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- FOREWORD

This report documents the development and presents the user's manual for the
Surface Runoff Program of the Hydraulics/Quality Module of this computer
model. This program is an event model for both stormwater quantity and
quality simulation. From the local design storms, either derived from the
Precipitation Module or from other sources, this program computes the inlet
hydrographs and estimates the inlet pollutographs. The computation scheme
employed is a real area routing procedure.

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. ) \
// "ﬁ~ m1& ”(’.‘/§1A?/

Richard E. Hay, Direcfor
Office of Engineerin??
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 liability for its contents or use thereof.

The contents of this report reflect the views of the 0ffice 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.
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CHAPTER I
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 1is 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:

¢ 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 I-1 As can be seen from this fiqure, 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 I-1 through I-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 limitations 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.

This Program is an event model for both stormwater quantity and
and quality simulation. For stormwater quantity, it is used for design
of new drainage system in the Inlet Design Program in determining locations
of the selected inlets and in calculating the inlet hydrographs, or for
anlaysis of existing drainage systems in deriving the inlet hydrographs.
For stormwater quality, it is used to compute the accumulation and washoff
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TABLE I-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 I-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 I-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 I-4
MAJOR FEATURES OF THE COST ESTIMATION MODULE

® 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

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




of surface pollutants in deriving the inlet pollutographs. The computation

scheme employed in this Program is a real-area routing procedure, not a

conceptual one. The user must first divide his study area into homogeneous

subareas, then route the stormwater into the inlets.



CHAPTER II

INTRODUCTIQN TQ THE SURFACE RUNOFF PROGRAM

The highway storm drainage system consists of a surface runoff con-
veyance system and a major drainage system. The Surface Runoff Program (SRO)
is a powerful and flexible computer program for simulating the surface runoff
conveyance system for either analysis or design purposes. Both time-varying
quantity and quality of runoff can be simulated. Additionally, output from the
Surface Runoff Program can be used as input either to the Drainage Design Pro-
gram of the Hydraulics/Quality Module or to the Analysis Module.

GENERAL APPROACH

Figure II-1 shows a section of typical urban highway including the
major components of the drainage system. As can be seen in the figqure,
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 under-
ground 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 II-1, the first Basic step is the computation of
surface 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 Surface Runoff Program provides a
more sophisticated tool that can compute full runoff hydrographs, route
these hydrographs through the surface drainage system, and calculate inlet
hydrographs. In addition, this program can simulate the accumulation and
washoff of surface pollutants in the highway right-of-way.
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The Surface Runoff Program is an event model, that is, it simulates
runoff from an individual storm event, described by a complete hyetograph.
To apply the program, the user must first divide his study area into homo-
geneous subareas that can be represented by a given area, width, slope,
roughness coefficient and infiltration type. Similarly, the gutters and
channels of the surface drainage system must be represented by sections of
constant slope, cross-sectional area and roughness. The performance of
inlets in the surface drainage system can be characterized by inlet effi-
ciency curves input by the user or inlet efficiency equations built into
the program. If runoff quality is to be simulated, then the user must
select parameters describing the rate of accumulation of suspended solids
and associated pollutants in the highway right-of-way.

In general, the Surface Runoff Program can be applied in two ways.
First, the program can be used to analyze the performance of an existing
or proposed surface drainage system during selected storm events. Second,
the program can be used to compute inlet hydrographs and pollutographs
for purposes of analysis or design of the subsurface drainage system.
These hydrographs and pollutographs can be saved as a disc or tape file
for subsequent use by the Drainage Design Program or the Analysis Module.
The Drainage Design Programs can be used to size the subsurface drainage
system and to analyze suspended solids removal facilities at system
outfalls. The Analysis Module can be used to analyze the hydraulic per-
formance of the subsurface drainage system during extreme storm events.

CAPABILITIES AND LIMITATIONS

Program SRO will simulate time-varying runoff quantity and quality
from a selected storm event and route these flows and pollutants through
gutters,channels, pipes, and detention basins of the highway right-of-way.
The program is capable of simulating the following types of surface drainage
structures:

Circular pipes

Trapezoidal open channels

Overbank channels (double trapezoidal channels)
Gutters (special case of trapezoidal channels)
Detention basins with weir outflow control
Detention basins with channel outflow control

12



The hydraulics of the following six basic inlet types may be simulated:

Curb Opening Inlet

Depressed Curb Opening Inlet
Grate Inlet

Depressed Grate Inlet
Combination Inlet

Depressed Combination Inlet

The accumulation, washoff, and transport of total suspended solids and the
following associated pollutants may be modeled, if the user so desires:

e Dissolved Oxygen e Nitrate

¢ Biochemical Oxygen Demand @ Organic Nitrogen

® Fecal Coliforms e Total Phosphorus

e Chloride e Dissolved Orthbphosphates
e Ammonia ¢ (il and Grease

o Nitrite e Heavy Metals

The program will compute inlet hydrographs and pollutographs and write this
information to a disc or tape file for subsequent use by the Drainage Design
Program or the Analysis Module. A

There are several limitations imposed on the user by the program as
presently structured. These limitations include:

e The number of gutter or channel sections plus the number of inlets
must be less than or equal to 150; '

e The number of watersheds must be less than or equal to 200;

® The number of subareas per watershed must be less than or
equal to three;

® The number of raingages must be less than or equal to 13;

8 The number of infiltration types must be less than or equal
to four (not including impervious surfaces);

e The number of detention basins must be less than or equal
to three;

o The number of pollutants simulated must be less than or
equal to 13; and

e The number of pollutant accumulation rates (for different

13



land surface types) must less than or equal to five.
® The detention basin computation is for evaluation of fixed-size
basins only. For sizing a new detention basin several sizes will

have to be assumed and their effects evaluated.

COMPUTATIONAL REQUIREMENTS

Program SRO was developed on a shared CDC 6600/6700 computer at the
Naval Ship Research and Development Center in Carderock, Maryland. The
program as presently dimensioned requires approximately 2500008 words of
storage. A drainage system consisting of five gutters, one detention basin,
and seven watersheds required approximately 85 seconds for a simulation of
both quantity and quality conditions over a three hour and twenty minute
period.

14



CHAPTER III

TECHNICAL APPROACH

This chapter describes the formulation and mathematical structure
of the surface runoff system as it is simulated in SRO. The discussion
is divided into seven parts dealing with the major computational topics;
computational elements; surface runoff; gutter/channel flow routing;
detention basins; inlet hydraulics; runoff quality; and quality routing.
A1l equations presented in this chapter are given in terms of the British
system of units, for the sake of simplicity. Corresponding equations in
metric units are contained in the program.

COMPUTATIONAL ELEMENTS

The gutters/channels and watersheds of the drainage area being
simulated must be discretized into a series of computational elements by
the user. The gutters or channels being simulated are divided into a
series of sections having constant hydraulic and geometric characteristics.

The drainage area along either side of the gutters and channels must
also be discretized into a series of watersheds of constant hydraulic and
geometric characteristics. Each watershed must drain to a gutter or channel;
however, each watershed may be divided into as many as three subareas.

Runoff is thus allowed to cascade from subarea to subarea before draining
to a gutter or channel.

SURFACE RUNOFF

As stated above, each watershed may contain up to three subareas.
The Surface Runoff Program considers the flow from the upstream subarea to
cascade to the immediate downstream subarea. The basic flow routing algorithm
in the program is the kinematic wave approximation which assumes that the

15



friction slope is equal to the slope of the plane. For this condition, the
equations of continuity and uniform flow must be solved simultaneously to
define at each time step the depth of flow and the outflow for each of the
subareas in the watershed. The flow routing algorithm is applied sequentially
to each subarea in the cascade.

A typical watershed is shown in Figure III-1; the three-plane runoff
computation sequence can be generalized for an arbitrary subarea as shown
in Figure III-2. At the end of each time step, At, we have two unknowns, Q and
dy»> and two equations as indicated in Figure III-1. Three flow depths are shown
in the figure:

(=
1]

depth at time t;
1 depth at time t + At; and
average depth of depression storage.

Q. o
] 1]

The objective of the calculations which pertains to this subarea is to find
the new depth, d1, determining, in the process, the outflow, Q, and maintain-
ing mass continuity at all times. To accomplish this, two equations must be
solved simultaneously. The first is the continuity, or storage, equation:

(Q; - Q)
Mop-1s —,}S——— {111-1)
where
A = d] - do;

R = rainfall intensity during at;
I = infiltration rate during At;
Q = outflow from subarea;
Qi = inflow from upstream subarea; and
A_ = surface area of plane.

The second is the Manning equation for overland flow with the hydraulic radius
set equal to average depth (wide channel assumption):

1.49. d . d] 5/3
Q=+ 31/2w{(-——————°2 )-ds} (111-2)
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FIGURE III-1. Representation of Typical Watershed
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where

S = slope of ground surface;
n = Manning coefficient; and
w = width of the plane.

Here, we have two equations in two unknowns, Q and d]. Note that the
flow computation is based on the average depth during At, and that surface
detention is not included in the effective depth of flow. Rainfall intensity
is an input quantity, variable in time, but considered constant during each
time interval At. Infiltration is computed by a modified Horton formula
written as:

I= k] + (K2 - k])e 3 (IT1-3)
where
I = infiltration loss rate, inches per hour;
k],k2 = minimum and maximum infiltration rates, respectively;

k3 = exponential rate loss in infiltration capacity; and
time in hours.

ot
1]

During periods of light or zero rainfall, the net precipitation value, R-I,
could become negative. Traps in the computer program prevent this occurrence.

The equations III-1 and III-2 are nonlinear algebraic equations and .
their simultaneous solution is performed by the Newton-Raphson iterative tech-
nique. First, these two equations are combined and rearranged in the form:

_ ~5/3 _ _
F=ad - at (kd + Rnet) = 0 (111-4)
where
F = Newton's f&nction
_1:49 . 1/2
k = = _?T_"S w /AS
d +d Ad
S0 14 -4 . o
d = 2 ds do ds 7
Qi
Rnet = (R + ﬂ;_‘— D

19



Then, differentiating F with respect to Ad yields

dF  _ 4 _ 5 ,.32/3 v
ad) 1 At 3 kd (III-5)

The Newton-Raphson technique then uses the following interative ca]cuiation
to find Ad:

F

(ad)pgy = (2d), - g— (I11-6)
n
d(ad)
The subscripts refer to the nth and (n+])th iterations. Repeated application

of this expression coverges upon F = 0. However, because of the possibility
of truncation when subtracting numbers that are very close to each other, F
may never converge upon O on some computers, although an adequate solution

has been reached. For this reason, the convergence check is based on the
percentage change in Ad from the previous iteration reaching some small value.
The convergence criterion used is:

| (ad) (ad), | < 0.01(ad)_| (111-7)

n+l ~
The corresponding value of Ad gives the final depth, d], and the outflow, Q,
can then be calculated from equation IV-2. The solution is then repeated for
the next subarea in the cascade. The outflow from the downstream-most subarea
is considered the outflow from the watershed and is inpuf to the channel drain-
ing this watershed. The entire sequence is repeated for all time steps in the
surface runoff simulation period.

GUTTER/CHANNEL FLOW ROUTING

The surface runoff calculated as described above is next routed through
the gutters, channels, and pipes of the highway right-of-way. Consider the
typical trapezoidal channel shown in Figure III-3. (Note that flow calcula-
tions for gutters and pipes are done in identical fashion to the calculations
for the channel described below.) The outflow from each channel,:Q, is.deter-
mined beginning with the most upstream channel and working downstream, the

20
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outflow from each channel then serving as inflow to the next downstream channel
if no inlet is located at the end of the upstream channel. If an inlet is
located there, the appropriate carryover flow is calculated as described later
in this chapter.

As with watershed subareas, the two unknowns at the end of each time
step are Q and dl' The known gquantities are inflows Qi’ QW’ and depth do,
where

= depth at time t;

= depth at time t + At;

= inflow from upstream gqutter or channel;

Qw = inflow from adjacent watershed subareas; and
Q = outflow from channel.

Note that Qw is the outflow from the downstream-most plane of the cascaded
subareas of the given watershed, as discussed above.

The solution for d1 and Q is similar to that used to compute flow
off watershed subareas. Again, the kinematic wave approximation is made,
and the equations of continuity and uniform flow are solved simultaneously

at each time step. The continuity equation is:

AV -
BV . g, + g -0 (111-8)

where
AV = volume change associated with Ad.
The outflow Q is determined from the Manning equation:
_ 1.49. 1/2 2/3

Q* = =S R, /A (111-9)

where
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Q* = outflow at d0 or d1

S = slope of channel bottom

n = Manning coefficient

Rh = hydraulic radius (A/wetted perimeter)
A = cross-sectional area of flow

Q* is computed for both dO and d1 and the average taken as Q. The
Newton-Raphson iterative technique is employed to solve equations III-8 and
ITI-9. These equations are combined and Newton's function F is formed as
follows:

F=av+ at(Q-0Q-Q)=0 (111-10)
in which AV and Q are expressed in terms of d0 and dl‘ The Newton's

function F is differentiated with respect to Ad and the following jterative
formula used:

(8d) 4 = (ad), - 3T (111-11)

th

The subscripts refer to the n”"' and (n+1)th iterations. As in the subarea

calculations, a convergence criterion other than F = 0 is required. The
following criterion is used and has proven to be stable and efficient:

Qpeq - Q| < 0.001 (Qp,4) (111-12)

After a solution for d1 and Q is reached, the procedure is repeated
for the next channel downstream, Q becoming Qi for that channel.

Normal gutters and channels (types 1 and 2) will surcharge. The
volume of surcharge,

Vour = Q5 *+ Q - Qpy )t (111-13)

where
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v = surcharge volume for time step

SUR
QFULL = outflow from channel at full depth

is set aside. Since VSUR may be positive or negative, the total volume
in surcharge may increase or decrease with time. Each channel has its
own surcharge volume which is handled separately from any other.

Overbank Channels

The flow in overbank channels, or double trapezoidal channels, Figure
ITI-4; is handled normally until.the depth: reaches full channel depth for
the base channel. At that point, if inflow exceeds outflow, i.e.,

Q + Q> Qrype (111-14)

then the excess, Qi + Qw - QFULL’ is entered into the overbank channel as

the sole inflow and the depth and flow from the overbank channel are found

by iteration as for standard channels. The only difference in the calcula-
tions is that the wetted perimeter of the overbank channel does not include
the top width of the base channel when full; cross-sectional areas, however,
are computed in the normal fashion. In addition, length and slope are assumed
to be the same for base and overbank channels.

The outflow from the overbank channel is then added to the outflow
from the full base channel to arrive at the total outflow from the double
trapezoidal channel. The outflow from the double trapezoidal channel then
serves as inflow to the next channel in the system. When the volume in the
overbank channel (VOVR) is small enough such that the following condition
is met:

)

_OVR 111-1
QG *+ O+ 7 < QryuL (111-15)

then the overbank channel is emptied completely and the depth in the base

channel falls below full depth. Of course, the overbank channel may flow

again if the total inflow into the base channel later exceeds QFULL'
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Overbank channels do not surcharge in the manner described above. If
the flow depth exceeds the full depth specified for the overbank channel,
the banks are extended at the same side slopes to handle the excess flow, and
a message is printed informing the user that this condition has occurred.

DETENTION BASINS

The computations for detention basins are made on the assumption that
the change in depth of the detention basin over one time step will not sig-
nificantly affect the outflow, which is controlled by either a weir or an
outlet channel. It is also assumed that the surface area of the detention
basin is constant. Thus, there is no need for an iterative solution tech-
nigue. Figure III-5-shows a typical detention basin.

The outflow from a weir-controlled basin is computed from the dis-
charge equation for f]ow over a sharp-crested rectangular weir:

0=kKWd? (111-16)

where

K = weir coefficient (=3.33)
W = length along weir crest
dO = depth over weir crest at time t

The outfiow from an outlet channel-controlled basin is computed from the
Manning equation:

Q= —l—ﬁ-@- sl/z(Rh)mA (I11-17)

where n, s, Ry, and A describe the outlet channel at time t (d=d0). The new
depth in both cases is found from the continuity equation:

A4 =R+ (0, + 0 - Q)/A (111-18)

where d, R, Qi’ Qw and Q are as previously defined, and AS = surface area
of basin (constant with time).
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INLET HYDRAULICS

The Surface Runoff Program is structured to allow the user to simulate
six basic types of inlets:

Curb Opening Inlet;

Depressed Curb Opening Inlet;

Grate Inlet;

Depressed Grate Inlet;

Combination (Curb Opening and Grate) Inlet; and
Depressed Combination Inlet.

The hydraulics of -an 1inlet on grade may:be simulated by either an eguation
approach or by an inlet efficiency curve approach. Equations developed

by Izzard and described below are available in the program to simulate

the hydraulics of : FHWA depressed curb openingsinteéts. At present, no other
inlet equations are in the program, but the Fortran code is structured to
allow easy addition of equations for the other inlet types. (See the
description of Subroutine Carry in the following chapter.)

As an alternative to the equation approach, inlet efficiency curves
supplied as input can be used by the program to compute flow interception
by inlets. Efficiency curves which give percent interception versus total
gutter flow or channel depth can be input for a fixed-size.inlet of any
of the six types listed above.

For sump.inlets, the program assumes that all remaining flow is
intercepted.

FHWA Depressed Curb Opening Inlets on Continuous Grades - Izzard Methodology (1)
A methodology has been developed by Izzard to determine the flow

properties_of the -FHWA depressed ¢urb opening:inlet in gutters, as shown in
Figure III-6.. The methodolagy proceeds as fallows.
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Based upon the depth of flow in the gutter and the cross-sectional
properties of the gutter, the flow spread T (ft) and the flow Q (cfs)
may be determined. The design engineer is required to specify the depres-
sion width W (ft). The depression depth is assumed to be equal to W/12
(feet). The following steps are then followed to compute the flow characer-
istics.

Step 1: Compute Froude Number:

_ 0.262 i 1/6 (1/2 -
F, = =2 (T w)sx} S (IIT-19)

where

= Froude Number at a distance W from the curb face

F

nw = Manning coefficient for the gutter

W = Depression width (ft)

Sy = Cross slope of the pavement section (ft/ft)
S = Longitudinal slope of the pavement (ft/ft)
T = Width of spread of approach flow (ft)

Step 2: Compute L1:

-1/6 < 0.
L, =279 wes 03k 1 (111-20)

where L1 is a characteristic inlet length given by the above equation.
Step 3: Compute maximum inlet length for weir flow:

- -1/6 « 0.5. 111-21
Loy = 3-67W Sy F,T ( )

where Lma is the maximum Tength for weir flow (ft).

X
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Step 4: Compute inlet length for complete interception:

1/6

=1.85 W Fw T (111-22)

L100
where L100 is the length for complete interception (ft).

Step 5: Computer flow intercepted and carryover flow:

1
41 -
QI_<11§> when L; < Lax. (111-23)

L
f 1 ;
Qp 5( 7 )Q when L, £l — (I11-24)
100
Qg =Q-0Q (111-25)
where
Q = total gutter flow at inlet (cfs)
Qp = flow intercepted by inlet (cfs)

QC = carryover flow (cfs)
length of inlet (ft)

—
—
1}

The equations presented are most accurate for W = 2 ft. and are
reliable for W <2 ft. For W >2 ft., results obtained from the equations
have not been confirmed.

Intet Efficiency Curves

The simulation of inlet hydraulics by means of inlet efficiency curves
proceeds as follows.. The user supplies as input a group of inlet efficiency
curves for the size and typé of inlét in quéstion, as shown in Figure ITI-7.
(Actually, the user supplies the coordinates of points that define the curves.)
The curves give the percentage .of gutter or channel flow intercepted by the
inlet as a function of the total :gutter or channel flow at a given point
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in time or the percentage of channel flow intercepted as a function

of depth of flow at a given point in time. For inlets in gUtters, the flow
interception capacity is a function of both the torgitudfnal stope and the cross-
slope of the highway surface; thus, a family of curves, one curve for each

of several typical Tongitudinal slbpes and: the cross-slopes, must be supplied. For
inlets in channels, the flow interception capacity is a function of the

channel slope; a family of curves for typical channel slopes must be input

by the user. In the example curves of Figure IV-7, QI is the flow inter-

cepted by the inlet, Q is the gutter/channel flow, and SX is the cross-

slope of the highway.

For a given inlet, the program will select the appropriate inlet
efficiency curve to use based on the slope of the gutter/channel section
where the inlet is located and the cross-slope of the highway, if approp-
riate. At each time step, the program then calculates the gutter/channel
flow, determines the inlet efficiency from the curve, and computes the flow
intercepted by the inlet and the flow carried over to the next gutter/channel
section.

RUNOFF QUALITY

The basis of the runoff quality computations in the Surface Runoff
Program are numerous studies in which pollutant washoff rates have been re-
lated to antecedent surface buildup and runoff intensities by empirical
functions. Antecedent surface buildup of pollutants can be expressed as a
function of total suspended solids (TSS) buildup. TSS accumulation in turn
can be written in the form:

N

B D : v
TR Wl .17y s Y (111-26)
where
PNL = TSS accumulation at the start of the storm on watershed
subarea N having surface type L (1bs)
SSUL = Ultimate TSS load for surface type L (1bs/acre)
ND = Equivalent number of dry days since the last storm
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Number of dry days required for TSS load to reach one-

HAFSATL
half the ultimate TSS load for surface type L

A¥y Subarea area (acres)

The resultant TSS accumulation with time is illustrated in Figure III-8.

The values of SSUL, the ultimate TSS load for surface type L, and
HAFSATL, the number of dry days required for the TSS load to reach one-
half of SSUL, are user-supplied values that define the TSS accumulation
curve for each land surface type. At present, typical values for these
parameters for five land surface types are supplied in the program in Block
Data. If the user has site-specific runoff quality dgta available, he may
wish to adjust these parameters accordingly. The user should refer to the
Block Data section of Chapter IV for more information.

The actual number of dry days since the last storm must be modified
to account for the number of times maintenance has occurred since the last
rainfall. The corrected value for ND’ the equivalent number of dry days,
is:

Ny = Ng x [1+ (1-B)L+ Lo+ (1B (111-27)

where

=
il

number of days between maintenance
number of times maintenance was performed since the last storm

n

efficiency of the maintenance practice
Once the TSS Tload, PNL’ on all the watershed subareas by surface
type has been determined, the rate of washoff to the surface drainage

system can be expressed by a first order rate equation as:

d px
NL
—— = K P (I111-28)
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where

PﬁL = TSS Toad available for washoff = PNL x AVAIL
K = decay rate related to runoff intensity
AVAIL = availability factor related to runoff intensity

The decay rate K is assumed to be directly proportional to runoff
rate. AVAIL is assumed to increase from some small value at low runoff
intensities to 1.0 at the runoff intensity level at which essentially all
the remaining load is available for washoff at the set decay rate.

Comparisons with measured data in the Detroit, Michigan area, sug-
gested use of the following expression for AVAIL :(3):

2

AVAIL = 0.03 + 33R (111-29)

where
R = subarea runoff (in/hr)
At intensities greater than about 0.17 in/hr., AVAIL is equal to 1.0.

For the Detroit area, a value of K equal to 2.0 was found to give
good results and is used here. This value implies a removal of 63 percent
of the TSS load in 1 hour at 0.5 inches per hour or 86 percent in 5 hours
at 0.3 inches per hour. The values of K and AVAIL should be considered to
be somewhat site-specific and caution should be exercised in applying them
without measured data for verification.

Figure III-9 illustrates the relation between time t and runoff R,

TSS load remaining on watershed P, and rate of mass removal M. For
simplicity, the availability factor is assumed here to be 1.0.
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The conservative routing routine routes the TSS load through the
gutters, channels and pipes and, just before printing output, converts
the resulting concentrations to concentrations of various constituents on
the basis of measured relationships between TSS load and mass of these
constituents. For the purpose of providing input to the drainage design
program, DRAIN, the mass rate of each constituent entering each inlet at
each time step is also calculated. These pollutographs are computed as:

P.=M

C x F

NL LC (I11-30)

where

R
"

¢ = mass rate of constituent C over At

=2
F=
1}

mass rate of TSS load from surface type L in channel N
over At

FLC mass of constituent C per unit mass of TSS load from
surface type L

The PC values for each inlet and each constituent are written on tape or
disc at every time step for later use by the drainage design program.
Typical values of FLC for five land surface types and twelve pollutants
are included in Block Data. If the user has site-specific data he wishes
to use, he should refer to the Block Data section of the next chapter.

The next section of this chapter describes the conservative routing
of pollutants in the drainage area. To determine the concentration of a
pollutant in the runoff as a function of time, it is necessary to consider
a mass balance for each subarea. This mass balance may be written in a form
similar to that considered for pollutant routing in gutters and channels.
As a result, the mass balance techniques for the kinematic cascaded water-
sheds are described below following the description of pollutant routing
in gutters and channels.
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QUALITY ROUTING

As noted previously, the Surface Runoff Program has the capability
of routing the TSS load through gutters and channels as a conservative
constituent. A mass balance for each gutter/channel can be written:

dM

t (I11-31)

]I g R
w

.i

where

=
n

the total mass of pollutant in the gutter/channel
a flux of pollutant mass in or out of the gutter/channel

[%2]
1}

the number of mass fluxes associated with the channel.
(This consists of upstream channel inflow, inlet carryover,
and tributary watershed washoff.)

If we further define
M=%C (111-32)

where

the volume of water in the gutter/channel
the concentration of pollutant

(RIS
ft

and

dM -
gt tatYa (111-33)

&
¥

or

[F R g R

dc _
Yol s O (111234)

for simplicity, let dc/dt = C and d¥/dt = ¥. Equation II1I-34 becomes

s. - C ¥ )111-35)

¥ = i

.i

HiM S

1
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To achieve an integration of Equation III-35 with respect to time,
we shall make the following assumption concerning the behavior of concen-
tration in time:

- At . - p
Coaat = Ot + 57 (Cp ¥ Cpppg) (111-36)
where
Ct’ Ct+At = pollutant concentration at a time, t, and at a later
time t + At
C é = the rate of change of concentration at times t and t +At,
t, “t+at -
respectively.

Solving Equation III-36 for ét + at We obtain

- . 2
Corat = 7% Creat = (3£t (111-37)
In the general case Ct and C; are known from initial conditions or the pre-

vious time step and can be treated as constants. Accordingly, we shall define:

-2 . -
B =gt Gt * G - (111-38)
o=-L (111-39)
At
which substituted in Equation III-37 give:
Cirpt = @ Coppp = B (111-40)
Equations III-35:and III-40 can be combined as follows:
. n
C¥ + ¥ («C -B) = 3 S (I11-41)
i=1
or
. n
C¥ + Co¥ - B¥ = 1 s, (I111-42)
i=1
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n
Usually, the term I s

;21 1 contains several mass inflows and one mass outflow,
QC, from the gutter/channel. This being the case, Equation III-42 is finally
written as:

. n
CV+Ca¥-8¥= 3 $; - QcC (I11-43)
=1

1

This equation can be solved for the concentration at the end of the time step
At in the form:

n
T S. + B¥
j=1 |
c=12t (111-44)
¥+ a4+ Q

Equation III-44 is the form used in the quality routing and is solved
sequentially for each gutter/channel. The outflow from each gutter/channel
becomes the inflow to the next and total mass flux is summed using gutter/
channel and watershed contributions. If an inlet is Tocated at the end
of the gutter/channel, the carryover is computed and becomes the inflow to
the next downstream gutter/channel.

The mass routed is total suspended solids in each gutter/channel by
surface type. Thus, as noted previously, the resulting concentrations must
be muitiplied by the FLC factors of Equation III-30 prior to output.

Special Conditions

In the event of gutter/channel surcharge, the new concentration is
computed for the full channel and the mass rate entering surcharge is simply
the product of this concentration and the flow into surcharge storage. The
surcharge is assumed to be fully mixed. The mass reentering the gutter/
channel (when inflow drops below full outflow) is in the same ratio to the
total mass in surcharge as the volume leaving surcharge is to the total
surcharge volume.
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For double trapezoidal channels, the combined volume of both base and
overbank channels is used to compute concentration and assumed to be fully
mixed.

For detention basins, suspended solids removal is determined by the
following relations for each time step in the simulation:

- t -4

where

Dt = Detention time at time t

<
]

t Volume at time t

Qt = Qutflow at time t
D = Detention time for 50% suspended solids removal (input factor)
RRt = Suspended solids removal factor at time t

If the outflow is zero at time t, all suspended solids entering the
basin at that time are removed. If the outflow is non-zero, RRt of the
suspended solids entering the basin at that time are removed.

Watershed Quality Routing

Since watersheds may be divided into as many as three consecutive
subareas, pollutants must be routed overland in a kinematic cascade. This
is done as follows.

A mass balance of the form in Equation III-31 may be written for each
watershed subarea, namely:

n
aE = L S5 (111-47)
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where

[72)
= =
nounoon

Using the same procedures employed in the gutter/channel routing, we may

obtain the

where

>
‘—’i
i

The subarea
III-2. The
subarea and
The subarea

where

total pollutant mass in the volume of water on the subarea
pollutant mass flux into or out of the subarea volume
number of mass fluxes.

following relationship:

n

= i 2 .
Ct = — with o= -Zz-and B= aCt + Ct

Vi to¥ T Qg

subarea outflow concentration at time t

= subarea outflow at time t

subarea volume at time t
subarea volume time derivative at time t

time step length
subarea outflow concentration time derivative at time t
subarea mass influx at time t

number of mass influxes.

(111-48)

outflow at time t, Qt’ is as previously determined in Equation
mass influxes consist of the mass flux entering from the upstream

the mass washoff rate from the surface of the given subarea.

volume Vt at time t is computed from the following relationship:

Ve = (dy - d_) A

1 S S

subarea depth at the end of time step

43

(111-49)



o
it

detention storage depth

=
1

subarea area.

The subarea volume time derivative Qt at time t is determined from the
following equation:

Vp = Qi - Oy + max(0, (Ry - RA) (111-50)

where

Q%t = inflow from upstream subarea at time t

fe]
H

t outflow at time t

P
]

I rainfall intensity at time t

~
fl

L infiltration rate at time t

p =]
1]

subarea area.
Suspended solids concentration for each of the five different surface

types are routed in the above manner over the watershed and into the
appropriate drainage element.
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CHAPTER 1V
USER'S MANUAL

The Surface Runoff Program requires, as input, a series of cards
describing the characteristics of the drainage area and the storm event
to be simulated. Several simulation control parameters must also be speci-
fied in the input deck. The printed output from the program includes a
rainfall-runoff continuity summary, peak hydraulic conditions in each gutter,
channel, or pipe and complete hydrographs and pollutographs for those drainage
system elements selected by the user. In addition to printed output, the
program writes all inlet hydrographs and pollutographs to a disc or tape file
that can be used as input to other programs of the Urban Highway Storm Drain-
age Model.

This chapter gives a detailed description of the input requirements,
a detailed program description and an example problem.

INPUT REQUIREMENTS

The input data required by the Surface Runoff program and the formats
in which the data must be supplied are presented in Table IV-1. Input data
are divided into the following ten card groups:

Simulation Control Data
Rainfall Data
Infiltration Data

Inlet Data
Gutter/Channel Data

Card Group 1
2
3
4
5
Card Group 6: Overbank Channel Data
7
8
9
1

Card Group
Card Group
Card Group
Card Group
Card Group Storage Basin Data
Card Group Watershed Data
Card Group Runoff Quality Data

0: OQutput Control Data

Card Group
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TABLE IV-1

PROGRAM SRO INPUT DATA REQUIREMENTS

Card Card Variable Default
Group Format Column Description Name Value
SIMULATION CONTROL CARDS
1A 414 1-4 Upstream Hydrograph File Number JIN(1) -
5-8 Inlet Hydrographs File Number  JOUT(1) -
9-12 Print File Number (scratch
file) JouT(2) -
13-16 Plot File Number (scratch
file) JOUT(3) -
1B 20A4 1-80 Title Information (2 cards) TITLE -
1C I5 1-5 Basin Number BASIN -
15 6-10 Number of Time Steps
Simulated NSTEP -
I3 11-13 Start Hour NHR -
12 14-15 Start Minute NMN -
F5.1 16-20 Time Step Length (minutes) DELT -
15 21-25  Number of Raingages NRGAG -
15 26-30 Units Option IMET 0
0 - British Units
1 - Metric Units
RAINFALL CARDS
2A 15 1-5 Number of Rainfall Intervals NHISTO -
F5.0 6-10 Duration of Rainfall Interval
(minutes) THISTO -
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TABLE TV-1

(Continued)

Card Card Variable Default
Group Format Column Description Name Value
2B Repeat Card Group 2B for each raingage (J=1,

NRGAG). Place up to 5 rainfall intensities
per card.
4F10.0 1-10 Rainfall Intensity (in/hr or

mm/hr) RAIN(1,d) -
11-20 Rainfall Intensity (in/hr or

mm/hr) RAIN(2,J) -
21-30 Rainfall Intensity (in/hr or

mm/hr) RAIN(3,J) -
31-40 Rainfall Intensity (in/hr or

mm/hr) RAIN(4,J) -
41-50 Rainfall Intensity (in/hr or

mm/hr) RAIN(5,J) -

INFILTRATION CARDS
3A 110 1-10 Number of Infiltration Types INFIL -
3B Repeat Card Group 3B for each infiltration
type (K=1, INFIL, INFIL < 4).
4F10.0 1-10 Maximum Infiltration Rate
(in/hr or mm/hr) WLMAX(K) -
11-20 Minimum Infiltration Rate
(in/hr or mm/hr) WLMIN(K) -
21-30  Decay Rate (hour™}) DECAY (K) _
31-40 Maximum infiltration (inches
or millimeters) DEPIN(K) -
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TABLE 1V-1

(Continued)
Card Card Variable Default
Group Format Column Description Name Value
INLET CARDS
aA Inlet Types (ITYPG, ITYPC)
1= Curb Opening Inlet
= Depressed Curb Opening Inlet
3= Grate Inlet
4= Depressed Grate Inlet
5= Combination Inlet
6= Depressed Combination Inlet
4110 1-10 Type of Inlet in Gutters (1-6) ITYPG -
11-20 Type of Inlet in Channels
(1-6) ITYPC -
Inlet Simulation Option (INOMG, INOMC)
0= Supply Efficiency Curves as Input
1= Supply Efficiency Curves in
Block Data
2= Use Design Equations in Program
21-30 Inlet in Gutter Simulation
Option INOMG .0
31-40 Inlet in Channel Simulation
Option INOMC 0
4B Efficiency Curves for Inlets in Gutters
(Omit Card Group 4B if INOMG # 0)
24 curves, one curve per card. First six
cards for cross-slope of 1/64 with gutter
slopes of 0.5, 1, 2, 4, 6, and 9%, respectively;
second six cards for cross-slope of 1/48 with
same gutter slopes of 0.5-9%; third six cards
for cross-slope of 1/24 with same six gutter
slopes; last six cards for 1/16 cross-slope
and same gutter slopes.
12F6.2 1-6 Ratio of Flow Intercepted to
Gutter Flow QINLG(I,J,1) 1.0
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TABLE 1vV-1
(Continued)

Card Card Variable Default
Group Format Column Description Name Value

7-12 Gutter Flow (cfs)

or cms) QINLG(I,Jd,2) 0.0
13-18 Ratio of Flow Intercepted

to Gutter Flow QINLG(I,Jd,3) -
19-24 Gutter Flow

(cfs or cms) QINLG(I,J,4) -
25-30 Ratio of Flow Intercepted

to Gutter Flow QINLG(I,J,5) -
31-36 Gutter Flow (cfs -

or cms) QINLG(I,J,6) -
37-42 Ratio of Flow Intercepted

to Gutter Flow QINLG(I,J,7) -
43-48 Gutter Flow (cfs :

or cms) QINLG(I,J,8) -
49-54  Ratio of Flow Intercepted

to Gutter Flow QINLG(I,J,9) -
55-60 Gutter Flow (cfs

or cms) ) QINLG(I,J,10) -
61-66 Ratio of Flow Intercepted

to Gutter Flew QINLG(I,J,11) -
67-72 Gutter Flow (cfs

or cms) QINLG(I,J,12) -

4C Include Card Group 4C only if ITYPG = 2

(depressed curb opening inlet) and
INOMG = 2 (design equation in program

to be used)
2F10.0 1-10 Apron Depression Width (feet
or meters) W -
11-20 Inlet Length (ft or m) GLI -
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TABLE 1v-1

(Continued)

Card Card Variable Default
Group Format Column Description Name Value
4D Efficiency Curves for Inlets

in Channels (Omit Card

Group 4D if INOMC # 0)

6 curves, one curve per card

for channel slopes of 0.5, 1,

2, 4, 6, and 9%, respectively.

12F6.2 1-6 Ratio of Flow Intercepted to

Channel Flow QINLC(J,1)
7-12 Depth (ft or m) QINLC(J,Z)
13-18 Ratio of Flow Intercepted to

Channel Flow QINLC(J,3)
19-24 Depth (ft or m) QINLC(J,4)
25-30 Ratio of Flow Intercepted

to Channel Flow QINLC(J,5)
31-36 Depth (ft or m) QINLC(J,6)
37-42 Ratio of Flow Intercepted to

Channel Flow QINLC(J,7)
43-48 Depth (ft or m) QINLC(J,8)
49-54 Ratio of Flow Intercepted

to Channel Flow QINLC(J,9)
55-60 Depth (ft or m) QINLC(J,10)
61-66 Ratio of Flow Intercepted

to Channel Flow QINLC(J,11)
67-72 Depth (ft or m) QINLC(J,12)
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TABLE IV-1

(Continued)
Card Card Variable Default
Group Format Column Description Name Value
4E FI0.0 1-10 Inlet Capacity Reduction
Factor RD 1.0
GUTTER/CHANNEL CARDS
Repeat Card Group 5 for each gutter or
channel, two cards per element
5A 110 1-10  Gutter/Channel Number NAMEG(N) -
17 11-17 Upstream Station (hundreds
of feet or meters) ISTA1A(N) -
12 19-20 Upstream Station (tens and
units of feet or meters) ISTA1B(N) -
17 21-27 . Downstream Station (hundreds |
of feet or meters) ISTA2A(N) -
I2 29-30 Downstream Station (tens and
units of feet or meters) ISTA2B(N) -
F10.0 31-40 Width of Gutter/Channel; .
Diameter of Pipe (ft or m) GWIDTH(N) -
F10.0 41-50 Gutter/Channel.Slope (ft/ft
or m/m) GSLOPE(N) -
F10.0 51-60 Reciprocal Side Slope 1 (ft/
ft or m/m; 1 must be the
highway side) ' GS1(N) -
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TABLE IV-1

(Continued)
Card Card Variable Default
Group Format Column Description Name Value

F10.0 61-70 Reciprocal Side Siope 2

(ft/ft or m/m) GS2(N) -

- F10.0 71-80 Manning Roughness
Coefficient GN(N) 0.014
5B 10X,I10 11-20 Gutter/Channel Number

for Drainage NGTO(N) -
110 21-30 Inlet Number for

Drainage NGSTO(N) -

Gutter/Channel Type (NPG(N))

1= Gutter ,

2= Trapezoidal Channel

3= Circular Pipe

4= Double Trapezoidal Channel
110 31-40 Gutter/Channel Type NPG(N) -
F10.0 41-50 Channel Depth When Full

(Not required if NPG(N)=1 or 3;

feet or meters) DFULL(N) -
F10.0 51-60 Design Flow Spread (required

only if NPG(N) = 1; feet

or meters) : SPMAX(N) -

110
110

Terminate this card group with
two blank cards.

OVERBANK CHANNEL CARDS

1-10
11-20

Repeat Card Group 6 for each overbank
channel, one card per channel.

Drainage Bas{n Number NBASIN

Overbank Channel Number (same
number as corresponding base

* channetl) IDENT
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TABLE Iy-1-
(Continued)

Card

Group Format

Card
Column

Description

Variable
Name

Default
Value

7A

F10.0

F10.0
F10.0

F10.0

-F10.0

615

21-30

31-40

41-50

51-60

61-70

1-5
6-10
11-15

16-20

Overbank Channel Base Width
(feet or meters; must be
greater than bottom width
of corresponding base
channel)

Overbank Channel Reciprocal
Side Slope 1 (ft/ft or m/m)

Overbank Channel Reciprocal
Side Slope 2 (ft/ft or m/m)

Overbank Channel Manning
Roughness Coefficient

Overbank Channel Depth When
Full (feet or meters;
measured from top of base
channel)

Terminate this card group with
one blank card. (If there are

no overbank channels, supply
one blank card.)

STORAGE BASIN CARDS

Repeat Card Group 7 for each
surface storage basin, two
cards per basin.

Drainage Basin Number

Storage Basin Number

Downstream Gutter/Channel
Number for Drainage

Inlet Numbef for Drainage

Qutlet Control Type (NP)
5= Weir Zontrol
6= Qutlet Channel Control
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OVRWTH(N)

OVRGS1(N)

OVRGS2(N)

GN(N)

OVRDFL(N)

NBASIN
NAMEG(N)

NGTO(N)
NGSTO(N)



TABLE IV-1-
(Continued)

Card

Group Format

Card
Column

Description

Variable

Name

Default
Value

/B

9F8.0

21-25
26-30

1-8

9-16

17-24

25-32

33-40

41-48

49-56

57-64

65-72

Qutiet Control Type

Raingage Number

Weir Length or Bottom Width
of Outlet Channel (feet

or meters)

Basin Surface Area (acres
or hectares)

Qutlet Channel Slope (ft/
ft or m/m; required only

if NP=6)

Qutlet Channel Reciprocal
Side Slope 1 (ft/ft or m/m;
required only if NP=6)

OQutlet Channel Reciprocal
Side Slope 2 (ft/ft or m/m;
required only if NP = 6)

Weir Coefficient or Outlet
Channel Manning Roughness
Coefficient

Basin Length (feet or

meters)

Basin Volume (acre-feet
or cubic meters)

Initial Depth in Basin

(feet or meters; measured
from crest of weir or bottom
of outlet channel;

negative)

Terminate this card group with
two blank cards.
no surface storage basins,
'supply two blank cards.)

54

(If there are

NP
1G

GWIDTH(N)

AREALK(N)

GSLOPE(N)

GS1(N) -

GS2(N)

GN(N)
GLEN(N)

VOLMLK(N)

GDEPTH(N)



TABLE IV-1

(Continued)
Card Card Variable Default
Group Format Column Description Name Value
WATERSHED CARDS
Repeat Card Group 8 for each
Watershed
8A 110 1-10 Name of Watershed (external
number) NAMEW(N) -
110 11-20 Gutter/Channel Number
for Drainage NGTO(N) -
110 21-30 Raingage Number JK -
F10.0 31-40 Watershed Area (acres or
hectares) AREA -
170 41-50 Number of Watershed Subareas NW3 -
F10.0 51-60 Watershed Width (feet or
meters) WWIDTH(N) -
Immediately after the corresponding 8A
card, repeat card 8B NW3 times (i.e.,
one 8B card for each subarea).
8B 5F10.0 1-10 Fraction of Watershed Area WAREA(N,K) -
11-20 Infiltration Type (leave
blank for impervious areas) WTYPE(N,K) -
21-30 Slope (ft/ft or m/m) WSLOPE(N,K) -
31-40 Depression Storage Depth
(inches or millimeters) WSTORE(N,K) -
41-50 Manning Roughness
Coefficient W4

Terminate this card group with one
blank card.
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TABLE 1y-1
(Continued)

Card
Group Format

Card Variable
Column Description Name

Default
Value

110

F10.0

RUNOFF QUALITY CARDS

Enter a value for NQS to select the runoff
quality simulation option. The program

will simulate the following 1list of constit-
uents, up to and including the constituent
corresponding to the NQS chosen. (For
example, if NQS=5, the first five constituents
in the Tist will be simulated.)

No Quality Simulation
Dissolved Oxygen

BODg

Suspended Solids
Fecal Coliforms
Chloride
Ammonia-Nitrogen
Nitrite-Nitrogen
Nitrate-Nitrogen
Organic Nitrogen
Total Phosphorus
Dissolved Orthophosphate
Grease

Heavy Metals

U et p—t
—OOO~NOOITPRWwNHFHO
{1 | 1 {1 | | | T { O | B VI 1|

— =
w N

1-10 Number of Quality Constituents
Simulated NQS

If NQS = 0, the remaining variables
on Card Group 9 need not be supplied

11-20 Dry Days Since Last Storm DRYDAY
21-30 Maintenance Frequency (days

between street cleanings) CLFREQ
31-40 Maintenance Efficiency REFF

41-50 Detention Time Required for
50% suspended solids removal
in surface storage basins (hours;
not required if no storage
basins are simulated) DET
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TABLE IV-1
(Continued)

Card

Group Format

Card Variable
Column Description Name

Default
Value

10A

10B

10C

10D

215

1615

I5

1615

OUTPUT CONTROL CARDS

1-5 Number of Gutters, Channels
and Inlets for which Flows
and Quality Constituents
are to be Printed. NPRNT

6-10 Number of Time Steps
between Printings INTERVY

Omit Card Group 10B if NPRNT=0.

Gutter, Channel and Inlet

Numbers for which Flows

and Quality Constituents

are to be Printed (16

values per card) IPRNT(N)

Number of Gutters, Channels

and Inlets for which Flow

and/or Quality Constituents

are to be Plotted NPLOT

Omit Card Groups 10D and 10E if NPLOT=0.

Gutter, Channel and Inlet

Numbers for which Flow and/

or Quality Constituents are

to be Plotted (16 values

per card) IPLOT(N)

Enter 1 in the appropriate columns
of Card Group 1BE for those’ con-
stituents to be plotted (0 = no
plot; 1 = plot)
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TABLE V-1

(Continued)

Card Card Variable Default
Group Format Column Description Name Value
10E 1411 1 Flow

2 Dissolved Oxygen
3 BODg

4 Suspended Solids
5 Fecal Coliforms
6 Chloride

7 Ammonia-nitrogen
8 Nitrite-nitrogen
9 Nitrate-nitrogen
10 Organic Nitrogen
11 Total Phosphorus
12 Dissolved Orthophosphate
13 Grease

14 Heavy Metals
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Data required in each of these card groups are discussed below.
Card Group One: Simulation Control Data

Card Group 1A consists of a single card that identifies the unit num-
bers on the user's computer system corresponding to the four disc files used
by the program. The first file, which is optional, contains any hydrographs
which may flow into the system being analyzed. These hydrographs may be
needed if the total drainage area is so large that SRO must be run for each
of several sub-drainage areas. In this case, the SRO simulated flow at the
downstream end of a gutter or channel in one of these sub-areas can be used
as an input hydrograph to the upstream end of a connecting gutter or channel
in another sub-area. The next disc file, an fnlet hydrograph file, stores
the results from the present run of SRO far use in the Drainage Design
Program. If the latter program is to be used, then this file is required.
Print and plot file numbers should be included if the user desires a printed
or plotted output, respectively, of the resulting hydrographs.

Card Group 1B consists of two title cards which can be used to describe
the drainage project being analyzed or designed.

Card Group 1C contains several simulation control parameters. The
first variable is a basin number that can be assigned by the user for identifi-
cation purposes. The next four variables control the duration of the simula-
tion, giving the number of time steps, the hour and minute of the simulation
start time, and the time step length in minutes. The next variable, NRGAG,
gives the number of raingages to be employed. This allows the user to input
more than one hyetograph if spatial variation of rainfall is considered
signifiéant for his project. For most applications of this program, one rain-
gage will be sufficient. The last variable selects the units option. If IMET
is set equal to zero, all input and output will be in British units. If IMET
equals one, metric units will be used.

A few additional words should be said about the selection of the

time step length. Time steps ranging from one minute to five minutes have
been used successfully with this program. In cases where the drainage system
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includes steep channels immediately downstream of inlets, there is a possibility
that all water will empty out of the channel in less than a time step and a
problem in the solution for open channel flow will arise, signalled by an

error message that the program is calculating a negative depth. If this occurs,
the time step length should be shortened. |

Card Group Two: Rainfall Data

This card group is used to input the design hyetograph(s), the duration
and return frequency of which must be selected by the user in accordance with
Tocal design criteria. Card Group 2A consists of a single card that specifies
the number of rainfall intervals, NHISTO, and the duration of the rainfall
interval in minutes, THISTO. The design hyetograph and the number of dry days
can be obtained from the results of the Precipitation Module or from whatever
local sources of design storm information.the user has.-

Card Group 2B consists of as many cards as are required for the
hyetograph(s) to be specified. Five rainfall intensities should be placed
on each card. (If the number of rainfall intervals NHISTO is not an inte-
gral multiple of five, then the last card for each hyetograph will have
fewer than five rainfall intensities.)

When more than one hyetograph is input (i.e., NRGAG >1 in Card Group
One), all the cards for a given hyetograph should be fully specified before
input of the next hyetograph is begun. Each hyetograph should begin on a new
card and must have the same interval duration and number of intervals as
every other hyetograph.

Card Group Three: Infiltration Data

This card group is used to specify the infiltration characteristics
of up to four types of pervious surfaces in the drainage area being simulated.
Card Group 3A gives the number of infiltration types, INFIL, to be specified.
(The impervious surface type is included in the program itself and need not
be specified here as input.)
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Card Group 3B, a single card, is supplied for each infiltration type.
The four variables given by this card are the four constants in the Horton
infiltration formula, equation III-3 in the previous chapter of this report.
The Horton formula defines an infiltration curve, examples of which are
given in Figure IV-1 and Table IV-2.

If no land types other than impervious surfaces are to be specified,
then INFIL should be set equal to zero on Card Group 3A and Card Group 3B
should be omitted.

Card Group Four: Inlet Data

This card group is used to specify the types of inlets in the highway
right-of-way, the hydraulic characteristics of the inlets, and related
information.

Card Group 4A is used to specify the types of inlets found in the
drainage area being simulated. Variables ITYPG and ITYPC are used to
specify the inlet types in gutters and in channels, respectively, using
the key for inlet types shown in Table IV-1. Note that only one inlet type
may be used for all the inlets in gutters and one for all the inlets in
channels in a single run. Three options for inlet capacity computation are
available. The last two variables on this card, INOMG and INOMC, are used
to select these optiohs, (INOMG for inlets in gutters and INOMC for inlets
in channels). If the user supplies inlet efficiency curves as input, then
the appropriate variable should be set equal to zero. If inlet efficiency
curves stored in Block Data of the program are to be used, then the variable
should be set equal to one. If inlet capacity equations in the program are
used, then the variable should be set equal to two. (Note that the only
equations presently in the code are those for depressed curb opening inlets
in gutters.)
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INFILTRATION RATE / INCHES PER HR.
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FIGURE IV-1. Example Infiltration Curves (4)
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When inlet efficiency curves are to be supplied for inlets in gutters,
Card Group 4B is used to supply these curves. Inlet efficiency is given by
these curves as a function of longitudinal slope of the gutter, cross-slope
of the gutter, and flow. Use of the curves is explained in Chapter III and
example curves are shown in Figure III-7. Twenty-four cards are required,
one efficiency curve per card, as specified in Table IV-1. Each card contains
twelve values, the two coordinates of six points on each curve. The points
should proceed in order from zero gutter flow to the highest gutter flow.
The first point on the curve should be (1,0); if the user does not supply
this point, the program will.

Card Group 4C is supplied only if the surface conveyance system in-
cludes gutters, if the inlet in the gutters is a depressed curb opening inlet,
and if the capacity equations for this inlet type are to be used. The only
variab]eé required here are the apron depression width, and the inlet length.

Card Group 4D is used to supply efficiency curves for inlets in channels.
Inlet efficiency is given by these curves as a function of longitudinal slope
of the channel and depth of flow. Six cards are required, one efficiency
curve per card, as specified in Table IV-1. Otherwise, these cards are analo-
gous to Card Group 4B.

Card Group 4E consists of a single card used to specify the inlet
capacity reduction factor, RD. The flow intercepted by each on-grade inlet
will be multiplied by this factor. RD allows the user to account for inlet
capacity reduction by debris clogging, etc. The value of RD should be in
the range O<RD<l.

Card Group Five: Gutter/Channel Cards

The gutters or channels which make up the surface conveyance system
are described with these cards; two cards are required for each gutter or
channel. The conveyance system must be divided by the user into a series of
gutter/channel lengths, each with constant geometric and hydraulic properties
as given on these cards.
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Four general types of channels can be simulated:

Type 1: Gutters (special case of trapezoidal channel)
Type 2: Trapezoidal Channels
Type 3: Circular Pipes

Type 4: Overbank Channels (double trapezoidal channels)

Card Group 5A is a single card with ten variables. The first variable
is the external number used to identify the gutter/channel. (The user should
identify the gutters or channels being simulated with a consecutive numbering
scheme which he finds convenient.) The next four variables define the up-
stream and downstream stations of the gutter or channel.

Hydrogeometric properties of the gutter/channel are given by the next
five variables. The bottom width of the gutter/channel is given by variable
GWIDTH(N); if the cross-section is triangular (i.e., a gutter) then GWIDTH(N)
equals zero. In the case of a circular pipe, GWIDTH(N) is used to specify the
diameter. The Tongitudinal slope of the gutter/channel is supplied as GSLOPE(N).

The next two variables define the reciprocal slopes, (horizontal/vertical)
of the sides of the gutter/channel. (These are not required for circular
pipes.) The first slope, GS1(N), should be the slope on the highway side.
The Tast variable on this card is the Manning roughness coefficient of the
gutter/channel.

Card Group 5B is a single card used to specify the remaining character-
istics of the gutter/channel. The first two variables are used to specify
the drainage structure or structures downstream of the gutter/channel. If
the next downstream structure is another gutter/channel section, then its
external number is given as NGTO(N), the first variable on this card, and no
value is given for NGSTO(N), the second variable on this card. If the next
downstream structure is an inlet, then its external number is given as NGSTO(N)
and the gutter/channel section downstream of the inlet is given as NGTO(N).
If the next downstream structure is a sump inlet, then its external number
is given us NGSTO(N) and no value is given for NGTO(N). The gutter/channel
type number, as listed above, is specified by the third variable, NPG(N).
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The final item required on this card is a characteristic dimension
of the gutter/channel section when flowing full. If the section is a trap-
ezoidal channel, then the channel depth when flowing full is given as
DFULL(N). If the section is an overbank channel (double trapezoidal channel),
then the depth of the base channel when flowing full is given as DFULL(N)
(see Figure III-4). If the section is a gutter (triangular cross-section),
then the flow spread corresponding to the gutter flowing full (which is
controlled by the curb height) should be given as SPMAX(N). If the section
is a circular pipe, then'nowﬁurther.information*needvbe-inen,\since the pipe

diameter given in Card Group 5A is also the dépth when flowing full for this
channel type.

Note that for each gutter/channel section, the 5B card must follow
immediately after the corresponding 5A card.

Card Group Six: Overbank Channel Cards

Card Group Six should be supplied only if the drainage system
includes overbank channels, i.e., only if one or more gutter/channel sections
in Card Group Five were identified as overbank channels (NPG(N)=4). If no
overbank channels are included, then a single blank card should be supplied
here.

Card Group Six consists of a single card used to specify the charac-
teristics of the overbank portion of this channel type. The first variable,
IDENT, is the external number of the overbank channel; this must be the same
as the external number of the base channel, previously identified in Card
Group Five. The remaining five variables specify the hydrogeometric charac-
teristics of the overbank channel.

Card Group Seven: Storage Basin Cards

Card Group Seven consists of two cards used to specify the character-
istics of stormwater detention basins that may be part of the surface drain-
age system. If no such basins are included, then two blank cards should be
supplied here. |
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Card Group 7A is used to specify up to five variables identifying the
basin. The first variable NAMEG(N) is the user-assigned external number of
the basin. The next two variables, NGTO(N) and NGSTO(N), are used to identify
the drainage structure or structures downstream of the basin; the use of these
two variables is described under Card Group 5B. The basin outlet control type
is given by the next variable, NP; NP equal to five indicates weir control,

NP equal to six indicates outlet channel control. The final variable on this
card, IG, identifies the number of the raingage assigned to the area in which
the basin is situated; this must be in the range 1<IG<NRGAG, where NRGAG is
given on Card Group 1C.

Card Group 7B gives the hydrogeometric characteristics of the basin.
The first variable GWIDTH(N) is used to specify the outlet weir length or the

outlet channel bottom width, depending on the type of outlet control. The next
variable, AREALK(N), gives the surface area of the basin when full. If the

outlet is a channel, then the next three variables are used to specify its
longitudinal slope and the reciprocals of its side slopes. If the outlet
control is a weir, then the next variable GN(N) is used to specify the weir
coefficient for the standard formula for flow over a sharp-crested rectang-
ular weir (equation TII-16). If the outlet control is a channel, then GN(N) is
used to specify the Manning roughness coefficient of the outlet channel. The
next two variables GLEN(N) and VOLMLK(N) give the basin length and volume,
respectively. The last variable on this card, GDEPTH(N), specifies the

initial depth of water in the basin, measured from the crest of the outlet

weir or the bottom of the outlet channel. (The user may simulate either wet

or dry detention basins.)

Card Group Eight: Watershed Cards

Characteristics of the drainage area being simulated are specified
on these cards. The drainage area must be divided into a series of watersheds,
each with constant hydraulic and geometric characteristics. In addition, each
watershed may be divided into as many as three subareas, as explained in the
discussion of surface runoff in Chapter III. Card Groups 8A and 8B must be
provided for each watershed.
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Card Group 8A contains six variables describing the watersheds being
simulated. The first variable gives the external number of the watershed,
selected by the user for purposes of identification. The second variable,
NGTO(N), identifies the gutter/channel to which the watershed drains. Note
that one or more watersheds may drain to the same gutter/channel, but a given
watershed may not drain to more than one gutter/channel. The number of the
raingage to be used for the watershed is given next as JK. JK corresponds to
the number of the hyetograph as input in Card Group Two; the first hyetograph
corresponds to JK equal to one, the second to JK equal to two, etc. If only
one raingage is used, as will usually be the case, then JK must equal one for
all watersheds.

The watershed area is specified by the next variable, AREA. The
number of subareas in the watershed is specified next as NW3; this variable
must be in the range 1<NW3<3. The last variable on this card, WWIDTH(N), is
the watershed width, as shown in Figure III-1.

Card Group 8B is supplied once for each subarea; thus, there can be
from one to three 8B cards following each 8A card. The first variable on
this card, WAREA(N,K) is the fraction of the total watershed area in the
subarea (given as a decimal). The second variable, WTYPE(N,K), identifies
the infiltration type of the subarea. WTYPE(N,K) set equal to zero denotes
impervious areas; WTYPE(N,K) set equal to an integer from one to four corres-
ponds to the infiltration curves input as Card Group 3B. The average slope
of the subarea, WSLOPE(N,K), is given next. The average depression storage
depth for the subarea is supplied as WSTORE(N,K). Typical values of depression
storage have been found to be on the order of 0.05 inches for impervious areas
and 0.2 inches for pervious areas (3). The final value on this card is the
Manning roughness coefficient for the subarea. Typical values of this co-
efficient for overland flow are shown in Table IV-3.

Card Group Nine: Runoff Quality Cards

Card Group Nine consists of a single card used to provide runoff
quality information. If runoff quality is not to be simulated, then the first
variable NQS should be set equal to zero and no further information need be
supplied on this card.
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TABLE V-3
TYPICAL VALUES FOR MANNING COEFFICIENT FOR OVERLAND FLOW (6)

Manning's n for

Groundcover Overland Flow
Smooth asphalt 0.012
Asphalt or concrete paving 0.014
Packed clay 0.030
Light turf 0.200
Dense turf 0.350
Dense shrubbery and 0.400

forest litter
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If runoff quality is to be simulated, then NQS should be set equal to
an integer from one to thirteen, corresponding to the list of thirteen water
quality parameters given in Table IV-1. The program will then simulate the
first NQS parameters in the list. With the next three variables, the user
should supply the number of dry days since the last significant storm, DRYDAY,
which can be obtained from the Path 3 computation in the Precipitation Module,
the frequency of maintenance such as street-sweeping, CLFREQ, and the efficiency
of the maintenance, REFF (O<REFF<1). If any storage basins are included in the
simulation, then a value should be given for the last variable on this card,
DET. This variable defines the detention time required for 50% removal of sus-
pended solids in the storage basins.

A1l assumptions with regards to simulation of runoff quality are
explained in Chapter III. If the user has site-specific runoff quality infor-

mation that he would like to use, he should refer to Chapter III for guidance.

Card Group Ten: Qutput Control Cards

Card Group Ten is used to select several options related to program
output. The first variable on Card Group 10A, NPRNT, is used to specify the
total number of gutters, channels, and inlets for which hydrographs and
pollutographs (if quality was simulated) are to be printed. The number of
time-steps between output values should be specified by the second variable
on this card, INTERV. If NPRNT equals zero, then no value need be supplied
for INTERV and Card Group 10B may be skipped.

Card Group 10B is used to list the external numbers of the NPRNT gutters,
inlets, and channels for which output is requested. As many cards as are
required may be used, 16 values per card. (Note that each card should be
filled with 16 values before a subsequent card is started.)

The only variable on Card Group 10C, NPLOT, is the total number of
gutters, channels, and inlets for which hydrographs and pollutographs (if
quality was simulated) are to be plotted. If NPLOT equals zero, Card Groups
10D and 10E should be skipped.
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Card Group 10D is used to 1ist the external numbers of the NPLOT gutters,
channels, and inlets for which plots are to be produced. Card Group 10E is
used to list the parameters to be plotted. As shown in Table IV-1, a zero
placed in the appropriate column means do not plot the parameter; a one in the
appropriate column means plot the parameter.

PROGRAM DESCRIPTION

General Structure

Program SRO is structured into 17 computational units--Main Program
SRO, BLOCK DATA, Subroutine CURVE, Subroutine GQUAL, Subroutine GRAPH,
Subroutine GUTTER, Subroutine HCURVE, Subroutine HYDRO, Subroutine OVRBNK,
Subroutine PINE, Subroutine PPLOT, Subroutine QSHED1, Subroutine RECAP,
Subroutine RHYDRO, Subroutine WSHED, Subroutine CARRY, and Subroutine SUMSTAT.
The interrelationship among these units is illustrated in Figure IYy-2. The
Main Program SRO controls the computational sequence. The primary function of
each routine is as follows:

e BLOCK DATA - Initializes variables prior to execution

¢ Subroutines CURVE, PINE, and PPLOT - Perform graphical
functions

o Subroutine GRAPH - Sets up information for hydrograph
and pollutograph plots

e Subroutine HCURVE - Sets up information for hyetograph
and total outflow plots

e Subroutine GQUAL - Performs gutter/channel quality routing
¢ Subroutine GUTTER - Performs gutter/channel hydraulic routing

e Subroutine HYDRO - Controls time sequencing of quantity
and quality calculations

¢ Subroutine OVRBNK - Performs hydraulic computations for
overbank channels

e Subroutine QSHED1 - Performs pollutant buildup and washoff
computations by subarea

Subroutine RECAP - Qutputs detailed simulation results
Subroutine RHYDRO - Reads input data

Subroutine WSHED - Computes watershed subarea flows
Subroutine CARRY - Computes inlet interception and carryover

Subroutine SUMSTAT - OQutputs simulation results in summary
format.
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The main program and each of these routines is discussed in turn below. A"
complete definition of all common block variables is given at the end of
the section.

Main Program SRO
The following routines are called from the main program:

e HYDRO
e RECAP

Common Block TAPES 1is the only common block employed in the main program,
which is presented in flowchart form in Figure IV-3. After tape assignments
have been made, Subroutine HYDRO is called to perform the computations.
Subroutine RECAP 1is then called to print the detailed simulation results on
a gutter/channel basis. There are no key variables not contained in common;
a listing of the main program follows.

Block Data

This routine is used to initialize key variables in common blocks
SLOPES, LAB, ABLK, and CON. For each of the five land surface types, the
ulitmate Toad in 1bs/acre, the half saturation constant in days and the
pollutant ratios to suspended solids are defined. Also given are axes
labeling information.

The user who wishes to calibrate the runoff quality portion of the
model with site-specific data must do so by modifying the values of the
variables initialized in BLOCK DATA. The relevant variables for each land
surface type are the ultimate suspended solids load, SSUL, the time to reach
half the ultimate suspended solids load, HAFSATL, and the ratio of each
pollutant to suspended solids, FLd’ all of which are defined in Chapter IV.
The values presently in BLOCK DATA were obtained from a study in the Detroit,
Michigan area (3 ).
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PROGRAM SRO

WRITE
PROGRAM TITLE

READ AND WRITE
TAPE ASSIGNMENTS

CALL HYDRQ

CALL RECAP

END

FIGURE TV-3. Flowchart for
Program SRO
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The ultimate suspended solids 1oad and the half-saturation constants
in array SSFACT (5,2) are initialized by a DATA statement: The ratio of
each pollutant mass to suspended solids mass for each land type are contained
in array QFACT (5,13) and are also initialized by a data statement.

A Tisting of BLOCK DATA follows.

Subroutine GRAPH

Subroutine CURVE is called from this routine to control the graphical
functions. The following common blocks are contained in Subroutine GRAPH:

® BLANK COMMON
® TAPES
® LAB

The graphing subroutines enable hydrographs and pollutographs to be
plotted on the printer for selected locations on the data file. GRAPH is
the driving subroutine, and it calls CURVE to produce the actual page of
plotted output. The flow sequence is presented in flowchart form in Figure
IV-4. The leogic sequence is essentially as follows:

1. Information is read from the data file indicating the

structure of that file;

2. Al11 hydrograph and pollutograph information is read
from the data file; and

3. For each type of hydrograph and pollutograph, individual
curves are selected, transferred into plotting arrays,
and output in a final plotted form by Subroutine CURVE.

There are no key variables not contained in common. The computer listing
of this routine follows.

Subroutine HCURVE

Subroutine CURVE is called by HCURVE to produce the plotted results.
The following common blocks are employed in Subroutine HCURVE:

e BLANK COMMON
e LAB
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SUBROUTINE GRAPH

y HAS TAPE
BEEN SPECIFIED

REWIND TAPE

READ TAPE

CALL CURVE

N

RETURN

FIGURE IV-4, Flowchart for
Subroutine GRAPH
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HCURVE arranges rainfall hyetograph data or the total inlet inflow data
for subsequent processing by Subroutine CURVE. The logic sequence is pre-
sented in Figure IV-5 in flowchart form, followed by the computer listing.

Subroutines CURVE, PINE AND PPLOT

These routines form a standard plot package and will be considered
here as one computational unit. Subroutine CURVE is called to enter the
plot package and employs common block LAB to define axis labeling informa-
tion. Subroutine PPLOT also employs common block LAB while PPLOT contains
no common block. Each routine is disussed in turn below.

Subroutine CURVE

The Subroutine CURVE performs the following operations:

1. Determines maximum and minimum of arrays to be plotted;

2. Calculates the range of values and selects appropriate
scale intervals;

3., Computes vertical axis labels based upon the calculated
scales;

4. Computes horizontal axis labels based upon the calculated
scales;

5. Joins individual parts of the curve by Subroutine PINE; and

6. Outputs final plot.

Subroutine PINE

This subroutine joins two coordinate locations with appropriate
characters in the output image array A of PPLOT.

Subroutine PPLOT

This subroutine initializes the plotting array, stores individual
Tocations, and outputs the final image array A for the printer plot.
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SUBROUTINE HCURVE

PREPARES CURVE TITLE,
AND HORIZONTAL-VERTICAL
COORDINATE DESCRIPTIONS

PREPARE
HYETOGRAPH DATA

CALL CURVE
T0 PLOT
HYETOGRAPH

LAST
HYETOGRAPH

RETURN

FIGURE IV-5. Flowchart for
Subroutine HCURVE
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The key variables in each routine not in common are presented in
Table IV-4. The computer listing for these routines follows.

Subroutine GQUAL

GQUAL computes a mass balance for each gutter/channel at each time
step. The routine is called from GUTTER and returns the concentration of
conservative constituents in the gutter/channel. Mass inputs include up-
stream gutters and channels, tributary watersheds, and inlet carryover.

This quality routing routine also handles surcharge quality. It does not
contain any provision for decay of non-conservative constituents. Suspended
solids removal in detention basins is also computed in this routine. The
following common blocks are employed in this routine:

BLANK COMMON
ABLK

NEW

POLUT

INFIL

REMOV

TEST

The computational sequence is shown in flowchart form in Figure IV-6. Key
variables not in common are presented in Table IV-5, followed by a Tisting
of this subroutine.

Subroutine GUTTER

Subroutine GUTTER calls Subroutine GQUAL and Subroutine CARRY. The
following common blocks are employed in GUTTER:

BLANK COMMON
TAPES

ABLK

NEW

MAX
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TABLE IV-4
PLOT PACKAGE VARIABLES NOT IN COMMON

87

Variable
Name Description Unit
SUBROUTINE CURVE

A The log base 10 of the range of values of y
coordinate to be plotted

FRANG Expanded range (even intervals) of y coordinates
of curve to be plotted
Subscript counter

L Subscript counter

M Subscript counter

N Subscript counter

NCV Number of curves/plot

"NPLOT Number of plots

NPOINT Number of points on a plot

NPT Number of poinfs/curve (array)

NPTM Numerical value of NPT

RANGE Range of y values to be plotted

X X coordinate array

XINT Label interval for X

XMAX Maximum X value

XMIN Minimum X value

X0 Start point of line (X coordinate)

XSCAL X scale factor

XT End point of line (X coordinate)

M Subscript counter

MC Do loop counter

MM Subscript counter

N Subscript counter

NCURVE Number of curves to be plotted



TABLE IV-4

(cont.)
Variable
Name Description Unit
NCV Number of curves/plot
NLOC Node number of hydrograph point
NLP Number of types of plot (hydrographs and
pollutographs)
NN Subscript counter
NPCV Maximum number of curves/plot
NPLOT Number of plots
NPT Array containing number of points to be
plotted (GRAPH)
NQP Number of quality constituents to be plotted
NQUAL Number of quality constituents on data file
NR Subscript counter
NSTEPS Number of steps in plot
NTAPE Input tape number for plotting
NVAL Number of points/data record on a file
TAREA Total area Acres
TDELT Time-step interval
TIMES Time-step interval
TZERO Zero time
X X coordinate array (GRAPH)
Y Y coordinates of curves to be drawn
YT Hydrograph-pollutograph information on
data file
SUBROUTINE PINE
AXA X coordinate of value previously plotted
AXG X coordinate of value to be plotted
AYA Y coordinate of value previously plotted
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TABLE IV-4

(cont.)
Variable
Name Description Unit
AYB Y coordinate of value to be plotted
IXA Integer value of AXA
IXB Integer value of AXB
IYA Integer value of AYA
1YB Integer value of AYB
N Subscript counter
NCT Number of plots
NSYM PTot number
XA X increment used for interpolation
X1 Same as X0
X2 Same as XT
YA Y increment used for interpolation
Y1 Same as Y0
Y2 Same as YT
SUBROUTINE PPLOT
A Transfer array for plotting
I Subscript counter
11 Subscript counter
IX Start point of line
IY Start point of line
J Subscript counter
Jd Subscript counter
NCT Number of plots
SYM Plot symbol array
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SUBROUTINE GQUAL

INFLOW SET CONCENTRATION
OR OUTFLOW LESS YES 5\ T0 ZERO
THAN 0.0057
SUM MASS INPUTS FROM
RETURN
| EACH SUBAREA SURFACE TYPE
o UPSTREAM CHANNELS
e INLET CARRYOVER
8 ADJACENT WATERSHEDS
SET CONCENTRATION
INLET? YES FOR INLET
No
COMPUTE RETURN

CURRENT VALUES OF

CHANNEL PARAMETERS
FOR ROUTING

COMPUTE
FINAL CONCENTRATIONS
AND UPDATE TIME PARAMETERS
FOR EACH SUBAREA SURFACE
TYPE

C RETURN )

FIGURE IV%S. Flowchart for
Subroutine GQUAL
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TABLE IV-5

KEY VARIABLES NOT IN COMMON FOR SUBROUTINE GQUAL

Fortran

Variable Description Units
ALFA Auxiliary variable sec”!
BETA Auxiliary variable gm/1/sec
DT Detention time sec
J Channel number (internal) -
PREM Surcharge mass flux gm/sec
QT Channel flow plus surcharge rate ft3/sec
RR Suspended solids removal fraction -
STORPL(13,5) Surcharge mass in channel for each

suspended solid type gm
TEMP Auxiliary variable sec/ft3
v Channel volume £t3
VDOT Time derivative of channel volume ft3/sec
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The function of Subroutine GUTTER is very similar to that of WSHED;
it calculates a complete set of water depths and flows for gutters and
channels and calls GQUAL to route conservative pollutants. If an inlet
is encountered, CARRY is called to compute the carryover to the downstream
gutter/channel.

The computation proceeds one gutter/channel at a time. For a gutter/
channel, first the inflows are summed, then Newton's iterative procedure is
used to determine the depth and outflow based on continuity and uniform
flow equations. Individual calculations are made for trapezoidal gutters
and channels, pipes, and overbank channels (by calling OVRBNK). Detention
basin outflows are determined from a weir equation or the uniform flow
equation for an outlet channel. If the gutter/channel becomes filled and
surcharge occurs or if an overbank channel begins to flow, a message is
printed. Inlet hydraulic and quality information is written to tape or
disc for later access by the drainage design program. Hydrographs and
pollutographs are written to an output file. The computational sequence
is shown in the flowchart of Figure IV-7. Key variables not included in
common are presented in Table IV-6 followed by a 1isting of the subroutine.

Subroutine OVRBNK

When a channel has been input as a double trapezoidal channel and the
base channel overflows, OVRBNK is called to route the flows in the overbank
channel. The structure of this subroutine is virtually identical with the
portion of GUTTER that calculates flow from trapezoidal channels. The
inflow to the overbank channel is the overflow from the base channel and
agaiﬁ Newton's method is used to compute depth and outflow. The overbank
channel outflow is added to the full flow of the base channel computed 1in
GUTTER to arrive at the total outflow.
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SUBROUTINE GUTTER

REPEAT FROM
A TO By FOR
EACH CNANNEL

SUM INPUTS
® WATERSHEDS
¢ CHANNELS
CARRYQVER

COMPUTE
NEW DEPTH, FLOW
(NELTON-RAPHSON OR BASIN
QUTFLOW EQUATIONS)

DETERMINE
CHANNEL TYPE

\
SURCHARGE COMPUTATIONS CALL CARRY CALL OVRBNK
\
A

FIGURE IV-7. Flowchart for

Subroutine GUTTER
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CALL GQUAL

TAPE WRITE
HYDRAULIC AND
QUALITY VARIABLES

TAPE HRITE
FLOWS, CONCENTRATIONS
ON PRINT, AND
PLOT TAPES

!

RETURN

Figure IV-7
(Continued)
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TABLE IV-6
KEY VARIABLES NOT IN COMMON FOR SUBROUTINE GUTTER

Fortran

Variable Description Units
AR23 Detention basin flow calculation auxiliary 8/3

variable ft
AX Detention basin flow area ft2
AXQ Channel flow area at start of time step ft2
AX1 Channel flow area at end of time step ftz
DAX1 Derivative of flow area with respect to

depth change ft
DDELV Derivative of flow volume with respect to 2

depth change ft
DEL Change in depth ft
DELV Channel in volume has .a function depth 3

change ft
DEPTH Depth of flow at inlet ft
DF Derivative of Newton-Raphson F function ft2
DFLOW1 Derivative of flow at end of time step

with respect to depth change cfs/ft
DO Detention basin depth at the beginning

of the time.step ft
DWP1 Derivative of wetted perimeter with respect

to depth change ft/ft
D@ Channel depth at beginning of the time step ft
| Channel depth at end of the time step ft
F Newton-Raphson F function ft3
FLOW Average flow during the time step length ft3
FLOWQ Flow at depth at beginning of the time step ft3
FLOW1 Flow at depth at end of the time step ft3
FLOW1@ Flow at depth at beginning of the previous 3

time step ft
IFLG Surcharge indicator -
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TABLE 1v-6

(cont.)
Fortran

Variable Description Units
IND Rainfall array pointer -
INLETS Number of inlets -
NGAG Raingage number -
NOGG Number of channels and inlet channels -
NOUT Plot tape number -
NPGJ Channel type -
NSUR Number of surcharged channels -
NTIMEH Time 1in hours hrs
NTS2 Transfer tape number -
NT1 Print tape number -
“NUP Channel number above inlet (internal) -
NX Contributary watershed number (internal) -
OVRAX@ Overbank flow area at beginning of time 2

step ft
OVRAX1 Overbank flow area at end of time step ft2
OVRDEL Overbank channel change in depth ft
OVROUT Overbank channel outflow ft3/sec
OVRQIN Overbank channel inflow ft3/sec
RAD1 Hydraulic radius at end of the time step ft
TIMEM Time in minutes min
TMSUR Surcharge volume rate ft3/sec
VoL Channel volume ft3
VoL@ Volume at the beginning of the time step ft3
WP Wetted perimeter as a function of depth

change ft
WpPp Wetted perimeter at depth at beginning of

the time step ft
WP1 Wetted perimeter at depth at end of the

time step ft
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The following common blocks are employed:

e BLANK COMMON
e NEW

The structure of the routine is shown in the flowchart of Figure IV-8. Key
variables not in common are a subset of those presented in Table IV-6.
The computer Tisting follows.

Subroutine HYDRO

As shown in Figure IV-2, HYDRO Tinks most of the subroutines in the
runoff program and calls them sequentially to execute a complete runoff
simulation. It initializes certain variables to zero before calling RHYDRO
to read in the control, rainfall, watershed subarea, land use, gutter/channel,
and quality data. A call to QSHED1 initializes suspended solids loadings in
the watershed subareas.

A DO-Toop is formed to compute the hydrograph coordinate and concen-
tration for each gutter/channel and for each time step. In each time step,
subroutine WSHED is first called to calculate the flow and quality of water
off the watershed subareas. GUTTER is then called to route the flow and
conservative constituents through the gutters and channels and into the
inlets. Inlet inflow and the pollutant influx is stored on a tape or disc
file for subsequent access by the drainage design program DRAIN.

During the process of computation, an accounting is made for the
quantity of all water entering and Teaving each watershed subarea and the
disposition of water currently in the watershed. A continuity balance is
then performed and printed. The pollutant mass washed off each watershed
subarea is also printed for reference.

- Finally, the rainfall hyetograph, the sum of all inlet hydrographs,

and desired gutter/channel outflow hydrographs and concentration-time
curves are plotted by calling HCURVE and GRAPH. Subroutine SUMSTAT is
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( SUBROUTINE OVRBNK>

COMPUTE
NEW DEPTH, FLOW IN
OVERBANK CHANNEL

(NEWTON - RAPHSON)

|
&>

FIGURE IV-8. Flowchart of
Subroutine OVRBNK
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called to output simulation results in a summary format. The control is
then returned to main program SRO.

The following common blocks are employed in Subroutine HYDRO:

BLANK COMMON
TAPES

ABLK

INFIL

NEW

CON

MAX

TEST

The computation steps are presented in flowchart form in Figure IV-9. Key
variables not in common areas are presented in Table IV-7. The computer
listing follows.

Subroutine QSHED1

Subroutine QSHED1 is used to estimate the initial mass of pollutants
on each watershed subarea at the beginning of a storm. This is done by
applying empirically determined pollutant buildup factors for the number of
dry days prior to a storm and then reducing the total by the amount taken
up by maintenance. QSHED1 is also called at entry point QSHED2 by WSHED
for each time step to compute the amount of suspended solids washed off
of each subarea surface type. Washoff mechanisms are simulated by using
an exponential runoff function.

The following common blocks are employed:

BLANK COMMON
ABLK
POLUT
INFIL
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SUBROUTINE HYDRO

INITIALIZE VARIABLES

CALL RHYDRO

CALL QSHED1

INCREMENT TIME

READ INPUT HYDROGRAPHS
AND POLLUTOGRAPHS

CALL WSHED

REPEAT FROM
A1 TO By FOR
EACH TIME STEP

FIGURE IV-9. Flowchart of

Subroutine HYDRO
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CALL GUTTER

SUM
BASIN OUTFLOWS

CHECK CONTINUITY

WRITE
CONTINUITY SUMMARY

Figure IV-9
(Continued)
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WRITE
SOLIDS WASHOFF
SUMMARY

CALL SUMSTAT
TO PRINT
DESIGN SUMMARY

|

CALL HCURVE
TO PLOT RAINFALL
HYETOGRAPH

CALL HCURVE
T0 PLOT
INLET HYDROGRAPH

CALL GRAPH

T0 PLOT
HYDROGRAPHS AND
POLLUTOGRAPHS

|

RETURN

Figure IV-9
(Continued)
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TABLE IV-7
KEY VARIABLES NOT IN COMMON FOR SUBROUTINE HYDRO

Fortran
Variable Description Units
BASIN Basin number -
ERROR Error in continuity as a percent of inflow
volume -
VFLON Intet flow ft3/sec
NOGG Number of channels and inlets -
PK InTet load by constituent kg, No. of
organisms
PR Percent load reduction by surface storage -
PSUM Total inlet load kg
PTOT Total washoff by subarea kg
SUMCHL Sum of change in channel volumes ft3
SUMSUR Sum of change in surcharge volumes ft3
TOTIN Total inlet volume £t
TOTOUT Total runoff volume plus change in channel 3
storage ft

WASH Total washoff kg
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The computational sequence is depicted in flowchart form in Figure IV-10.
Key variables not contained in common are presented in Table IV-8. The
subroutine listing follows.

Subroutine RECAP

This subroutine reads the output tapes written in GUTTER and writes
a summary report. The report consists of either hydraulic results alone
or of hydraulic and quality results for inlets, gutters and channels, as
specified for that run. The following common blocks are employed:

o BLANK COMMON
s ABLK
e TAPES

The flowchart is presented in Figure IV-11 followed by the computer listing.

Subroutine RHYDRO

This subroutine is called by HYDRO to read input data and perform
some preparatory work, such as unit conversion, input error detection, and
set-up of the gutter/channel connectivity array. RHYDRO is called only once
and provides virtually all the necessary information for the complete run-
off quantity and quality simulation.

There are several categories of input data read by RHYDRO. These
include basic control information, rainfall hyetographs, inlet data, data
for gutters, trapezoidal channels, pipes, overbank channels and detention
basins, watershed data, and runoff quality data. A1l input data are echo
printed.
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SUBROUTINE QSHED1

ACCOUNT FOR
MAINTENANCE

REPEAT FROM A; TO
By FOR EACH
WATERSHED SUBAREA

COMPUTE
WATERSHED LOADINGS FOR
EACH WATERSHED SURFACE

TYPE

RETURN

ENTRY QSHED2

DECAY MATERIAL FOR
EACH WATERSHED
SURFACE TYPE.

COMPUTE OUTFLOW
CONCENTRATION FOR EACH
SUBAREA IN CASCADE

RETURN

FIGURE IV-10. Flowchart of

Subroutine QSHED1
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TABLE 1IV-8
KEY VARIABLES NOT CONTAINED IN COMMON FOR SUBROUTINE QSHED1

Fortran

Variable Description Units
ALFA Auxiliary computational variable sec”!
AVAIL Washoff availability factor -
BETA Auxiliary computational variable gm/1/sec
DFACT Decay factor -
DORG Rainfall minus infiltration ft
DRY Effective dry days days
J Watershed number (internal) -
K Subarea number -
NCLEAN Number of times maintenance performed -
PO Material available for washoff from

subarea gm
QIW Subarea inflow ft3/sec
QT Subarea outflow ft3/sec
R Runoff ft
SS Suspended solids initial accumulation 1bs
TEMP Temporary variable sec/ft3
TGS Effective maintenance efficiency -
) Subarea volume ft3
vDOT Subarea volume time derivative ft3/sec
NGSAVE Number of inlets -
NHR Number of hours -
NHRR Temporary variable -
NINLET Number of inlets on grade -
NLAKE Number of detention basins -
NMN Number of minutes -
NMNN Temporary variable -
NOGG Number of channels and inlets on grade -
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TABLE IV-8

(cont.)
Fortran

Variable Description Units
NOGS Number of channels and inlets on grade -
NOVR Number of overbank channels -

NP Type channel -
NSTP Number of time steps simulated ~
NTRY Temporary internal channel number -
NW3 Number of subareas in the given watershed -

N5 Read unit number -

N6 Write unit number -
0VRGQ Overbank channel maximum flow ft3/sec
OVRGY Overbank channel maximum velocity ft/sec
W4 Subarea Manning's roughness factor £t1/6
XSLOPP Cross slope ft/ft
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SUBROUTINE RECAP

IS DATA

AVAILABLE ON YES
TAPE?
RETURN
ARE BOTH
YES

QUANTITY AND

QUALITY TO BE
PRINTED

REPEAT FROM
A, TO B,
FOR EACH NODE

READ TAPE
PRINT HEADING PRINT
QUANTITY DATA,

GROUPS OF TEN

END OF PRINTING RETURN

FIGURE IV-11. Flowchart of
Subroutine RECAP
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REPEAT FROM

o ———— s s i €y TO Dy

FOR EACH NQDE

READ TAPE
PRINT HEADING PRINT
QUANTITY AND QUALITY,
ONE NODE AT A TIME

END OF PRINTING RETURN

Figure TV-11
(Continued)
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In addition to reading and printing input data, RHYDRO orders gutters
and channels from upstream to downstream, creates dummy channels at inlets,
prints gutter/channel connections and inlets, and sets up output tapes.

The following common blocks are employed in this subroutine:

INLET

BLANK COMMON
TAPES

ABLK

INFIL

NEW

MISC

REMOVE
SLOPES

The flowchart for this subroutine is illustrated in Figure IV-12. Key variables
not included in common are presented in Table IV-9 followed by the subroutine
listing.

Subroutine WSHED

WSHED computes the depth and flow of water for each watershed subarea.
A Newton-Raphson solution technique is used to solve for the depth and out-
flow from each subarea based on continuity and uniform flow equations. Sub-
routine QSHED2 is called to compute the corresponding pollutographs for each
watershed subarea.

fhe following common blocks are employed:
¢ BLANK COMMON
e INFIL

e POLUT

The computational sequence is shown in the flowchart of Figure IV-13. Key
variables not included in common are itemized in Table IV-10.
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SUBROUTINE RHYDRO

READ AND
WRITE TITLE,

CONTROL INFORMATION

READ AND WRITE
RAINFALL DATA

READ AND WRITE
SUBAREA SURFACE
CHARACTERISTICS

READ AND WRITE
INLET DESIGN
PARAMETERS

READ AND WRITE
CHANNEL AND PIPE
DATA

FIGURE IV-12. Flowchart of
Subroutine RHYDRO
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READ AND WRITE
OVERBANK
CHANNEL DATA

READ AND WRITE
DETENTION

BASIN DATA

SET UP
CONNECTIVITY TABLE,
IDENTIFY INLETS
ON GRADE

CREATE
ORDERING ARRAY

)

READ
WATERSHED AND
SUBAREA DATA

WRITE
WATERSHED AND
SUBAREA DATA

Figure IV-12
(Continued)
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SET UP
CONNECTIVITY TABLE,
IDENTIFY SUMP INLETS

T

WRITE
CONNECTIVITY SUMMARY

WRITE
INLET HYDROGRAPHS
TO BE STORED

v

READ AND WRITE
QUALITY DATA

v

READ AND WRITE
PRINT AND PLOT
CONTROL INFORMATION

v

SET UP
PRINT, PLOT,
AND INLET TAPES

F‘—--—-_._“j P-‘_-—_-_“—~1 T — -_—-.___"“‘——~— T ———

ERROR(S).DETECTED

RETURN
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TABLE IV-9

KEY VARIABLES NOT CONTAINED IN COMMON FOR SUBROUTINE RHYDRO

Fortran
Variable Description Units
AREA Watershed area ac or ha
BASIN Basin number -
GA Full flow area of the channel ft2 or m2
GMAN Average Manning coefficient for normal 1/6 1/6
and overbank channel ft or m
GP Full flow wetted perimeter of the channel ft orm
GQ Full channel flow cfs or cms
GR Full channel hydraulic radius ft orm
Gl Detention basin or Overbank channel width ft orm
G2 Detention basin area ac or ha
G3 Detention basin slope -
G4 Detention basin or Overbank channel
side slope 1 -
G5 Detention basin or Overbank channel
side slope 2 -
G6 Overbank channel Manning's n ftl/6 or mt/6
G7 Overbank channel maximum depth ft orm
G8 Detention basin volume at outfall acre-ft or m3
G9 Detention basin initial depth ft orm
IDENT Overbank channel number -
IG Detention basin raingage -
INFIL Number of infiltration types -
INLETS Number of inlets -
NBASIN Basin number -
NCHAN Number of channels -
NDIM Dimension 1limit -
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TABLE IV-9

(continued)

Fortran
Variable Description Units
NERROR Number of input errors -
NGSAVE Number of inlet -
NHR Number of hours -
NHRR Temporary variable -
NINLET Number of inlets on grade -
NLAKE Number of detention basins -
NMN Number of minutes -
NMNN Temporary variable ~
NOGG Number of channels and inlets on grade -
NOGS Number of channels and inlets on grade -
NOVR Number of overbank channels -
NP Type channel -
NSTP Number of time steps simulated -
NTRY Temporary internal channel number -
NW3 Number of subareas in the given watershed -
N5 Read unit number -
N6 Write unit number - -
OVRGQ Overbank channel maximum flow cfs or cms
OVRGY Overbank channel maximum velocity ft/sec or m/sec
Wa Subarea Manning's roughness factor ft 176 orm
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SUBROUTINE WSHED

LEPEAT FROM A1 TO
@ =TT 71 cq FOR EACH

WATERSHED

COMPUTE
RAINFALL INTENSITY

REPEAT FROM By TO
e' - = Cq FOR EACH

SUBAREA

COMPUTE AREA
OF PLANE

MAXIMUM
INFILTRATION EXCEEDED?

YES

L

SET
INFILTRATION TO 0

COMPUTE

INFILTRATION LOSS

FIGURE IV-13. Flowchart of
Subroutine WSHED

163



LOSS
EXCEEDS -DEPTH?

SET
LOSS EQUAL TO DEPTH

W

COMPUTE
NEW DEPTH, FLOW

(NEWTON - RAPHSON)

SUM
INFILTRATION LOSS

CALL
QSHED2

RETURN

Figure 1IV-13
(Continued)
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KEY

TABLE 1IV-10
VARIABLES NOT IN COMMON FOR SUBROUTINE WSHED

Fortran
Variable Description Units
NQS Quality option indicator -
_ DORG Rainfall minus infiltration ft
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Subroutine SUMSAT

This routine summarizes the simulation results. For surface channels
and gutters, full flow, velocity, depth, and flow spread are printed. The
simulation results are presented for each channel and gutter in terms of
maximum computed flow, velocity, and depth and their time of occurrence.

The computational sequence is presented in flowchart form in Figure IV-14.
Key variables not contained in the following common blocks employed in the
routine are presented in Table IV-11: |

BLANK COMMON
MAX
NEW
MISC

The computer Tisting follows.

Subroutine CARRY

This subroutine is called from Subroutine GUTTER to compufe the
carryover for the inlet immediately upstream of the gutter or channel
section considered. Subroutine CARRY employs the following common blocks:

BLANK COMMON
SYS

LoC

INLET

ROUT

COEFI

For zero gutter/channel depth, the carryover flow is set to zero.
For nonzero gutter/channel depth, the hydraulic conditions at the inlet
are calculated based on the depth. For inlets on grade, the appropriate
design equations based on inlet type, efficiency curves supplied as input,
or efficiency curves from Block Data are used to determine the carryover.
When efficiency curves supplied as input are used, the subroutine will
select and use the appropriate curve based on longitudinal slope and cross-slope
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SUBROUTINE SUMSTAT
COMPYTE

DESIGN FLOW
AND VELOCITY

L

COMPUTE
MAXIMUM
VELOCITY

|

COMPUTE
RATIO OF MAXIMUM
DEPTH TO DESIGN DEPTH

COMPUTE
FEET OF HIGHUWAY
FLOODED

v

PRINT
GUTTER/CHANNEL
STATISTICS

RETURN

FIGURE IV-14., Flowchart of
Subroutine SUMSTAT
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TABLE 1y-11
KEY VARIABLES NOT IN COMMON FOR SUBROUTINE SUMSTAT

Fortran

Variable Description Units
DR Ratio of maximum computed depth to design

depth -
R Fraction of maximum depth at design flow

spread -
FHF Feet of highway flooded ft
GA Design flow area ft2
GAA Maximum computed flow area £t2
GP Design flow wetted perimeter ft
GR Design hydraulic radius ft
GQ Design flow ft3/sec
GV Design velocity ft/sec
GVv Maximum computed velocity ft/sec
DSF Maximum computed flow spread ft

170



3974

61°91°60

INIGV3IH S1INN HSILIYE »reexD
2
162 0L 09
(/Le=x)Bu X9 ((#-%)238XI)2¢(»-+)8*XT8(2=-%)F6K,
T r=x)FXCEx /¥ °NIW “UH**XCE»( HI*¢XTFEx( W) s4XSEx(ST/AI** Xy % (SKHI
II)#tXE (v (*WIS*XB)ICOs(S/WIoXBE#(SWII XL uTGWNN*EX2 o> =/ S
EXLO+IINIUNIIO*¢ X »QVIUDS+ Xy o+ HLIG3D** X *#ALIJ0NIA#Xu o 5M0TIs X%
+dV3IYdS*#SXI%eH1dIqeE XL« ALIIOTIA=SX L ¥MOTd»6XF ¢+ TINNVHI#8X2 %= »/¥dF
O*¢XGe(+Q3UNdWOI* X)) HOXSe=MOTAo XL (*NOISTA+EXL)I2**NSISIAe4 XSG/ Y2
JLINO*»4x24x +/*xTWIL*eXH S (xWNAIXYH**XCIb Xy xNIISIU**X2G¢* *)LVnHOS T8¢
(ID0E*INIILIYM
ENIQVIH JIH13W »»*s]
3

20€ 01 09 (G°03°13WIN4I
(//C»=2)2G*X8C%s »/+STINNZ
VHI/S¥3L1N9 ONNOHO-3A08Y HOd4 SIILSILVILIS AUVWANS**XBES+ *»///3174AY¥04 0Gg
(COC*INIZLIIYM
(+ VINIOYIA *3IYCAVYNNY**X86=x9
¥3HHEXF o2 AVYI0dd AJONNY JIVAUNSe X3 O xxxxHHEXBZ4#*2°Q “ANJLINIHSVMxSG
» v/ 33XMIW ONY Y3SS3HQ dWVIséXGlrsns A4
exxxHOHPOXITo=NQILYLIYOASNY YL 40 INIWLYVAIO+t» +/+ N¢
OISIAIJ S32¥NOS3Y ¥3LVM+eXBewx¥sx T300W 39VYNIVHOG AVMHOIH Nva¥N =%
+oHOGOX T *NOILVHISINIWOY AVAHSIH TVH303d%%s «/(-~HZIHS*+T1»)LVWH04 6662
(6E6C*INIILIINAM eGc
152 01 09
002 0L 09 (I°93°(9¢+3c/I3°HO"T1°03°Ir4]
dL1N20N*T=T 09T 0Q
o}
STINNVHI GNNOMI-3A0EY 404 SITISILVLIS AYVWWES JINDWOD wresrssse]
3
JS0*9SOeYLLINIONS(OSTIZVAIITS(GSTITVAITIC
S(0GTIFEYLISI*(OGT)IVZYLSTI*{OSTIBTIYLISI®(OCTIYIVLISIZ
$(032)019a%(3GTI340TISKX/ISIH/NCHKOD
(3STHXN3TuNse
B{OCTIdIUXVN Y (O0GTINIWAVHAP(OSTIHHAVHL (OSTIMTIAXT W/ XVH/NTGHWOD
i SIAXVN*MTI4XYn TV 3Y
IMOWNS*THANS (ETIHLAIMLO(SINIAILE (TINOIYAD*(E) T4 RAC
S{CINIHAOS(ZIZSIYAO (LI TS2YAD(SIHLIMEAD* (E)dIABAC
SUSILIAHNTCCEINTATOAC (2INTIVIHY CCLITINTI S (OSTIZIAVSI
S(CT*OGI)LITINIJO(OGI)LIINID  (OGTINNSINS(LOZIOLSON
S(OSTIMOTIX (OSTIZTOAC(OSTITTIOAS(EIID* (E)1dE0S
S{T)H)UYEVS (L) LAACE(TIOTASYEO(ICCIOLONO(CSTIOIWYN/MIN/NOWADD
GNO*GNO (SIINONP* (TININ/SIIVL/NCHWOD
107dN® (0GTYIA0II*COSTIILOTNdI*(OHm)ISILILCINDLINIC
SAMIUINIC®C(OSTIMTIILNOCIAVSNOEINYGN(OGTIIAYSIC(0STYLNYEDI NOWWOD
OLSIHL*OLSIHN®QVINNS (O0ZILIANNC(CT®I0TINIVYY NOWWOD
(00Z)I0LON®C¢ JTIIOLMNSC(ITS0OC)II0LIN®(O0T4002I20LMN NOHNOD
(0STIdNSO(0STINISS(0STIATI0 NOWWOD
(OSTIXVAdS*(0STIIINHTIZLI44(302)1INING
S(O0STIMNWNSAC(OSTITINAG (ISTINDIT(0GTIIHLaTTO* (ASTINT®(CSTIZE92
B(0STITSOC(0GTIIdOTISI®(OSTINITIOYCIGTIHLIAIMOC(USTIMOTIIT NOWWOD
(002)dHIJdd®*¢ S DAVIZC*C G INIWIME
PO G IXVYWIMESCOO0ZIMIWYNG (CC00CINOIMNG(E4002)IV3avMeCEd002INL4IOMS
$¢(C%002)3801SM(C4002)I34OTISHS(D0CIHLIAIMMS(002ZIMOTAN NOWWOD
LIHTSONINGSLSWNS S 430ANSCIRNS *YNNS *OHIZL 4SSO INOZIAIL IWIL T
BYIYVLICHILSNOIONCMONSTLIII0 L TI30NIVELYI0LSIHENINGSNSMN NOAWDD
LVISWNS 3INILNCHENsS

- 0N

Tase6c/10 31G+u*Hh NL 4 1=1d0 GGL/bL iVLiSWNS 3INILNO¥ANS

SG

0s

Sy

0%

S¢

L9
0

S¢

ae

T

>
Y
€9
o
S o
sl
-
02
Yo
>
©
-
v
)

produ

Re
b

171



3ovd

61°91°%0

QN3

N¥NL3IY

3NNILNOD
(CISXC TIOXQ T HIoXNGo2 HIXGL

$2°TdXH 42T AEXBOT U AOXLOC H4oXBEZ*TIOXLOTTASXL HIOXCos %) iVHIOS
CIINTHXYACCIIHHX Y WSS 48 (1) 430XV NS
CAASSCIIMIAXVYWA CIIXVHAS S (I TINAACAI609¢ (IIDIWYN C(OCH*IN) JLI UM

8GT Gl 09
(CI*XCOCIoXbbu—nby o2y 402

XGOC TAXY 2 TAoX6 *=~xbXaS2°HI0XBOZ*FJ6XL02°FAEXL HIEXE o= »)LVWHOS
CIINIWXYH*CI)NE

HXYRS (T)dIAXVACAAIS (IINTAXY WO CI)ITINIACA94998 CIIOIWYN (OTH*9)ILINHN
€2% 0L 03 (I°83°(I)9dNIII

I8 S/ CI)dIACXYWN=CIIAIAXY

132°¢/¢1)7In4a=¢I)17n4q

182°¢/dS4=dS4

IBZ €/ CIIXVNAS=(I) XV WIS

T I82°S/AAI=AAY

EGC/CIIMTIXY W= (I IMNTIXY N

I82°C/A9=A3

£€°G6£/09=09

10dING JIYL3H

00% OL 09 (0°03°L13WI)4I
((IXZST+(IITISII*(IIHIAXVH+(IIHIAIMI=4S3
SIILASILIVIS T3NNVHI/ZH3IL1IN9 LINI¥d

VVI/CIIMNTAAVA=ANS

CCCIDdIOX YN 2INIS+G*0-(I)dIAXVWI=(*6 /2% (IIHICIMNDI=YVD
082 01 09
CCCIICSO+CIIISI*CIDId3OXVW+S I+ (IIHLOIMND I » (I )dIAXVH=VYI
GLZ 01 09 (E*C3*(I)9dN)4dI

NOY 03 MOTd WAWIXYW 3LNdW0D

AI*Y9=D9

£999999°0+*49»((I1)3407S9)L40S*(I)IN9/984*T[=A9

49/v9=¥9

(I)ITINH0+9T»T°¢=d9

*C»»(IX1IN40*HG8L°0=V9

392 01 09

(C(Ce=(NN)ZSO+0°T)ILYDS+(Z»»(I)TSI+0°T) LHOSI*(IIIINIC+CIIKHLIOIMI=49
CCCIIZSI+(IITISN+ (I3 1INAA*S 0+ (IIHITAIMNSI=(I)TIN4T=VI

852 0L 09 (€°G3°(1)9dN)I4I

ALIJ0T3A OGNV MOT4 NIISIQ

(7(s=2)BHEXTO((v~0)I8XI)20(w=r)B XTIt (2~%)T¢XIL
Clm=s)TF0X2% /s *NIN  “HH*OXC 2 (Ld)»*XTF0u(L14)e4XGOs(SdI)ssXG**(S4I9
Y2 X6 (2 (LA 48X AIZ4¥(SA) X384 (SAD)**X L0 »3ITUNNSEXZ 8% v/ S
$XL4#IINIUNII0+ X2+ 0V INS#* XS wHLIdIA+ XN wALID0OTIA# XS xMOTIw s Kg0h
2OV IUAS* XTI+ HLIdIAe XL #ALIDOIIASEXL e sMOT4» X T « TINNVHI s 6X2%s a/wdC
0stXGo(#03LNdWOIw o XZIHEXGO¥MOTI» XL CaNTISIU**XLIZ**AOISIqedXG T e/ oL
JLLIND=4XCs #/wTWlLs®XH O (2 UNHIXVH XS I OXH4aNIISIO#6X2C%s o) LVWYHOS

(EOSOIN)IILI YN

18/62/18 gig+8°y N1d 1=1d0 0GL/0L LYLSWNS 3NILNOYANS

Q0%

srvx)

LE X ¥ )

s8¢
oLe

102

sevs)

2

€0¢
eog

ottt

S0T

00T

S6

06

S8

o8

SL

0L

59

29

172



in the case of gutters and on longitudinal slope in the case of channels.
The user may also elect the option whereby efficiency curves are built
into the program in Block Data. In that case, the appropriate curve is
selected from Block Data.

Key variables not in common are shown in Table IV-12, followed by
a listing of this subroutine.

Variables in Common

Program SRO employes 15 separate common blocks as listed below:

LAB
ABLK
CON
BLANK COMMON
NEW
POLUT
INFIL
REMOVE
TEST
TAPES
MAX
INLET
MISC
SLOPES
NOMOG

The variables contained in each block are presented in Tables IV-13 through
IV-27, respectively.
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TABLE [V-12

"~ KEY VARIABLES NOT IN COMMON FOR SUBROUTINE CARRY

Fortran
Variable Description Units
ALOCUS Gutter Flow Area ft2 or m2
C Flow for Inlets in Gutters cfs or cms

Flow Depth for Inlets in Channels ft orm
DDES Gutter Flow Depth for Sump Inlet ft orm
DQ Gutter Flow Depth for Inlets on Grade ftorm
Fi Izzard Froude No. for Depressed Curb Inlets -
GLMAX Izzard Depressed Curb Opening Maximum

Length for Weir Phase ftorm
GL1 Izzard Depressed Curb Opening Length One ft orm
GL1929 Izzard Depressed Curb Opening Length

for 100% Interception ftorm
I7TRP Flag for Extrapolation Beyond Last

Point on Inlet Efficiency Curve -
QC Carryover cfs or cms
QI Intercepted Flow cfs or cms
Q Gutter Flow to Inlet cfs or cms
SX Gutter Cross Slope at Inlet (Side Slope 1) ft/ft or m/m
VLOCUS Gutter Flow Velocity at Inlet fps or mps
WLOCUS Gutter Flow Spread at Inlet ft orm
Wp Wetted Perimeter of Gutter Flow at Inlet ft orm
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TABLE IV-13
COMMON BLOCK LAB

Fortran

Variable Description Units
HORIZ Curve label for x-axis None
IT Internal control variable subroutine

HCURVE (PPLOT) None
TITLE Title printed out with graphs None
VERT Curve label for y-axis (British units) None
XLAB Numerical scale labels for x-axis None
YLAB Numerical scale labels for y-axis None
VERTM Curve label for y-axis (metric units) None
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TABLE IV-14
COMMON BLOCK ABEK

Fortran

Variable Description Units
C Concentration of conservative constitu-

ent in channel g/1
CDOT Internal variable, time derivative of

concentration g/1/sec
CLFREQ Interval between maintenance days
DRYDAY Number of dry days prior to storm days
NQS Number of quality constituents None
POFF Rate of mass runoff, later concentration g/sec,mg/1
PSHED Mass of suspended solids on watershed

subarea . grams
QFACT mg constituent per g of suspended solids mg/gram
REFF Fraction of suspended solids removed

by maintenance None
SSFACT Suspended solids ultimate load

(half saturation constants) 1bs/days

TABLE IV-15
COMMON BLOCK CON
Fortran

Variable Description Units
ICTTL Constituent title array None
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TABLE 1V-16

BLANK COMMON

Variable
Name Description Unit

DECAY Exponential decay rate for infiltration 1/sec
DELD Trial change in flow depth feet
DELT Integration time step sec, min
DELT2 One half of a time step sec, min
DFULL Maximum depth of channel feet
DUMMY2 Dummy variabie none
FLOW3 Hydrograph flow value cfs
FLOWOT3 Temporary variable for printing flow cfs
GCON Manning's equation less hydraulic radius none
GDEPTH Depth of flow in channel feet
GFLOW Average channel outflow over time step cfs
GLEN Length of channel feet
GN Manning's roughness coefficient none
GSLOPE Slope of channel ft/mi, ft/ft
GS1, GS2 Channel side slopes, left and right (H/V) ft/ft
GWIDTH Pipe diameter or channel bottom width ft
HGRAPH] Magnitude of variable to be printed in

vertical coordinate of the curve None
HISTOG Time interval between hyetograph input

values sec
HTIME] Time interval to be printed in the

horizontal coordinate of the curve none
IPLOT External numbers of channels and inlets

to be plotted none
INTCNT Printing counter none
INTERY Number of time steps between printed

hydrograph values none
IPRNT External numbers of channels for which

hydrographs will be printed none
IMET Units option flag none
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TABLE IV-16

(cont.)
Variable ‘
Name Description Unit

ISAVE External numbers of inlets for which

hydrographs will be saved none
NAMEW External number of watershed none
ICODE Plot control integer, zero means no plot,

one means plot none
NG Maximum number of channels none
NGTOC Channel connections none
NGTOI Sump inlet connections none
NGUT Array ordering channels from upstream

to downstream none
NHISTO Number of rainfall time intervals none
NHR3 Hour for hydrograph output hr
NHYET Internal number of hyetograph applied

to subarea none
NIN Maximum number of channels draining to

channel, and watersheds draining to channel none
NING Maximum number of channels draining to

sump inlets none
nLoct Node number of hydrograph point none
NOG Total number of channels none
NOW Total number of watersheds none
NPG Control switch for typé of channel none
NPLOT Number of inlets and channels to be plotted none
NPRNT Number of inlets and channels to be pfinted none
NPT Number of points to be plotted none
NRGAG Number of hyetographs none
NSAVE Number of inlets none
NSTEP -Number of time steps in simulation none
NW Maximum number of watersheds none
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TABLE IV-16

(cont.)
Variable
Name Description Unit
NWTOG Channel connection none
NWTOI Sump inlet connection none
OUT3 Temporary variable for printing concentration mg/1
OUTFLW Flow out of the channel cfs
QUAL3 Concentration of quality constituents mg/1
QIN Inflow to channel cfs
QSUR Surcharge volume ft3
RAIN Rainfall rates in/hr &
ft/sec
RI Rainfall rate for the time step ft/sec
RLOSS Infiltration loss ft/sec
SUMI Total infiltration into ground £t3
SUMOFF Total channel flow @ inlets £t3
SUMQW Total flow for each watershed £t
SUMR Total rainfall ft3
SUMST Total watershed storage ft3
TAREA Total area of watershed acres
THISTO Duration of rainfall time intervals min
TIME Current time sec
TIME2 Current time minus half step sec
TITLEZ Description of problem none
TMINS Minutes for hydrograph output min
TRAIN Time when rainfall ends min,sec
TZERO Starting time of simulation sec
WAREA Area of subarea acres,
5q.ft
WCON Modified Manning's coefficients none
WDEPTH Depth of flow on subarea ft
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TABLE IV-16

(cont.)

Variable

Name Description Unit
WFLOW Flow off watershed cfs
WLMAX Maximum infiltration rate in/hr
WLMIN Minimum infiltration rate in/hr
WSLOPE Average slope of subarea ft/ft
WSTORE Depression storage on surface of subarea ft
WWIDTH Average width of watershed ft
x4 X coordinate array for plots
y4 Y coordinate array for plots
ys4 Data file information for plots
YT4 Data file information for plots

Used only in HCURVE and HYDRO

2
3

Used only in HCURVE
Used only in RECAP

fUsed only in GRAPH
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TABLE TV-17
COMMON BLOCK NEW

Fortran

Variable Description Units
AREALK Surface area of detention basin ft2
INLET2 Number of inputs read from tape none
ISAVEZ External numbers of input channels read

from tape none
JOVER Internal number of overbank channel none
LKHYET Internal raingage number for detention

basin none
NAMEG External number of channel none
NGSTO External number of inlet none
NGSUR Internal number of channel receiving

overflows none
NGTO External number of channel to which

subarea drains none
OVRCON Manning's equation for overbank channel,

less hydraulic radius none
OVRDEP Depth of flow in overbank channel feet
OVRDFL Full depth of overbank channel feet
OVRGN Manning's n of overbank channel none
OVRGS1 Left-hand side slope of overbank channel none
OVRGS2 Right-hand side slope of overbank channel none
OVRWTH Bottom width of overbank channel feet
PINLET Input loadagraph cfs x g/1
QI Flow off watersheds into channel during

time step cfs
QINLET Input hydrograph cfs
SUMRL Sum of volume of rain on detention basin 3
TWIDTH Top width of base channel feet
VOLMLK Volume of detention basin ft3
VOL1 Volume of water in channel at start of 3

simulation ft
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TABLE 1V-17

(cont,)
Fortran
Variable Description Units
VOL2 Volume of water in channel at end of 3
simulation ' ft
XFLOW Intercepted flow for inlets on grade cfs
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TABLE IV-18
COMMON BLOCK POLUT

Fortran
Variable Description Units
WFLO Watershed subarea outflow cfs
WDOT Derivative of watershed subarea concentration

with respect to time gm/1/sec
W Watershed subarea concentration gm/1
TABLE IV-19
COMMON BLOCK INFIL

Fortran

Variable Description Units
DEPIN Maximum allowable infiltration inches
RAININ Summation of infiltration inches
TIMEW Time for infiltration rate decay sec
WTYPE Watershed subarea surface type none
NC Number of subareas in each watershed none
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TABLE IV-20
COMMON BLOCK REMOVE

Fortran

Variable Description Units
DET Detention time for 50% suspended solids

removal hrs
TABLE IV-21
COMMON BLOCK TEST

Fortran
Variable Description Units
SUMTI Watershed load to drainage system Kg




TABLE IV-22
COMMON BLOCK TAPES

Fortran
Variable Description Units
JIN Input tape number array None
JouT Output tape number array None
N5 Input device number None
N6 Output device number None

TABLE 1IV-23
COMMON BLOCK MAX

Fortran
Variable Description Units
MAXFLW Maximum computed flow cfs
MAXHR Time of maximum computed depth hrs
MAXMIN Time of maximum computed depth min
MAXDEP Maximum computed depth ft
SURLEN Length of surcharge hy
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TABLE IV-24
COMMON BLOCK INLET

Fortran

Variable Description Units
ITYPG Inlet type in gutters None
ITYPC Inlet type in channels None
ITYPS Inlet type in sump None
W Grate width for inlets on grade ft
A Depression depth for inlets on grade ft
CW Weir coefficient ftl/zlsec
CORF Orifice coefficient None
WS Grate width for inlets in sump ft
AS Depression depth for inlets in sump ft
GLI Inlet length in gutters ft
GLIS Inlet length in sump ft
GLIC Inlet length in channels ft
RD Inlet capacity reduction factor None
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TABLE 1V-25
COMMON BLOCK MISC

Fortran
Variable Description Units
ISTA1A Station number 1 (hundreds) ft
ISTA1B Station number 1 (units) ft
ISTA2A Station number 2 (hundreds) ft
ISTA2B Station number 2 (units) ft
ELEVAI1 Elevation at station 1 ft
ELEVA2 Elevation at station 2 ft
NOGUTTR Number of channels/gutters None
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TABLE IV-26
COMMON BLOCK SLOPES

Fortran
Variable Description Units
ISLOP Reciprocal of highway cross-slope None
SLOP Gutter/channel longitudinal slope None
CSLOP Highway cross-slope None
TABLE IV-27
COMMON BLOCK NOMOG

Fortran '
Variable Description Units
INOMG Gutter inlet simulation option None
INOMC Channel inlet simulation option None
INOMS Sump inlet simulation option None
QINLG Gutter inlet efficiency curves --
QINLS Sump inlet efficiency curves --
DINLG Gutter inlet efficiency curves in Block Data -
DINLS Sump inlet efficiency curves in Block Data --
QINLC Channel inlet efficiency curves -
DINLC Channel inlet efficiency curves in Block Data -~
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EXAMPLE PROBLEM

The remainder of this chapter presents the input and output from
an example problem. The simulated area includes approximately 2500 feet
of highway and 8.5 acres of contributory drainage area.

A schematic diagram of the example problem's prototype is shown

in Figure IV-15. The input data for the problem is given as Exhibit IV-1;
output from the example problem follows as Exhibit IV-2.
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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 I, 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,
Improved Operational Efficiency

and

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 plete se lume official 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, Washingtoen, 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.

b

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.

L4

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.

6. 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.

N

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.

0. 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.

2 3
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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.
4. Improved Materials Utilization and
Durability
Materials R&D is concerned with expanding the
knowledge and technology of materials properties,
using available natural materials, improving strue-
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.

5. 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,

6. Improved Technolegy
Construction

for Highway

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.

7. Improved Technology for
Maintenance

Highway

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.

0. 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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