
development, and implementation of highway
construction technology to increase productivity,
reduce energy consumption, conserve dwindling
resources, and reduce costs while improving the
quality and methods of construction.

. Improved Technology for Highway

Maintenance

This category addresses problems in preserving
the Nation’s highways and includes activities in
physical maintenance, traffic services, manage-
ment, and equipment. The goal is to maximize
operational efficiency and safety to the traveling
public while conserving resources.

. Other New Studies

This category, not included in the seven-volume
official statement of the FCP, is concerned with
HP&R and NCHRP studies not specifically related
to FCP projects. These studies involve R&D
support of other FHWA program office research.
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