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FOREWORD

Effective regulatory and enforcement actions by the Environmental
Protection Agency would be virtually impossible without sound
scientific data on pollutants and their impact on environmental
stability and human health. Responsibility for building this data
base has been assigned to EPA's Office of Research and Development
and its 15 major field installations, one of which is the Corvallis
Environmental Research Laboratory (CERL).

The primary mission of the Corvallis Laboratory is research on the
effects of envirommental pollutants on terrestrial, freshwater,
and marine ecosystems; the behavior, effects and control of pollu-
tants in lake systems; and the development of predictive models on
the movement of pollutants in the biosphere.

This report concerns one aspect relating to the distribution of

variables in a well-mixed, coastal plain, estuary. Interested
users should contact the Project Officer for program listings.

q7 Ftrf

A. F. Bartsch
Director, CERL
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ABSTRACT

In July 1975, "A Real Time Model of Nitrogen-Cycle Dynamics in
Estuarine System," by Tavit O. Najarian and Donald R. F. Harleman
(Technical Report No. 204, R. M. Parsons Laboratory for Water Resources
and Hydrodynamics, Department of Civil Engineering, M.I.T.) was pub-
lished. This study presented the development of a water quality
engineering model for nitfogen—limited, aerobic estuarine systems.

The uniqueness of the model lies in its application of real-time
hydrodynamics, that is, the proper specification of mass tramsport
due to changes in magnitude and direction of flow with time in tidal
systems. The model is intended to be used in engineering decisions
regarding the degree of eutrophication due to distributed and point
source loadings in estuaries.

This user's.manual contains a review of the theoretical back-
ground for the oné—dimensional, real-time, nitrogen cycle model, a
detailed discussion of the comﬁuter program including a complete
1listing of the program, and an example of the application of the
model to hypothetical estuarine and river systems.

This report was submitted in fulfillment of Grant No. 800429 by
Professor D.R.F. Harleman under the sponsorship of the U.S. Environ-
mental Protection Agency. The report covers the period from July 1975

to June 1976, and work was completed as of July 1976.
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I. INTRODUCTION AND HISTORICAL DEVELOPMENT

1.1 Introduction

This manual describes the development and the application of a real

time water quality model for estuarine ecosystems. The developed model

solves the one~dimensional continuity and momentum equations to generate

the temporal and spatial variations in the tidal discharges and elevations.

This information is used in the solution of the conservation of mass

equations for the water quality variables. The solution of these equations

employs an implicit finite element scheme to determine the temporal and

spatial variations of the following water quality variables:

1)
2)
3)

4)

5)

6)

Salinity-coupled to hydrodynamics through a state equation,
Temperature-coupled to transformation rates,
Carbonaceous BOD-coupled to dissolved oxygen equation,

Nitrogen-cycle variables - intra-cycle and extra-cycle

coupling

N1 - Ammonia-N

N2 -~ Nitrite-N

N3 - Nitrate-N

N4 - Phytoplankton-N

=z
1

5 Zooplankton-N

2z
1

6 Particulate Organic-N

2
]

7 Dissolved Organic-N

Dissolved oxygen~coupled to CBOD and nitrification,

Fecal coliform.



The structure of the model is arclosed matter flow loop for the
element nitrogen and it is developed under the assumption that the
dominant activity in the estuarine ecosystem is aerobic and that nitrogen
alone limits the growth of organisms. The predominant characteristics

of the model include the following:

1. Strict adherence to the mass conservation principle as applied
to the element nitrogen.

2. The ecosystem model is coupled with a real-time hydrodynamic
transport system as opposed to a tidal-average or slack-tide
approximation.

3. The structure of the model was formulated such that the level
of complexity would not be too complex to the point of
diminishing returns, nor too simplified to the point where
rate-governing parameters must be determined by curve fitting

the available field data.

1.2 Historical Development Through 1975

This model combines the work of many investigators. A brief history
begins with the development of the hydrodynamic section of the model doné
by Gunaratnam and Perkins (1970). They developed a high accuracy
numerical scheme for the solution of unsteady flow in open channels
using weighted residual or Galerkin Techniques (Finite Element Method).
They also developed the framework fo: the application of this solution

. to a network of open channels.
Dailey and Harleman (1972) déveloped a numerical model for unsteady
.

water quality transport also using Galerkin Techniques. This model was

combined with the hyd rodynamic model of Gunaratnam and Perkins and the



resulting combined model incorporated the proposed network formulation.
The Dailey and Harleman network model provided for the prediction of
transient velocities, elevations, and concentrations of salinity,
temperature, B.0.D. and D.0. The salinity intrusion calculations were
pased on the work by Thatcher and Harleman (1972) which provided a
longitudinal dispersion relationship depending upon gross stratification
conditions, thereby freeing the solution from field data requirements
for the determination of dispersion coefficients. The hydrodynamic
calculations are weakly coupled to the salinity distribution through
the salinity-density relationship. Temperature calculations were
based on the excess over equilibrium simplification and the B.0.D. -
D.0. calculations were made with the B.0.D. solution feeding forward
to the D.0. equation. No formal publication of a user's manual was
made due to monetary restrictions and the knowledge that modifications
to the Dailey and Harleman model would be forthcoming.

The temperature portion of the model was reformulated by Harleman,
Brocard and Najarian (1973) so as to incorporate more generally applicable
meteorological parameters into the model and release the constraint of the
constant surface heat decay coefficient and equilibrium temperature
hypotheses.

Applications of the model led to a variety of modifications, the
broadest application being to the St. Lawrence River and Estuary, a study
sponsored by the Canadian Departments of the Environment and Transport
and Quebec Service de Protection de 1'Enviromment and Ministere des
Richesses Naturelles. This study was executed by Surveyer, Nenniger &

Chenevert Inc. and Carrier, Trottier Aubin (1973, 1974). The application



included provisions for control structures and the addition of other
water qualigy parameters including an interactive nutrient model.
Thatcher, Pearson and Mayor-Mora(1975) have described the application to
both riverine and estuarine portions of the St. Lawrence River from
Cornwall to Montmagny, a distance of 275 miles (443 km).

The most recent modification to the network model is the
incorporation of a real-time nitrogen cycle model by Najarian and
Harleman (1975). This most recent addition consists not only of the
calculation of the nitrogen-cycle dynamics in terms of seven forms of
elemental nitrogen, but also has recast the numerical water-quality
solutions of Dailey and Harleman in terms of a higher order finite

element. The need for a published user's manual was recognized by the

National Environmental Research Center, U.S. EPA, Corvallis, Oregon
and their support has enabled the documentation of the model at this
stage of its development. Tt will undoubtably be further modified by

its users ~ but this manual will serve as a necessary common benchmark.



II. DESCRIPTION OF THE MODEL

2.1 Overview of the Modeling System

An overview of the modeling system can be formulated in terms of the
basic function of the model. If one considers the "knowns" and "unknowns"
of this modeling system, it is apparent that the model consists of knowm
geémetry, initial conditions and boundary conditions. 1Its function is to
produce a solution consisting of the flow, surface elevations, and water
quality concentrations (or temperature). Thus in a structured sense the
modeling system can be regarded as, (1) a means of mathematically des-
cribing the geometry of the river or estuary system; (2) a means of
mathematically specifying the initial conditions of flow or of water
quality in the model; (3) a means of mathematically describing the
boundary condition of flow and of water quality; and (4) a means of
mathematically calculating a solution to the appropriate equations so
that the model can predict the unknown hyaraulic and water quality
parameters.

The purpose of this report is to explain to the user of this modeling
system how to prepare input data so as to successfully specify the above
four enumerated constituents of the model. The user can specify a
branching and/or looping network of channels called reaches. Each reach
can be of variable cross—section along its longitudinal axis. Storage
volumes are provided for along the reach and any number of concentrated
or distributed water quality loadings can be specified along each reach.
The flow regime can be that of a river system, steady or time-varying or
it can be that of an estuarine system with an unsteady tidal elevation
driving the circulation at the ocean boundaries in combination with the

upstream inflows. As many applications require a repeating tidal

5



condition and steady tributary inflows this condition is especially
provided for as the quasi steady-state tidal condition.

The model which accomplishes these calculations is available as a
FORTRAN IV program with 4445 source statements (not counting comments)
and consisting of 47 routines. The reason that this computer program is
so large is twofold. First it must be recognized that for the model to
be useful to many users, it must be ablé to_describe a wide variety of
geometries, initial conditions and boundary conditions. In order to
provide this flexibility the computer program must be extensive in terms
of the number of different kinds of conditions for which it can provide
a solution. Secondly, as described in Section 1.2, the computer program
is the result of many different researchers and is a developmental
program. To this date there has been no possibility to stop all develop-
ment and, with the enormous leverage of hindsight, reprogram the entire
computer system with efficiency and simplicity as aims. The result is
a collection of many different subroutines, some of which may seem
awkward. The authors acknowledge the fact that such a computer program
is far from the ideal of today's programming techniques; i.e., structured,
modular, and top down programming, however it has been very useful in its
present form.

2.2 Hydrodynamic Equations

The derivation of the unsteady one-dimensional continuity and
momentum equations used in this model may be found in Daily and Harleman

(1972). The continuity equation is:

ah ~g =
B2+ g =0 (2.1)



and the momentum equation is:

g.g+u.g_,<g.+qgg+g%gA+;_§.sg§+gAﬁggleo 2.2)
where

B = channel top width in ft.

h = depth from water surface to an arbitrary horizontal datum in ft.

Q = cross—sectional discharge in ft3/sec

qL = lateral inflow per unit length in ft3/sec/ft

u = average cross-sectional longitudinal velocity in ft/sec

g = gravitational acceleration in ft/sec2

Rh = hydraulic radius in ft.

A = the cross-sectional area where there is longitudinal flow
in the channel in ft2

C = Chezy coefficient

o] = fluid density

d = depth to the centroid of the channel cross-section in ft.

The Chezy coefficient is expressed in terms of Manning's roughness n.
This permits the natural roughness of the channel to be specified as a
function of x. The spatial and temporal variation of the friction

coefficient is expressed by:

ctx,t) = TR, (x, 011 (2.3)

The cross—-sectional areas used in the momentum equations and the
mass conservation equations are not necessarily the same. In fact, they

differ with the description of channel schematization. Estuaries may



have embayments which store water under the varying tidal atage. These
regions do not contribute to the conveyance in .the longitudinal direction.
Therefore, the cross—sectional area used in the momentum equation is the
area where there is longitudinal flow and the top width used in the
continuity equation is the total top width. On the other hand, the total
cross-sectional area is used in the mass conservation equations to
reproduce the correct volume of the estuary for mixing pollutants.
Detailed considerations of storage and conveyance volumes are considered
in Section 3.1.4.

The numerical solution of the continuity and momentum equations is
carried out in real time, i.e., the tidal discharges Q(x,t) and cross-
sectional areas A(x,t) are computed in intervals of the order of half an
hour. The fundamental reason for the use of a real time formulation of
the transport processes in the ecosystem model as opposed to the more
"economical™ tidal average or slack-tide formulations lies in the fact
that the temporal and spatial distribution of the mass concentrations
of species are neither uniform nor steady within a tidal period in an
estuary. Furthermore, the natural upstream advection of species from
the point of discharge during flooding tide can only be simulated with
'real time' hydrodynamics. A ‘real time' hydrodynamic model can simulate
the tidal flushing of pollutants at the ocean boundaries of estuaries.

It can also simulate the lag in tides between the downstream and the up-
stream reaches in a relatively long estuary.

2.3 Water Quality Equations

Since in streams and estuaries the dominant direction of flows is
longitudinal, the assumption can be made that at any x, a lateral and
vertical homogeneity in the concentration of the variable under investi-

8



gation exists. Thus, we may write the one-~dimensional form of the
conservation of mass equation with internal and external sources and
sinks as:

Ar Ar
i + e
Y — Y

L +d Qo= [A ) %-g]i 2.4

where

c = concentration of a variable, c(x,t) ppm

%{ = instantaneous time rate of change
%; = rate of change in longitudinal direction, x
A = cross sectional area of the stream, A(x,t), ft2

E. = longitudinal dispersion coefficient, EL(x,t), ft2/sec

t

r, = time rate of increase in the mass of a species due to
internal transformations per unit volume, lbs/sec/ft3

r = time rate of increase in the mass of a species due to
external sources per unit volume, lbs/sec/ft3

Y = specific weight of the fluid, lbs/ft3

= 1instantaneous {(tidal and freshwater) rate of flow,

Qx,t), ft3/sec



III. APPLICATION

3.1 Schematization of Natural Geometry

The first step in mathematfcal modeling is a numerical description
of the study area. Charts, maps and other data sources should be
assembled in order to provide the necessary geometric data. As the
numerical description is an approximation of the actual waterbody,
decisions must be made as to the degree of approximation required by
the particular study being made. A trade off between detail of rep-
resentation and higher cost of modeling is inevitable. In some cases
it may be useful to make more than one schematization of the study area,
the two having distinct levels of approximation. This section presents
the steps required to perform a schematization.

3.1.1 Establishing a Network of Reaches

The study area must be represented by a network of reaches of variable
area. The points of confluence of these reaches (nodes) are mathematical
points, that is to say they do not have any volume of water associated
with them. With his chart or map of the study area in front of him,
the user should establish a longitudinal axis for each of the reaches
which define his network. For some very large systems it may be desirable
to set up subnetworks. The longitudinal axis of each reach constitutes
the fundamental reference for all the calculations of hydrodynamics and
of water quality for that reach. The reach geometry will then be
further specified by selecting representative cross—sections along the
longitudinal axis. A typical network for Cork Harbour, Ireland, is
shown in Figure 3.1. Due to the fact that the illustration does not

show depth contours the rationale for choosing the particular network
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is not apparent. Each application has its required level of detail and
this level will determine the selection of reaches. In some cases
water areas can be represented as adjacent storage areas of a reach
instead of being incorporated into the model as additional reaches.
Storage considerations are described in Section 3.1.4.

Figure 3.2 illustrates the topology of the network corresponding to
Figure 3.1. The reaches and nodes must be clearly identified by numbers.
Reaches are identified by numbers which are entirely arbitrary and need
not follow any particular sequence, however the nodes must be numbered
sequentially starting with the number 1. Furthermore, economy of
computation results if the node-numbering system is designed so that
the difference between the node numbers at the beginning and at the end
of each reach is kept to a minimum. The example shown in Figure 3.2
shows a maximum difference of 4.

3.1.2 Vertical Datums

In many cases the geometric data describing the waterbody will be
relative to a single horizontal datum. In cases where an estuary includes
a significant upstream or riverine portion, the nautical charts may
refer to some local water plane such as local mean low water or local
mean river level. Depending on the extent of the waterbody, different
charts may refer to different datums. In such circumstances, and in the
obvious case of river systems, the vertical datums must be known to
the user so that he can correctly relate all vertical geometry to a

common datum.
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3.1.3 Establishing Cross-Sections for Each Reach

The M.I.T. Network Model defines the geometry of the water body along
a particular reach by interpolation between the cross-sectional data
submitted by the user, In this manner the user need define only as many
cross—sections as he finds necessary to represent the principal geometric
features of the reach. For a canal this could be the specification of
one single cross—section. In cases where it is not deemed necessary to
represent the cross-section in great detail, a rectangular, trapezoidal,
or double rectangular schematization may be selected. Otherwise, the
transverse properties of the reach can be described by an irregular
cross—section.

In selecting the number of cross-sections the user should be guided
by the knowledge that the computer program will interpolate linearly
between the defined cross—-sections. This means that in order to correctly
represent geometrical features of importance such as an abrupt widening
of a reach, the user must define a number of cross-sections sufficient
to represent the change in the cross-sectional area.

The user must also specify a computational increment, Ax, that is
small enough to represent changes in geometry. There is always the
danger of defining a Ax that is larger than the distance between two
cross-sections. A rule of thumb could be that the Ax for hydrodynamic
calculations should be at least as small as the shortest distance between
any two user-specified cross-sections. The hydrodynamic calculations will
be made using a computational increment, Ax, that is constant for each
reach, but which may change from reach to reach.

The water quality calculations permit a variable Ax, thereby allowing

14



finer resolutions in those portions of the waterbody where concentration
gradients are the largest.

With the exception of the cross—sections that are rectangular,
trapezoidal, or circular, (Figure 3.3) the cross-sections must represent
not only the ability for conveying water but also the ability to store
water. That is to say for many cases it is necessary to provide for
volumes of water which do not participate in the longitudinal momentum
equations, but none the less must be accounted for in terms of the
continuity equation. Thus a provision has been made called an irregular
cross-section whereby the user can specify the cross-sectional area that
is divided into a conveyance or core area and a non-conveyance or storage
area. Figure 3.4 illustrates the two irregular cross-sections provided,
Figure 3.4a being the general irregular cross-section with storage area,
and Figure 3.4b being the double rectangular cross-section. The double
rectangular cross-section is also referred to as an irregular cross-
section of constant top width, the completely irregular cross-section
being referred to as an irregular cross-section of variable top width.

The parameters used for the hydrodynamic water quality calculations
are functions of depth. For the definition of simple cross-sections this
dependency upon depth can be calculated by the computer program itself.
But for the completely irregular cross—-section of varying top width, the
cross-section must be defined so that the variation of its parameters as

a function of depth 1is specified by the user.
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3.1.4. Cross-Sections for Storage and Conveyance

The need for cross-sections which provide for both a conveyance
,(core) area and a storage area is satisfied by either the constant or
variable top width irregular cross-section. These cross-sections are
those illustrated in Figures 3.4a and 3.4b. The need for storage
considerations comes from two distinct aspects of schematizing the
3-dimensional waterbody to a system of parameters all related to
specified locations along a longitudinal axis. This one-dimensional
schematization requires a provision for portions of the cross-section
which corresponds to water that is not moving in the longitudinal
direction at all, or in some cases is moving relatively slowly as

compared to the water in the conveyance area.

3.1.4a Schematization to Double Rectangular Section

The plan view of Figure 3.5a shows a typical estuary reach
containing an embayment. The water in the embayment does not
participate in the longitudinal tidal transport, however, it fills
and empties with the change of water surface elevation. The embayment
acts as storage, and in cases where the surface area of such
embayments is a significant percentage of the total surface area,

the schematization should represent the storage action.
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The schematization employed is based on the determination of
a conveyance or core area which is defined in terms of a width

and a depth dco . This requires that the user determine an

b
core re

average cross—-sectional area and width for the conveyance area.
This area is then represented in rectangular form by dividing it

by the average width to obtain the depth, d.

Figure 3.5b shows how this core area is joinged to a storage
area. To define the storage area it is necessary to define a
depth of the storage area, d'. This depth, multiplied by the

surface area of storage, A® » ylelds a volume of storage

storage
vstorage' To obtain an equivalent cross-sectional storage area
Astotage’ the volume of storage is divided by the length between

cross—sections Ax. Further division of this cross-sectional
storage area by the storage depth, d' gives the equivalent width,
bstotage’ of the schematized rectangular cross-section. These

relationships area:

v = A° t
storage storage
v
A - _Storage
storage Ax
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8
Astorage - A storage
= —Storage -Storage

bstorage dt Ax
The final relationship shows how the schematization process spreads out
the surface area over the length between cross—sections, Ax.
The data required by the computer program for each section is:

1. the core width, b
co!

re (85)

2. the core depth, d (CORE)

3. the total width, b (B)

total bcore + bstorage

4. the storage depth, d' (DST)

It must be remembered that the depth is with respect to mean water
level, which must be defined for this type of cross-section.

3.1.4b Schematization to Irregular Section, Variable Topwidth

This cross-section is the most general that can be defined, and
is the one which best corresponds to cross-sections found in a natural
environment. It can be constructed from bathymetric surveys, or from
data given in a chart or map. The principal involved in this type of
schematization is that the parameters used by the computer program for
its calculations will be defined as functions of water surface elevation
by the user. This means that the user must provide for each of several
surface elevations the total top width (TW), the core width (CW), the
core area (AREA), the wetter perimeter (WPERM), and the total crosg-
section area (TAREA). The surface elevation at which these values are
to be supplied must be determined by the user. That is to say, the
user must provide a table of incremental surface elevations and the
corresponding parameters. The computer will interpolate within this

table for the values of these parameters when the calculated surface
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elevation lies between the calculated values. Reference 10 describes a
small computer program that has been developed to simplify preparation
of this data starting from a table of offsets and depths taken—off a
nautical chart. Figure 3.6 shows the irregular cross~section of varying
top widths and how its parameters are related to the different surface
elevations.

3.1.5 Simplified Cross-Sections

Simplified cross-—sections as shown in Figure 3.3 are rectangular,
trapezoidal and circular. These cross—sections are specified in terms
of their basic dimensions. For the rectangular and trapezoidal cross-
sections, the bottom width and bottom elevation are specified. For
the trapezoidal cross-section the side slope and bottom elevation are
specified, and for the circular cross-section the pipe radius and
bottom elevation are specified. It should be mentioned that the circular
cross-section option has not been tested and is available only wifh a
constant radius pipe for each reach. The trapezoidal and rectangular
cross-sections can be of different dimensions throughout a particular
reach, or for a prismatic geometry a single cross-section can be specified.
When a single cross-section is specified for the entire reach, a reach slope
specification can be used to relate the prismatic geometry to the common
datum.

3.2 Calculation of Hydraulics

This model's ability to accurately calculate the hydraulics is the
primary ingredient for a successful calculation of water quality. This is
especially true for tidal modeling wherein the correct calculations of the

reversing flow enables a rational approach to the dispersion phenomena
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including salinity intrusion effects, (Harleman and Thatcher 1974,
Thatcher and Harleman 1972). Although it is possible to specify geome-
try, roughness, boundary and initial conditions and then proceed to
predict the hydraulics, it is desirable to have some observed data for
tﬁe purpose of verification or calibration.

3.2.1 Selection of At and Ax

The discretization requirements of the numerical solution to the
hydraulic equations and to the water quality equations are distinct.
This model employs interpolation as a means of allowing the user to
specify distinct mesh spacings (Ax's) for the two calculations. It is
also permissible for the user to specify a water quality At which is an
integer multiple of the hydraulics At. These consideratious lead
to the specification of Ax's and At's for the hydraulics that are, or
can be, independent of water quality criteria.

Within the computer program, the hydraulic time increment is

calculated as:

- duration of time period in seconds
H number of hydraulic increments per period

At

The user supplies the duration of period and number of increments.
For an estuary problem the time period is the tidal period. In the
case of a river, the number of periods is set to one and the duration
of the time period is the duration of the study or run.

The choice of AtH remains an art; however, Gunaratnum and Perkins

(1970) have derived the following criterion for the time step in the
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hydraulic model:

%

v+ec

AtH-i 5.5 (3.1)

where

c = g-é
B
Q = discharge
A = cross-sectional area
g = acceleration of gravity
AxH = hydraulic space increment

B = gurface width

The factor of 5.5 is based on some rather stringent requirements and a
factor of 11 has been used with reasonable results. The choice of AtH
also depends on the choice of AxH’ for which Gunaratnum and Perkins have
also given criteria. 1In actual practice, the choices of AXH and Atu
are usually dictated by practical considerations. Foremost among them 1is
computer time, which will be minimized when AXH and Atn are maximized for
each reach.

The choice of AxH is specific to each reach in the network but is of

constant value within each reach. As mentioned in Section 3.1.3, AXH
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should be at least as small as the closest spacing between user defined
cross-sections, consequently the variation of reach geometry is an
important consideration in the selection of AXH. The numerical opera-
tion in the hydraulic model spans three mesh points; therefore, it is
wise to have a minimum of three or four Ax's in each reach to arrive
at a reasonable solution. This implies that short reaches should be
avoided where possible. In highly irregular channels, it may be
necessary to make a tradeoff between resolution of detail and

computer time. In shallow rivers and estuaries, it may be possible

to use a large AtH, however, care should be taken to see that there
are enough meshpoints to describe the lateral inflows and boundary

conditions accurately.

3.2.2 Boundary Conditions

For subcritical flow, three possible boundary conditions can be

specified. They ére:
(1) The Discharge Q.
(2) The surface elevation Z.
(3) A relationship between Z and Q.

As the M.I.T. Open Channel Network is applicable only to subcritical
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flow conditions (practical considerations), only one time hiétory Z(t),
Q(t) or Z vs. Q is required at each boundary. Typical boundary speci-
fications would be a water surface elevation at the downstream boundary
of a tidal estuary, a discharge boundary condition for upstream flood
flows or releases from a dam, and a Z vs. Q rating curve for control
structures such as weirs, gates and spillways. The concept of a control
structure can be extended to the downstream boundary in long rivers in
terms of a stage-routing condition. Henderson (1966, Chapter 9.8)

shows that for flood routing a loop~rating curve applies, as shown in

Figure 3.7.
Actual Relationship
Basis for linearization
° .
00
o
]
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[/, ]
/

DISCHARGE Q

FIGURE 3.7 STAGE - DISCHARGE CURVE

For flood routing and for uniform flow in straight chanmnels

Q=ca friso -2 3.2)

Equation 3.2 can be used to define the relationship of Figure 3.7.
Gunaratnam and Perkins have used this as a boundary condition inasmuch

as the relationship yields a rating curve. They expand Q in a Taylor
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series in time using the interrupted line of Figure 3.7 as a basis for
the expansion. The Z vs. Q relationship derived in this manner has
given good results in many cases.

Control Structures The model can simulate control structures

within the network itself instead of only at the boundaries. In
general it i s advisable to divide up a large network into smaller
ones, using control structures as the natural points of subdivision.
(This results in large savings in computation costs as well as
organizational convenience.) Such subdivisions would place control
structures at boundaries, but this is not always possible, nor
desirable.

The model permits the user to specify a boundary condition
at the upstream side of the control structure. The upstream side
of the control structure becomes a node in the Network Topology - a
boundary node. The downstream side of the control structure is
also a boundary node, distinct from the upstream node. The boundary
condition applied at this downstream node will be the discharge
calculated at the upstream node at the previous time step or, if
discharge were the specified boundary condition, the specified discharge.
Figure 3.8 shows a typical control structure network where the flow
splits at node 2 into two branches. One branch (or reach) goes
directly to node 5, whereas the other passes through a control
structure. Node 3 is the upstream node of the control structure,

node 4 the downstream node. Confluence occurs at node 5.
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FIGURE 3.8 TYPICAL CONTROL STRUCTURE AT NODES 3 and 4

Rapids Rapids represent a section of river where flow becomes
critical. Although this model is valid for such cases, it becomes
impractical as the discretization increment, Ax, for critical flow
would be very small in order to satisfy convergence criteria. Rapids
are similar to control structures in that they can be studied in terms
of a rating curve. If such a curve can be established by field
measurements then the rapids can be treated as a control structure.

If obtaining such a curve is impractical, two other possibilities exist.

One is to assume a rating curve, such as:

q = 3.33 /2

where q is the discharge per unit width and H is the depth at the head of
the rapids. The other possibility is to treat the upstream boundary of
the equivalent control structure as a stage-routing type boundary.

Ice Cover The effect of ice cover can be introduced into the
numerical solution to the governing equations. Thig i8 accomplished
through relating both the hyraulic radius Rh and the friction factor
(Manning's n or Chezy coefficient C) to the presence of an ice cover

on the surface of the reach.

28



Specifying "Ice Cover" effectively adds the surface width to the
wetted perimeter, thereby decreasing the hydraulic radius which is
defined as the crosswsectional area A, divided by the wetter perimeter
WP.

In applying the ice cover option the user must give careful con-
sideration to the resistance coefficient which he selects for the ice
covered reach. Peter Larsen (1973 and 1969), has made significant
contributions in this field and the user is urged to consult his work
as a means of determining a composite Manning's n which includes ice
effects.

3.2.3 1Initial Conditions

Even for "steady-state' applications it is necessary to supply initial
conditions. This is because the model is a transient model and the steady-
state mode 1s defined in terms of a transient solution that converges to
a steady condition in the case of rivers or to a repeating tidal con-
dition in what is called '"quasi-steady state' in the case of estuaries.

The initial conditions of water surface elevation Z and discharge Q,
should be the best estimate possible. Two means of specifying these
conditions are available. One is to specify them as part of the geometric
definition of each reach. The other is to use values calculated by
previous applications of the model.

3.2.4 Roughness Parameter Calibration and Verification

Assuming that data exists for the waterway being modeled, such data
can be used to calibrate the model. The primary variable for calibration
is the roughness parameter as expressed by Manning's n. The user specifies

th' for each reach or for each user defined cross-section. Although
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experimentally determined relationships for open channel flew (Chow 1959)
can be used as a guideline, the Manning's n values should be adjusted to
make the model‘s calculatfens £it the observed data.

For estuaries, data on tidal range and phase can be used to insure
that the model correctly represents the advective characteristics. This
calibration process is accomplished by varying the channel roughness
(Manning's n) so as to achieve the best fit with data. Often the data is
presented in terms of local tidal range and phase lags for a particular
tidal range at the ocean, or downstream boundary. The tidal runs are
made by prescribing average tributary inflows and holding these constant
for each tidal cycle of calculation. The time-varying surface elevation
at the ocean is repeated for each tidal cycle. Such a repetition of
boundary conditions defines a quasi-steady state condtion. Initial
conditions of surface elevation and discharge can be approximated (or
set equal to zero) and a reasonable approximation of the longitudinal
salinity distribution can be used for an initial candition on salinity.
The numerical model is then run and it has been found that about 5 to 8
tidal periods of calculation will result in tidal elevations and dis-
charges which are essentially the same from one period to the next. This
procedure can be applied for different variations in channel roughness
until the resulting convergent surface elevations give a satisfactory
verification of the tidal data. The study can then be continued using
this distribution of channel roughness. It is noted that the tidal
hydraulics are not very senaitive to small changes in the salinity
dfstrfibution and this s why the adove procedure can be successfully

executed using only an approximate salinity distribution.
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When the calibrated model is applied to a different flow condition
for which data exists, the comparison of model results with data
constitutes a verification of the model. Each verification will have
to be conaidered in terms of the accuracy of the data itself as well as
the degree of precision with which the geometry has been modeled. For
estuarine work it must be kept in mind that the mean range and phase
lags given in Tide Tables do not specify the average tributary inflows.
The representation of storage volumes can also affect the calibration/
verification process. Care must be taken to account for all storage

areas in order to have a more accurate model.

3.3 Calculation of Water Quality

3.3.1 Lateral Inflows and Injection Points

The model provides a general technique for specifying lateral
inflows along the longitudinal axis of each reach. This technique pro-
vides the necessary information in terms of both hydraulic and water
quality inflow. The specification is that of a distributed time-varying
or constant input. Obvious applications arise from cases of overbank
flow and certain tributary inflows, however other cases such as benthic
demand can also be specified.

Although a point source discharge can be specified using the "Lateral
Inflow" specification of zero width, a special "Injection" loading option
is available which eliminates the necessity to specify the hydraulic in-
put. This "Injection” specification should be used only when the injec-

tion loading has no hydraulic¢ significance.
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3.3.2 Selection of Ax and At for Water Quality Calculations

As mentioned in Section 3,2.1, the choice of Ax and At for
the water quality solution can be distinct from the Ax, At used for the
hydraulic solution. This is possible through interpolation from one
spatial discretization system to the other, and through permitting the
Ath to be specified as an integer multiple of the AtH. Detailed
criteria for the choice of Ax and At have been developed by Dailey and
Harleman (1972).

Instead of repeating the detailed considerations for discrecization
given by Dailey and Harleman the following guidelines are presented to
give the user an initial set of values. The actual application will have
its own requirements in terms of precision and its geometry will play an
important part in the trade-off between convergence to a smooth solution
and economies of computation. The ability of the water quality model to
provide for a varying Ax is in itself economical of computation. The
user is reminded that he can make use of this feature by refining his
computational mesh in areas of steep concentration gradients such as
those encountered at an outfall or at a confluence of two reaches of
distinct water qualities.

In choosing Ax the wave number, w, corresponding to an assumed
concentration distribution composed of harmonics is the parameter through
which the user can specify the amount of oscillation which he will
tolerate in his solution. Figure 3.9 shows a nondimensional plot of wave
number versus distance from an injection point, or versus distance from
the head of the reach in the case of a confluence of reaches of different

quality. By selecting a distance x, estimating a value of velocity U,
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and dispersion coefficient E (for example by equation 3.4), Figure 3.9

is used to get a value w_ . With this value of w one can check the
max max

required spacing Ax using the formula Ax i-w 1 . Once x is found by
max

this criteria, At can be estimated by the use of the following two formulae:

2
At < Bx) (3.3)

- 2E

ID
M

At <

It must be remembered tnat the initial x used corresponds to the distance
away from the injection point or source of steep gradient. This is where
the user first wishes to have the concentration calculated. As one gets
further away from this critical point Figure 3.9 can be used to estimate
greater mesh spacings. In order to clarify further this approximate
procedure a simple example follows.

Assume that the dispersion, E equals 50 ft.z/sec. and that U, the
velocity, equals 2 ft./sec. Let us assume that the user would like to
use a Ax of about 500 ft. in the vicinity of an outfall. He would then
calculate the corresponding w using Figure 3.9 as .012 by which the
required Ax would be less than or equal to 83 ft. At this point the
user could proceed to calculate the required At (42 sec.) and abandon
his wish to use a spacing of 500 ft. in the vicinity. of the discharge.
The recalculation of the required Ax 1000 ft. downstream would still
only permit a Ax of 125 ft. 1In such a case it would be advisable to
try several Ax's in order to verify from the model results the effect
of this particular convergent parameter. Inasmuch as different uses of
the model will require different degrees of accuracy the use of the 5

percent cutoff shown in Figure 3.9 as an absolute criterion is obviously



arbitrary. Consequently the user is advised to use these methods as guide-

lines only.
Some typical values used in large estuaries are 20 to 50 time steps
per tidal period and Awa from 500 to 2000 feet. Each application should

be treated uniquely as indicated above.

3.3.3 1Initial and Boundary Conditions

Initial Conditions

An initial condition of water quality concentration is required
for the solution of the partial differential equations. The program has
been written so as to facilitate a direct specification of initial condition
by allowing the user to specify initial concentrations at as few locations
as he finds necessary for each reach, the program performing interpolations
to all the defined water quality mesh locations. If the water q&ality
initial condition is not known and a steady-state or quasi steady-state
solution is desired, the best estimate of the solution should be used as
an initial condition. The computer solution will begin with this estimate
and converge to the desired solution. It is recommended to make use of

the plotting program as a means for measuring this convergence.

Boundary Conditions

The model provides three possible boundary conditions and a
special ocean boundary procedure. The three basic specifications are
concentration, dispersive flux and tqtal flux. Practical consideraticas
will govern the selection of boundary conditions, however numerical
stability imposes a restriction on the use of the dispersive flux

condition. The dispersive flux condition should not be specified at
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boundaries where the flow is towards the other end of the reach. Typically,
this would be at an upstream boundary of a river system. If the concentra-
tion is not known at such a boundary the total flux condition should be
specified by evaluating the inflow times the inflow concentration. In the
case of an ocean boundary, a special feature is included to permit the

user to specify a concentration during part of the flooding flow only.

In this way the concentration calculated at the end of the ebbing flow (at
low water slack) will serve as the beginning concentration of an exponen-
tial relationship between the user-specified ocean concentration and the
low water slack concentration. Figure 3.10 illustrates how the down-
stream boundary concentration is divided into two types: an outflowing
time period wherein the boundary formulation is specified internally by

the computer using a dispersive flux condition, and an incoming time
period, during which the computer program exponentially interpolates
between the low water slack concentration and the user specified ocean
concentration using a time constant supplied by the user. The formula

for this flooding flow concentration boundary condition is as follows:

C = (internally calculated using dispersive flux Ebbing Flow
Q>0
~k(t-t, ) -
WS
C° + (Co-cnws)e Féogdéng Flow
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FIGURE 3.10 OCEAN BOUNDARY WATER QUALITY CONDITIONS
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3.3.4 Dispersion Relationships

The longitudinal dispersion coefficient is determined by summing
the effects of density induced circulation due to salinity gradients
and the mixing due to the actual non-uniformity in the velocity profile.
Thatcher and Harleman (1972) have verified a hypothesized dispersion

coefficient which is expressed by:

E(x,t) = K lif- +mE, (3.4)
ox

where
E(x,t) = temporally and spatially varying dispersion
coefficient, ftzlsec
K = estuary dispersion parameter = 0.002 uoL(]ID)-]'M,

ftzlaec

e
]

maximum velocity at the ocean boundary, ft/sec
L = Jlength of estuary to head of tide

2
IED = estuary number = P IF /QfT

P = tidal prism (volume of water entering the estuary

t
2 T 3
on flood tide) = 7Y% Ao L ft
Il'o = densimetric Froude number =
_ o
Ap
o
—) h
v 8¢ 5 )
8 = acceleration due to gravity, ft:/sec:Z
do P, = P
—‘-)-— = galt-water; fresh-water density difference =
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h = mean depth of estuary, ft
Qf = rate of fresh water inflow, ft3/sec

T = length of tidal period, sec

8
s = = where s = s(x,t) = the temporal and spatial
o

distribution of salinity, ppm

8 = ocean salinity, ppm

]
]
1]

x = distance from the ocean boundary, ft
m = a multiplying factor for bends and channel irregularities

E_ = Taylor's dispersion coefficient = 77 u n Rh5/6, ft2/sec

e
]

u(x,t) = tidal velocity, ft/sec

Manning's friction coefficient

=]
L]

hydraulic radius, ft

o

3.3.5 Salinity Modeling

Salinity distribution is handled as a conservative substance. The
source of salinity in an estuary netwrok is the ocean which is usually
the boundary of the estuary. Salinity is also coupled to the hydro-
dynamic equations through the salinity-density relationship.

The one-dimensional mass conservation equation for this parameter

is:

3 3 3 3s . , Mg
ST(AS) + 57(Q8) = 5(AR 52 + —— (3.5)

where S is the concentration of salinity in mg/f and all other terms

have been defined previously.

39



3.3.6 Temperature Modeling

The mathematical model for transient temperature distribution in
unsteady flows has been developed in Harleman et al. (1973). The inputs
to the model are: (1) the ambient atmospheric temperature in °F, (2) the
percent relative humidity, (3) the wind velocity at 2 meters above the
water surface in mph, (4) atmospheric pressure in mm Hg, (5) net solar
flux and net atmospheric flux At the surface of the water in BTU/ftzlday,
and (6) waste heat discharged into the ecosystem in BTU/ft/day. 1In
cases where the temporal and spatial variation of temperature is not
desired, constant water temperatures must be specified because all
transformation kinetics are temperature dependent.

The one-dimensional mass conservation equation for this parameter

is

oz, , POG®  up

] ] ]
FcAT) + 5;(QT) = 'a-;(AE 'a;) +— e ¥y (3.6)

where:
T = cross-section averaged temperature in °F
b(x) = top width of channel in ft
¢n(t) = net heat flux into water surface in B'mlftzlday
WHD = waste heat discharge in BTU/ft/day
Y = specific weight of water in 1b/ft3
¢ = gpecific heat of water in BTU/1b/°F

THD = tributary heat discharge in BTU/ft/day



3.3.7 Carbonaceous B.0.D. Modeling

Carbonaceous B.0.D. 1is handled as a first order decaying substance
in the classical manner. The inputs to the model are the upstream and
downstream boundary fluxes and the discharges from municipalities,
industries, and storm runoff. CBOD is coupled in a feed-forward
manner to the dissolved oxygen (DO) equation.

The one-dimensional mass conservation equation for CBOD is:

Q—(AC)+§—(QC)=§—[AE§£]—A c+f-‘3 3.7
3t 3% 3% AE 3¢ Kpop Y -7

where
C = concentration of CBOD in mg/%

KBOD = rate of CBOD decay in 1/day

The reaction rate is assumed to be temperature dependent only

according to the form below:

(T-20) (3.8)

KBOD(T) = KBOD(20°C) )

where T is the temperature in degrees centigrade. The values of
KBOD(20°C) and O may be stipulated by the user or the program default

values described in Section 5.4 may be used.

3.3.8 Nitrogen Cycle Modeling

The nitrogen cycle structure is presented in Figure 3.11. The
model is developed for aerobic-estuarine ecosystems and includes seven
storage variables and twelve transformations of nitrogen between those

variables. The storage variables include: (1) Nl, Ammonia-N, (2) NZ’
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Nitrite-N, (3) N3, Nitrate-N, (4) N4, Phytoplankton-N, (5) NS’ Zooplankton-N,
(6) NG’ Particulate Organic-N, (7) N7, Dissolved Organic-N. The
transformations include: (1) nitrification (2) uptake of inorganic
nitrogen by phytoplankton (3) grazing of herbivores (4) ammonia
regeneration in living cells (5) release of organic matter from living
cells (6) natural death of living organisms and (7) ammonification of
organic nitrogen.

In Figure 3.11, the boxes represent the various storage variables
of the element nitrogen. The solid lines show transformation pathways.
The cross marks (x) on the solid lines represent functions which
determine the speed of the transformations. The functions are dependent
on the storage variables and external envirommental inputs (e.g., temperature
and light). Dashed lines indicate the transfer of information from
storage variables to the rate decermining functions.

The conservation of mass equations for the nitrogen cycle

variables are:

N
P 2 9 1
SeAN)) + 52(QN)) = S(AE 55) + AR (N, + ARG N, + AR,,N, -
Ar (3.9)
“1“4 e1

T Ay A P T

Arx
2 ) +2 QH)-a—CAE-?E&)+ N, - AR,N, + —2 (3.10)
arANp) + 50(0N;) = FUAE 52°) + AR N, ~ AR).N, + — .
N.N A re

3

3N
STmy) + (i) = e ) + ary N, - R R (3.11)

232 "R G r R, T Ty
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oN N,N N,N

sean) + 3-av) = e b + av, #ﬁq A3 ﬁ i
(3.12)
N,Ng i e,
ARas—Ez.——*—N: - ARy + Ryo + RN, + ——
3 2 D (g 5 s
arWs) +ox(Wg) = rAB 50 * AR5k v W, AlRse Y RsNs * (3.13)

Ar

3—(AN)+3—(QN)-3—-(AE§-6-)+ARN + AR__N_ - AR__N +Are6 (3.14)
gt ANg) + 51 (QNg) = ST UAE o 46V4 56\ 676 ¥ Y .

)y + 2@y = o am ) + AR, N, + AR - N+A—fi7- (3.15)
ot ANy) + 52(QN,) = 57(AE o2 414 66 ~ ARy 1Ny Y .15

The description of the twelve transformation processes considered
in the nitrogen cycle model as shown in Figure 3.1l are presented
here. Table 3.1 shows the matrix of all the assumed transformations in
the model. The model structure has been developed so that improvements
and modifications of rate determining expressions can be made. For a
detailed discussion of these transformations, the user is referred to
Najarian and Harleman (1975), pages 107 to 148. A short description
of the functional dependencies of each transformation is presented

below.
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TABLE 3.1 TRANSFORMATION MATRIX FOR AN AEROBIC ECOSYSTEM

N,

N

Ng

N03—N

PHYTO-N

ZOOPL~N

DON

DON

R4

TR23

34

41

45

TR

TRy

TRSl

TR56

67

71




T T
- |= - |2 <
h, (T) T exp | 1~ [ for 0 <T <T_ (3.21)
opt opt
T - Topt g
=1 «d —-°Pt
hz(T) 1 T _—- for Topt <T <Tmax (3.22)
max opt

T = temperature of water, °C

Topt = optimum temperature for uptake, °C

Tmax = maximum temperature for uptake, "C

n = a constant = 2.5

m = a constant = 2.0
This function is shown graphically in Figure 3.12.

Uptake of Nitrate-N by Phytoplankton, TR34

This process is also characterized by functions for light
and dark hours.

R34(I,H,ke,T) =R g(I,H,ke) . hl,Z(T) in light (3.23)

RBA(T) =R . hl,Z(T) in dark (3.24)
where

N
R= (RMIN)34 + 1 - ﬁ; )(RMAX:M - RHIN34) for N1<: Nlc (3.25)

c
(RHIN)34 = minimum nitrate uptake rate by phytoplankton, day—1
(RHAX)34 = maximum nitrate uptake rate by phytoplankton, day"l

N = concentration of NH3—N above which N03-N uptake is

1
c

a constant
This is shown graphically in Figure 3.13.
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Grazing of Zooplankton, TR45

This process 1s characterized by functions for light and dark

hours.
R45(T) = (RMIN),'5 . hl’z(’l‘) in light (3.26)
9
where: -
sin 12 (t - 18)] for 18 < t < 24
z(t) = : -~
sin[ll?_(t+6)' for 0 <t < 6
t = time of the nigﬂi in hours (real time)
(RMIN)45 = minimum zooplankton grazing rate, day_1
1

(R )45 = maximum zooplankton grazing rate, day-

For the remaining nitrogen cycle transformations (listed below),
the reaction rate is assumed to be temperature dependent only according
to the form:

R(T) = R(20°C) 6 T~20)

where T = temperature in degrees centigrade. This applies to the

following transformations:

Ammonia Regeneration by Phytoplankton, TR41

Ammonia Regeneration by Zooplankton, TR51

Release of Particulate Organic Nitrogen by Phytoplankton, TR46

Release of Particulate Organic Nitrogemn by Zooplankton, TR56

Release of Dissolved Organic Nitrogen by Phytoplankton, TR47

Hydrolysis of Particulate Organic Nitrogen to Dissolved

Organic Nitrogen, TR67
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Hydrolysis of Dissolved Organic Nitrégen to Ammonia, TR71

Default values for all of the above nitrogen cycle coefficients
are given in the Program. The user may override these and stipulate
values of his choice as described in Section 5.4.

3.3.9 Dissolved Oxygen Modeling

The computation of the temporal and spatj.al distribution of
dissolved oxygen is coupled to CBOD and the nitrogen cycle‘. A
limited number .of sources and sinks are considered. The sinks of
DO are the oxidiation of C-BOD, NH3-N and N03~N. The sources of DO
are atmospheric reaeration at the water surface, and DO contained in

waste discharges and lateral inflows.

The conservation of mass equation is written in terms of

dissolved oxygen deficit (DOD) as below.

3 3 (opy = 2 (ag 32 ~
Bt(AD) + ax(QD) = ax(AE Bx) + A KBODC + 3,43 ARlle + 1.14 AR23N2 -

AD_Are.
re Y

where:

D = dissolved oxygen deficit (DOD) in mg/%

e  Tate of reaeration in 1/day

In the above equation, the only reaction rate which has not been
discussed is the reaeration coefficient, Kre' This rate is expressed
as a function of temperature, channel velocity, and geometry (i.e..

total top-width, cross-sectional area, and depth).
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(T~20) VO'6 Total Top Width
H1.4 Total Cross—Sectional Area

K.o= 10.86(1.016)

where

T = temperature, °C

V = velocity, ft/sec

H

depth, ft
Topwidth is in feet

Cross-sectional area is in ftz

The values of 10.86 and 1.016 are the default values used in
the program for these coefficients. The user may stipulate his own

values as described in Section 5.4.

3.3.10 Fecal Coliform Modeling

Fecal coliform modeling is handled in the same manner as CBOD.
Decay is a first order process and the inputs to the model are
boundary fluxes, direct point discharges, and lateral inflows.

The one-dimensional mass conservation equation is:

9 9 3 aF Are
—a'E'(AF)+§;(QF) =3—;[AE 'a—x] —AKFCOLF+'TY— (3.31)
where:
F = concentration of fecal coliform
Keco = Tate of fecal coliform decay in 1/day

The reaction rate is temperature dependent and of the form:

Keoor (D = Kgoop, (20°0) g (T-20) (3.32)
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where T is the temperature in degrees centigrade. The values
KFCOL(20°C) and © may also be stipulated by the user or the program

default values described in Section 5.4 may be used as for the case of

CBOD.
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IV. STRUCTURE OF THE COMPUTER PROGRAM

The general structure of the computer program is illustrated in
Figure 4.1. It is essentially a time-step procedure with the option of
calculating either the hydraulics, the water quality concentrations or
both. When only water quality is selected the hydraulics must be
specified. The river or non-tidal case is handled as a single time
period.

For steady-state hydraulics a convergence criteria is provided as
well as a maximum number of tidal cycles should the specified criteria
not be obtained. Steady-state water quality calculations are only
steady-state with respect to hydraulics. The water quality concentrations
are, in fact, transient and a real steady-state solution must be obtained
through running the program until satisfactory convergence is obtained.

A more detailed flow chart is shown in Figure 4.2. 1In this figure
programming sections are identified by the FORTRAN subroutine name.

At this level of detail some familiarization with the program itself is

assumed.
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V. PREPARATION OF INPUT DATA

5.1 Description of Card Groupings

The following sections (5.2 - 5,10) include the input data required
to run the model. Each card with its associated input information is
listed on a separate page.

Card Group A includes information regarding solution options. Here
it is stipulated which solutions (hydraulic and water quality) will be
executed and which water quality parameters will be modeled. Time
parameters stipulating the duration of the run and the time step of in-
tegration, and the network topology (identification and sequence of reaches)
is also provided.

Card Group B provides the geometric information (i.e., the physical
properties of the channel), and the computational mesh spacing and initial
conditions required for the hydraulic solution. This group is repeated
for each reach in the sequence as given in Group A.

Card Group C provides values of rate coefficients for those water
quality parameters being modeled. The coefficients may be specified for
the entire network (cards c-b and c-c) or may be specified for each individ-
ual reach (cards c-d and c-e). If the user does not with to specify values,
the program will automatically use those default values listed in Tables
5.3, 5.4, and 5.5. In this card group, the computational mesh spacing
for water quality calculations and initial conditions for water quality
parameters are also specified.

Card Group D describes the location, magnitude and quality of any
lateral inflows being considered. Lateral inflows are considerd for both

the hydraulic and water quality solutions.
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Card Group E describes the same information for any injections
(e.g. sewage treatment plant or waste heat discharges) of water quality
parameters. Injections are considered only in the water quality solution.
For hydraulic purposes they are considered passive, that is they have no
effect on the flow field in the receiving water. If in actuality the
flow rate of a discharge is significant when compared to the flow rate of
the receiving water, then it must be modeled as a lateral inflow of zero
width (i.e. DXLAT = 0.0 on card d-c-1).

Card Group F stipulates the hydraulic boundary conditions to be
applied at each node in the network. These have been described previously
in Section 3.2.

Card Group G allows the user to selectively view output from the
hydraulic solution. The output can be requested in two forms - (1) a
hydrograph which displays the parameters at a given mesh point as a
function of time and (2) a hydraulic profile which displays the parameters
at a given time increment as a function of distance. The hydraulic
parameters displayed are surface elevation, depth, discharge and velocity.

Card Group H stipulates the water quality boundary conditions to be
applied at each node in the network. These have been described previously
in Section 3.3.

Card Group I allows the user againto selectively view output. The
water quality solution also méy be displayed in two forms - (1) water
quality graphs, i.e., paraméters as a function of time, and (2) water
quality profiles, i.e., parameters as a function of distance. All of the

water quality parameters stipulated on card A-d will automatically be

displayed.
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The sequence of the input card groups is important to note, Certain
of the card groups (D,E,F,G,H,I) for particular cases must be repeated
several times corresponding to the number of periods for which the
solution is executed. Refer to cards A«b and A~c. If the hydraulic
solution is transient, IOPT(2) = 2, groups D, F, and G must be repeated.
If the water quality boundary and inflow specifications are made for
several time periods, JOPT(2) = 2, groups E, H, and I must be repeated.
For a simple example, consider the case of a waterway being modeled for
three time periods with IOPT(2) = 2 and JOPT(2) = 2. Then the sequence
of the input data card groups would be as follows: A, B, C, D, E, F, G,

H, I, D, E,F, G, H, I, D, E, F, G, H, I.
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CARD

5.2 CARD GROUP A

SOLUTION OPTIONS,
TIME PARAMETERS,
NETWORK TOPOLOGY

59

TYPE
Switch to Disable Execution
Title Card
Hydraulic Solution Optionms
Water Quality Solution Options
Water Quality Parameter Options
Prototype Time Parameters
Network Parameters

Reach-Node Connectivity Cards
(one per reach)

Control Structure Identification
Cards



SWITCH TO DISABLE EXECUTION

LEWSW

110

0T
0z

Q9

)4

09

LEWSW = 0

LEWSW ¢ 0

Execution enabled
Execution disabled, input data will be

processed
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TITLE CARD

T

DESCRIPTION OF RUN IDENTIFYING OUTPUT FOR LATER REFERENCE

FORMAT (20A4)

0T

0z
—r—
0%

Q9

UL
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HYDRAULIC SOLUTION OPTIONS

Z9

IOPT(1) IOPT(2) I0PT(3) IOPT (4) LQPT(5)
I10 110 110 110 110
ON -]
i W H H H B F
IOPT(l) = 1, solution computations executed
2, solution computations deleted
IOPT(2) = 1, steady state river or quasi-steady gtate estuary (i.e. repreating tidal hydraulics)
2, transient solution
IOPT(3) = 1, solution storage to sequential data set executed
2, solution storage to sequential data set deleted
IOPT(4) = 1, river network - waterway characterized by single time period
2, estuary network - waterway characterized by more than one time period
IOPT(5) = 1, hydraulic initialization read from sequential data set
2, hydraulic intialization taken from data deck

If IOPT(2) =

2, Card Groups D, F, and G must be repeated as many times as there are
periods (e.g. for a transient, estuary network of five time periods,
five sets of card groups D, F, and G must be included.)

q-V quvd




WATER QUALITY SOLUTION OPTIONS

The computer program assumes that if the hydraulic solution is deleted and the water quality
solution 1s executed, then the hydraulics necessary for the water quality solution will be
read from storage, i.e. IOPT(5) =1

JOPT (1) JOPT(2) JOPT(3)

I10 I 10 I10

€9

114

01
0z
14

— 0%

0%

09

0f

JOPT(1) = 1, solution computations executed
2, solution computations deleted

JOPT(2) = 1, boundary and inflow specifications made for one time period (for an estuary,
these will be used for each tidal period)
2, boundary and inflow specifications made for one or more time periods

JOPT(3) = 1, solution storage to sequential data set executed
2, solution storage to sequential data set deleted

If JOPT(2) = 2, Card Groups E, H, and I must be repeated as many times as there are periods.
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WATER QUALITY PARAMETER OPTIONS
Delete if only hydraulics is being computed, i.e. IOPT(l) = 1 and JOPT(1l) = 2

NPARM NTAY

L 10 110

[1Y4

3 H F

0%
Q9

Ul

99

NPARM - Total number of water quality parameters being modeled,

whether calculated or read-in from a previous calculation
(see Table 5,1).

N-cycle is counted as one parameter in this case.
(There are 7 N-cycle components)

NTAY - integer multiple of Taylor Dispersion Coefficient to account
for lateral mixing. (E = NTAY * 77 U(t) R 3!6)
If left blank NTAY defaults to 1. h
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Table 5.1

Water Quality Parameter Abreviations (N-Cycle gs a group)

(Card A-d-2)
Abreviation Parameter
S Salinity
T Temperature
CBOD Biochemical oxygen demand
(Carbona ceous)
NUTR Nutrients: 1) Ammonia Nitrogen,

2) Nitrite Nitrogen,

3) Nitrate Nitrogen,

4) Phytoplankton Nitrogen,

5) Zooplankton Nitrogen,

6) Particulate Organic Nitrogen,
7) Dissolved Organic Nitrogen

DO Disgsolved Oxygen

FCOL Fecal Coliforms
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Table 5,2

Complete Symbolic Identification of Water

Quality Parameters and Sequence of Identification

Abreviation Parameter
S Salinity
T Temperature
CBOD ' Carbonaceous Biochemical Oxygen Demand
NH3 Ammonia nitrogen
NO2 Nitrite nitrogen
NO3 Nitrate nitrogen
PHYN Phytoplankton nitrogen
ZOON Zooplankton nitrogen
PON Particulate organic nitrogen
DON Dissolved organic nitrogen
DO Dissolved oxygen
FCOL Fecal coliforms
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PARAMETER CARD
Delete if only hydraulics is being computed, i.e. IOPT(1l) = 1 and JOPT(l) = 2

One card per parameter being modeled (nutrients as a group)

WQPAR(I) INOP outop DOCALC

A4, 6X I10 I10 I10

09

 § K H ¢

4] 4

08

)]
~ WQPAR(I) - Abrevation of Water Quality Parameter as given in Table 5.1 .
(start in card column 1)

INOP = 0 or blank, Parameter is calculated
1, Parameter is read-in (Temperature and BOD only)
2, Parameter is of constant concentration as specified
by initial conditions (Temperature and BOD only)

OUTOP = O or blank, no offline storage or output
1, output stored on sequential output file

DOCALC = blank except for Dissolved Oxygen (D.O0.)

= 1, DO calculated as a function of C-BOD alone
= 2, DO calculated as a function of N-BOD
= 3, DO calculated as a function of both C-BOD and N-BOD

¢-P-V MIVD




PROTOTYPE TIME PARAMETERS

NPER NINC PERIOD RATIO MAXITR EPS LPER NRINC
I110 110 F 10.5 F 10.5 110 F 10.5 110 110
seconds decimal

i

/74

i

09

UL

See Next Page for Description of Parameters
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NPER = number of periods the solution is to propagate. Specify 1
in the case of a river system.

NINC = number of time increments within each period for the hydraulic model.

At = PERIOD/NINC. See discussion earlier in manual for stability
criteria At £5.5 Ax/U + ¢

PERIOD = length of prototype time period in seconds. In estuaries, it is
convenient to use the tidal period. For river systems, this is
the total time being modeled.

RATIO = ratio of the water quality time increment to the hydraulic time increment.

_ At

KEEQ » such that number of quality increments = integer {oumber of h¥g§§:1ic increments)
H .

(May be left blank if water quality computation is to be deleted.)

MAXITR = maximum number of iterations allowed the program to compute a
steady-state hydraulic initial condition (for an estuary the

iteration is equal to the period; for a river the iteration is equal
to AtH)

EPS = the maximum allowed change in the discharges at each mesh point from
one tidal period to the next. This defines a steady-state initial condition.

EPS <1.0 —(QT_l/QT)

LPER = number of lead-in periods of hydraulics to be read from tape before
solution starts. This parameter is only used for extending file

containing hydraulic solution and for water quality computations in
an estuary.

NRINC = number of time increments of lead-in for river studies (excluding
initial data). Use only if file is being extended.

-V @IvD



NETWORK PARAMETERS

NREACH

NNODE

NCTR

I10

I10

I10

0L

Yot

7

|

0z

;

Q9

[¢] 4

NREACH = number of reaches in the network

NNODE
NCTR

= number of nodes in the network

= number of control structures

3~V @vo




REACH-NODE CONNECTIVITY CARDS (ONE PER REACH)

Repeat the connectivity cards for all reaches. The reaches can
be given any numerical number, however, the nodes in any network must
be numbered consecutively from 1 to n.

K IRCH(K) IREACH(K,1) IREACH(K,2)
10 110 110 I10
b
: ' " F 2 s
~
[
K = gequence number of reach numbers
IRCH(K) = numerical identification of the reach to which the
information applies
IREACH(K,1) = number of the node at the upstream end of the reach
(the end from which the distances are given 1is the
upstream end)
IREACH(K,2) = number of the node at the downstream end of the reach
Ex: K IRCH IREACH(K,1) IREACH(K,2)
1 10 1 2
2 13 2 3
3 15 2 4
4 8 3 5
5 7 4 5




CONTROL STRUCTURE IDENTIFICATION CARDS ~ Necessary if NCTR ¥ 0

This card must be repeated according to the number of control structures, NCTR indicated
on card A-f - delete if NCIR = 0

ICRS(1,1) ICRS(I1,2)

I10 I 10

0%
09

i H P

[1YA

(44

ICRS(I,1) = node at upstream end of control structure
ICRS(I,2) = node at downstream end of control structure

y-v @avo




5.3 CARD GROUP B

HYDRAULIC DESCRIPTION OF THE REACHES

TYPE
Reach Identification
Reach Characterization Card
Reach Parameters
Elevation Table Parameters

Cross—-section Geometry Parameters
(repeat for each cross-section)

Irregular Cross-section, Constant
or Variable Top Width

Irregular Cross-section, Constant
Top Width

Irregular Cross-section, Variable
Top Width

NOTE: The cards in Group B constitute a package for
a single reach. This package of cards is repeated
for each reach, and must be in the sequence specified
by the reach-node connectivity cards.
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REACH IDENTIFICATION

DESCRIPTIVE INDENTIFICATION OF THE REACH

FORMAT (20A4)

01

0z

(14

L 74
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REACH CHARACTERIZATION CARD

174

JK IS(X) IP (K) ISL(K) ICE(K) IDTABL (K)
I10 I10 I10 110 10x I 10 I10
O N
JK = numerical identification (IRCH(K)) of the reach to which the information applies, the reaches
must be in the same order as that specified by reach-node connectivity table
IS(K) = specifies the shape of the channel cross-section within the reach
1, irregular
2, rectangular
3, trapezoidal
4, circular
IP(K) = 1, prismatic channel along the length of the reach
2, non-prismatic channel (varying width or land depth)
ISL(K) = 1, botton slope of reach constant and given on Card B-c
2, bottom slope variable and computed from bottom elevations at each section
ICE (K) = 0 or blank, no ice cover

1, ice cover; hydraulic radius will take cover into account

IDTABL(K) = 1, print interpolated tables of geometric parameters
0, no table printout

q-9 @vD




REACH PARAMETERS

9L

SL(K) SS(K) XMANN (X) TL(K) DX (K)
F 10.5 F 10.5 F 10.5 10x F 10.5 F 10.5
ft/ft ft/ft ftl/6 ft. ft.
ON -
5 g b e : : ;
SL(K) = bottom slope of the channel if it is to be specified. Can be left blank if ISL(K) = 2
SS(K) = gide slope for a trapezoidal channel. Can be left blank if IS(K) # 3 (SS = vertical
per unit horizontal) ’
XMANN (K) = Manning coefficient, for the entire reach. This can be overridden at individual
sections (Card B-e) '
TL(K) = total length of the reach from upstream to downstream node
DX (K) = initial estimate of the computational mesh spacing in reach K. Final value of

DX(K) is computed in the program to make sure that the reach length is divided
into equal increments (in feet). DX(K) must be compatible with the hydraulic
time increment At, NINC Card A-e.

o= @IVD
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ELEVATION TABLE PARAMETERS

An internal table of parameters as a function of elevation will be generated. IIZ is the number of

entries in this table, and should be a number sufficient to
H1(K) and H2(K) represent the expected min

from the table.

permit reasonable interpolation of values

imum and maximum wgggrgg;fﬁggvelevations
NS(K) I1Z (K) H1(K) H2 (K)
I10 110 F 10.5 F 10.5
ft. ft. :
1k i H A F
NS(K) = number of cross-sections in the reach at which geometric information is provided. It must be

IIZ(K) =
HL(K) =

H2(K) =

at least 1, as will be seen in the discussion preceding the definitions of cross-section
geometry parameters.

number of entries in elevation tables of geometric parameters.

minimum elevation entry for reach K in the case where the elevation tables are to be
calculated for a rectangular, trapezoidal, circular or constant top width irregular
cross-section. This is the minimum expected water surface elevation for the reach.

maximum elevation entry for reach K in the same cases. This is the maximum expected
water surface elevation.

For the case of an irregular cross~section, variable topwidth,
it 1s not necessary to specify H1(K) and H2(K).
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CROSS-SECTION GEOMETRY PARAMETERS (repeat for each cross-section)

Cards B-e, B-f, B-g and B-h constitute the cross-section subpackage, which must be supplied for each data cross-
section indicated by the parameter NS(K). For a prismatic cross-section of regular geometric shape (IP(K) = 1)
only card B-e is necessary. Cards B-f and either B-g or B-h are supplied only if the cross-section shape is

WW&Q# 1)
TLX(K,J) BW(K,J) BEL (K,J) R(K,J) Z(K,J) Q(x,J) FCOEF (K,J)
F 10.5 F 10.5 ? 10.5 F 10.5 F 10.5 F 10.5 F 10.5
ft. ft. ft. ft. ft, cfs

i H H H H _A_F

le—TLX ———-’|
& TLX(K,J) @

distance from upstream end in feet to cross~section J in reach K. { 1} 3

BW (K,J) = bottom width at TLX(K,J). Supplied for rectangular and trapezoidal cross-section shapes.
Fill in 1f IS(K) = 2 or 3, otherwise leave blank.

BEL(K,J) = bottom elevation at TLX(K,J). Required when bottom slope is not specified, and required
at final cross-section of each reach when slope is specified for prismatic section.
Final cross-section of reach must be used when only one section is described.

R(K,J) = pipe radius at TLX(K,J). Leave blank if channel shape is not circular. (At present,
the program allows only a constant radius pipe.)

Z(K.J) = estimate of initial water surface elevation at TLX(K,J).

Q(K,J) = estimate of initial discharge at TLX(K,J).

(1f any) specified for the entire reach. Can be.left blank if coefficient

FCOEFF (K,J) = Manning's coefficient for this section. This value will replace the value g
defined on Card B-c. b
o




~
L -]

IRREGULAR CROSS-SECTION, CONSTANT OR VARIABLE TOP WIDTH
Card B-f is supplied only if the cross-section shape is specified as irregular, thus IS(K) = 1.

ITW

T 10

01
0z
ot
[ 0Y |
0% |
09
1]

0
15}

ITW = 1, for constant top width
ITW = 2, for variable width
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IRREGULAR CROSS~SECTION, CONSTANT TOP WIDTH

Card B-g is supplied only 1f IS(K) = 1 and ITW = 1.

calculating section parameters.

Refer to figure below for procedure of

B BS DST DCORE
F 10.5 F 10.5 F 10.5 F 10.5
ft. ft. ft. ft.
~
7 & ; i i
B = total topwidth in feet
BS = core topwidth in feet
DST = schematized depth of storage area
DCORE = schematized depth of core area
B
< >
BS 'l
: +
! STORAGE DST

CORE

__"DCORE "_

SCHEMATIZED SECTION

8- @W




IRREGULAR CROSS-SECTION, VARIABLE TOP WIDTH

Card B-h is supplied only if IS(K) = 1 and ITW = 2.
the number of elevation entries indicated by IIZ(K).
increasing depth.

This card is to be repeated, corresponding to
These cards must be arranged in order of

HEAD (K,J,I) ™W(EK,J,I) CW({K,J,I) AREA(K,J,I) WPERM (K,J,I) TAREA(K,J,I)
F 10.5 F 10.5 F 10.5 F 10.5 F 10.5 F 10.5
ft. ft. ft. ft.2 ft. ft.z
= 3 ]S }8 3 S

o)
= HEAD(X,J,I)

TW(K,J,I)
CW(K,J,I)
AREA(K,J,I)
WPERM(K,J,I)
TAREA (K, J,I)

water surface elevation entry I for cross-section J in reach K, where I ranges from
1 to IIZ(K)

total top width for entry I

core width for eantry I

core area for entry I

wetter perimeter along core for entry I

total cross—sectional area for entry I (area of core plus area of storage)

See Figurebelow for method of determining section parameters

Range of HEAD should correspond to particular head of cross-section,

2 CORE
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5.4 CARD GROUP C

WATER QUALITY DESCRIPTION OF THE REACHES

CARD TYPE

a Header - Identification Card

b Parameter Card: Network Specification

c Parameter Override Cards: Network
Specification

d Mesh Point Parameters

e Reach Override Identification

f Initial Condition Cards

NOTE: This card group must be omitted if the water quality
computations are deleted, JOPT(1l) = 2.

As the water quality parameter possibilities consist of
as many as 12, the form of definition has been designed to
glve the user flexisility in specifying coefficients, mesh-
point locations and initial conditions. The parameter
coefficients can be specified at two levels. The first is
for the entire network, the second is for an individual
reach. Default values (Table 5.3,5.4, 5.5 ) may be used
or the user can override default values at either level.
Figure 5.1 illustrates the organization of input data for
this Card Group.
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C-f INITIAL CONDITION
TABLE CARDS BY PARAMETER

C-c OVERRIDE VALUES
(TF ANY)

C~c-2 REACH OVERRIDE
IDENTIFICATION (IF ANY)

C—e-1 No. of PARAMETER
OVERRIDES

C~d MESHPOINT CARDS

BY REACH REPEAT CARDS C-d*C-f
AS A GROUP FOR EACH

REACH
C-c OVERRIDE VALUES

(IF ANY)
CARD
ORDER C-b CARD FOR EACH PARAMETER

C-a HEADER
BY NETWORK
FIGURE 5.1

SCHEMATIC REPRESENTATION
OF CARD GROUP C
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TABLE 5.3

DEFAULT METEOROLOGICAL CONDITIONS

Symbolic Default Descriptions

Name Values

ATM(IMC) 0. Time from the beginning for entry IMC in hours
ATAMB (IMC) 60. Ambient temperature in degrees F

ARELG (IMC) 75. Relative humidity (%)

AW2 (IMC) 10. Wind velocity at 2 m (mph)

ARFT (IMC) 1800. Net solar flux (BTU/ft’/day)

”sf - bs- ’81‘ where
ﬂs = incident solar flux

bsr = reflected solar flux

ARFA (IMC) 2500. Net atmospheric flux (BTU/ftZ/day)
’as = ’a - Dar where
Da = incident atmospheric flux

aar = reflected atmospheric flux

APRESS (IMC) 760. Atmospheric pressure in mm Hg.

84



TABLE 5.4

DEFAULT QUALITY CONDITIONS

Symbolic Default Descriptions
Names Values
- C-B.0.D. -
KB20 0.3 Decay coefficient (day_l) at 20°C where

KBOD = KB20 x qr {120
QT 1.047 Empirical coefficient in above equation

D.O.

KD20 10.8 Reaeration coefficient (day_l) at 20°C

where

0.60
ko = (k020 L )r{T-20) 4 g
1.40
H
Total Topwidth
Total Area
where; V = absolute velocity
H = depth

in units of day ~ (base e)

QT 1.016 Empirical coefficient in above equation
Fecal Coliforms -

KFCOL20 2.8 Decay coefficient (day_l) at 20°C, where

KFCOL = KFCOL20 x qr ‘T~20)
QT 1.045 Empirical coefficient in above equation
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Nutrient
Coefficient
Number

1

10

11

12

13

14

15

TABLE 5.5

DEFAULT NUTRIENT COEFFICIENTS

Default
Values

0.09

1.065

0.008

0.008

0.20

212.36

0.05

0.06

30.0

2,0

0.3

0. 25

1.0

0.7

0.1

Descriptions

Rate of bacterial hydrolysis
(value/day-degrees C)

Temperature coefficient (no units)

Zooplankton respiration rate
(value/day at 20 degrees C)

Phytoplankton respiration rate
(value/day at 20 degrees C)

Ammonia oxidation rate
(value/day at 20 degrees C)

Optimum solar radiation for photo-
synthesis (ft- BTU/ft2/Day)

Natural light extinction coefficient
(value/ft.)

Phytoplankton self shading
(value/ (mg/1)~ft.)

Optimum temperature for NH3-N and
NO3-N uptake by phytoplankton
(degrees C)

Maximum NH3-N uptake rate by phytoplankton
(value/day)

Half saturation constant for NH3-N
(mg/1)

Nitrite oxidation rate
(value/day at 20 degrees C)

Maximum NO3-N uptake rate by photoplankton
(value/dav)

Half saturation constant for NO3-N
(mg/1)

Concentration of NH3-N above which NO3-N
uptake is minimum (mg/1l)
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TABLE 5.5

(continued)
Nutrient Default Description
Coefficient Values
Number
16 0.05% Minimum NO3-N uptake rate of photoplankton
in the presence of NH3-N (value/day)
17 0.03* Phytoplankton lysis (value/day)
18 0.03* Phytoplankton death and excretion
(value/day)
19 0.075% Minimum uptake rate of zooplankton
during the day (value/day)
20 25.0 Optimum temperature for zooplankton
uptake of phytoplankton (degrees C)
21 1.5% Maximum zooplankton uptake rate
(value/day)
22 1.0% Half saturation constant for PHY-N
(mg/1)
23 0.1 Zooplankton lysis rate (value/day)
24 0.30* Conversion of PON to DON (value/day)
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WATER QUALITY IDENTIFICATION

This i{s a general identification card for a water quality run

WATER QUALITY DESCRIPTION OF THE REACHES

. FORMAT (20A4)

o1
07 |
L—an—
— oY

09

0L
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WATER QUALITY PARAMETER COEFFICIENTS BY PARAMETER: NETWORK SPECIFICATION

One card for each Parameter being calculated. If Network Specification is
selected follow by a Parameter Subgroup (Card C-c).

WQPAR(I) KEY ISOLR TOD

A4,6X 110 I10 F 10.0

decimal hours

68

09

1 KB H B F

WQPAR(I) = Abreviation of the parameter (S, T, CBOD, NUTR, DO, FCOL of Table A-1)
KEY = 0 or blank, no Network Specification, default values are taken for the
entire network(see Tables 5.3,5.4, 5.5). These values can be overriden.by reach.

= 1, the Specification is by Network subject to override by reach.

There are no default values for salinity: KEY = 1 for salinity always.

For Nutrients (Nitrogen Model) only:

ISOLR = 0, Solar Radiation by internal clock (half-sine)
= 1, Solar Radiation by Meteorological input

TOD = Starting Time-of-Day for internal clock (ISOLR = 0)

Units are decimal hours from 0 to 24.

414
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CARD FOR SALINITY

DIsSP REFS REFL
F 10.0 F 10.0 F 10.0
ftzlsec ppm ft.
3 S

i B H H E

DISP = gsalinity region dispersion parameter
REFS = salinity region reference salinity, S (mocean salinity)

REFL = salinity region reference estuary length, L(= estuary length)

Since there are no default values for salinity parameter coefficients,
this card must be included if salinity is being calculated.

8-2-) QUVD
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OVERRIDE CARD - TEMPERATURE
Temperature Coefficients, Meteorological Conditions
Number of Time Entries

NMC

I.10

ot
0z

;

09

0l

NMC = number of meteorological time entries

= ], for constant conditions
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METEOROLOGICAL CONDITIONS BY TIME

(NMC cards, where IMC is the card number from 1 to NMC)

ATM(I™C) ATAMB (IMC) ARELH(IMC) AW2 (IMC) ARFS (IMC) ARFA (IMC) APRESS (IMC)
F 10.2 F 10.2 F 10.2 F 10.2 F 10.2 F 10.2 F .10.2
hours °F % mph BTU/ftZ/day) BTU/ftzlday mm. Hg
n 3
'c';l S

ATM (IMC)
ATAMB(IMC) = ambient temperature (°F)
ARELH(IMC) = relative humidity (%)
AW2(IMC) = wind velocity at 2 m. (miles/

ARFS(IMC) = net solar flux (BTU/ftzlday)
= ¢s - gst
where ”a = incident solar flux

”;: = reflected solar flux

ARFA (IMC)
= ¢a - ”ar
where Qa

hour)

= net atmospheric flux (BTU/ftZ/day)

= incident atmospheric flux

”ar = reflected atmospheric flux

APRESS(IMC) = atmospheric pressure (mm Hg)

= time from the beginning for entry IMC (hours)

T1-2-D @VD




QVERRIDE CARD ~ BOD
BOD COEFFICIENT CARD

CBOD KB20 QT

A4,6X F 10.0 F 10.0

1/day(base e)

i B H H F

€6

KB20 = B.0.D. decay coefficient in the equation in 1/day to the base e
xBop = KB20 QT {T~20)

QT = Empirical coefficient
Default values are KB20 = 0.3
QT = 1.047

09
014

@vo
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OVERRIDE CARD - NUTRIENTS
N-Cycle Coefficient Overrides to Default Values of Table C-3

NUTOR

I10

i

i

;

i

i

09

Ul

%6

NUTOR = number of overriden coefficients to be specified on the following cards

(one/card)

N=-2-D @IvD
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N-CYCLE COEFFICIENT OVERRIDE CARD

(One per coefficient to be overriden)

SYM VALUE

14,6X F 10.0

411
NYA

o H F

09

0L

SYM = the number of the nutrient coefficient as specified in Table 5.5

VALUE = the new value of the coefficient

¢N-2-D @avD
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OVERRIDE CARD D.O.

Dissolved Oxygen Coefficient Card

DO

KD20 QT

A4, 6X F 10.0 F 10.0

day-l(base e*

1 H H P

Q9

KD20 = reaeration coefficient in the expression

0.60

- v (T~-20) Total Topwidth
kDo (kD20 H1.4 )ar x Hx Total Area
Default is KD20 is 10.8 base e

QT = empirical coefficient in the above equation
default = 1.016

0a-°-9 @EVD
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OVERRIDE CARD Fecal Coliforms

Fecal Coliform Coefficient Card

FCOL

KFCOL20

QT

A4,6X

F 10.0

F 10,0

1/day(base e)

=)

7

N
Q

i

Q9

Ol

08

KFCOL20 = decay coefficient at 20°C, where

QT

KFCOL = KFCOL20 x (QT

default value is Z.Sday“l

= empirical coefficient in above equations

QT default = 1.045

in 1/day, base e

for KFCOL20 and 1.045 for QT

T024-°-0




MESHPOINT CARDS
WATER QUALITY REACH DATA -~ MESHPOINTS
One card for each reach followed by other reach cards

REACH

K MESHPT (K)

10x

I10 I10

i

H H B B F

86

K = numerical identification of the reach
(These should be in the order specified in card A-g)

MESHPT (K) - Number of Meshpoints defining element boundaries for reach K.

For each reach the user must define the locations at which an element
starts and ends. A third point is internally computed at the mid-point
of each element. At the specified locations and their midpoints the
finite difference calculations are made.
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MESHPOINT LOCATION CARDS

(7 meshpoints per card)

X(1) X(I + 1) X(1 + 2) X({IT + 3) X(I + 4) X(I +5) (It 6)
F 10.0 F 10.0 F 10.0 F 10.0 F 10.0 F 10.0 F 10.0
ft. ft. ft. ft. ft. ft. ft,
L. o s =
- (e
= b= 3 F © I

X(1), X(I + 1) etc. = location of meshpoints in feet from upstream node

As many cards as necessary of the above format should be prepared.
(7 times per card). The values should be: in numerical order. The
first value X (1) must be 0., the last value X (MESHPOINT (K)) must
be equal to TL(K), total length of the reach defined in Card B-c.

"939 Z-p-D
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REACH OVERRIDE IDENTIFICATION
Parameter Overrides by Reach

001

OVERRIDES K NMPAR
10x I 10 I 10
10X
il 5 B i : I
K = fdentification number of this reach

NMPAR = Number of Parameters whose Network specified
coefficients are being overriden.
(N~Cycle is considered one parameter in this case).

1-9-D @O




PARAMETER IDENTIFICATION CARD

WQPAR(I)

A4

101

09

11
0z
Ot

il

V14

og

WQPAR(I) = Abreviation of the parameter. (S, T, CBOD, NUTR, DO, FCOL)

This card must be followed by the redefinition of the
coefficients using cards of format C-c~S, C~c~T, C-c~BOD, C~c-N, C~c~DQO, C-c-FCOL

239 Z-9-)
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INITIAL CONDITION CARDS
Initial Conditions for this Reach by Parameter

NPTS

A4 6X

I

10

i

Ol

H H H b

09

114

(A1)}

NAME = One to four letter identificatfon of the parameter, in the following sequence:

S

T
CBOD
NH3
NO2
NO3
PHYN
ZOON
PON
DON
DO
FCOL

-

I B I I |

131 1

Salinity

Temperature (degrees F)
Biochemical Oxygen Demand (Carbonaceous)
Ammonia nitrogen

Nitrite nitrogen

Nitrate nitrogen
Phytoplankton nitrogen
Zooplankton nitrogen
Particulate organic nitrogen
Dissolved organic nitrogen
Dissolved oxygen

Fecal coliforms

NPTS - number of points defining the Initial Condition as given by the
following cards. If NPTS = 1, the value is applying over the
entire reach. (If NPTS > 1, initial conditions must be specified
at least at the upstream and downstream ends of the reach in order
to avoid negative initial conditions due to the program interpolation scheme).

T=3-D




INITIAL CONDITION TABLE

(One card for each location)

X CON
F 10.0 F 10.0
feet
1 H H H H

£0T

X = distance from upstream node to location at which initial
concentration is specified. (Can be anything for case
of NPTS = 1) \

CON = Initjal Concentration

¢-3-0 @VO




5.5 CARD GROUP D

LATERAL INFLOW DATA

CARD TYPE

a Lateral Inflow Identification Card
b Number of Lateral Inflows

c Lateral Inflow Parameters

d Lateral Inflows

If IOPT(2) = 2 this card group must be repeated as many
times as there are periods.

104



LATERAI, INFLOW IDENTIFICATION CARD

After the identification cards, D-a and D-b, there is a package of cards which
is repeated for all lateral inflows.

DESCRIPTION OF THE LATERAL INFLOWS

FORMAT (20A4)

SOT

H Bk

ot
~
(114

09

Ul

Lateral inflows can be either inflows of streams from sub-basins
or inflows of quality constituents.

-0 @V
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NUMBER OF LATERAL INFLOWS

If there are no lateral inflows, NLAT = 0, the computer will skip to the next card group.

Otherwise, it will expect the lateral inflow data from cards D-c and D-d.

NLAT

I10

i H H H F

Q9

Ul

NLAT = total number of lateral inflows

q9-a qavD




LATERAL INFLOW PARAMETERS

Cards D-c and D-~d constitute a package and must be repeated according to the number of
lateral inflows, NLAT "

{01

1L KLAT (IL) XLAT (IL) DXLAT (IL) ILAT(IL) IT(IL) NPAR (IL)
110 I10 F 10.5 F 10.5 I 10 I10 I 10
ft. ft.
) o o o oo
5 = }s lz 8 8 2 S
IL = number of the inflow to which the information applies XLAT (IL) DXLAT (IL)
KLAT(IL) = number of the reach in which inflow IL 1s located et
- N AT g
XLAT (IL) distance to upstream end of inflow IL Upstrean Tt TowD)
DXLAT (IL) = width of inflow IL. (A point inflow can be defined by a width of 0.0). NODE
ILAT(IL) = 1, constant lateral inflow
2, variable lateral inflow
IT(IL) = number of table entries for inflow IL. One entry is necessary for constant
lateral inflow.
NPAR = number of Water Quality Parameters of non-zero concentration
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LATERAL INFLOW PARAMETERS:

(Use more than one card if more than 7 parameters)

WATER QUALITY PARAMETER NAMES

SYM(1)

SYM(2)

SYM(3)

SYM(4)

SYM(5)

SM(6)

SYM(7)

A4, 6X

A4,6X

A4,6X

A4,6X

A4 ,6x

A4, 6X

A4,6X

80T

i

i

i

i

i

Q9

[1]4

SYM(L) - the one to four letter identification of the water quality parameter

in the given sequence and as described on Table 5.2.

NPAR(IL), symbols.

ONLY THOSE PARAMETERS WHOSE CONCENTRATIONS ARE NON-ZERO NEED TO BE SPECIFIED

Z-o-a qavd




LATERAL INFLOWS

Repeat this card for NPAR(IL) greater than 5, using the same format

(Concentration Specifications in columnsg 21-70)

60T

TIL(IL,I) QLAT (IL,I) CLAT(IL,I,l) CLAT(IL,1,2) CLAT(IL,I1,3) CLAT(IL,I,4) CLAT(IL,I,5S

F 10.0 ¥ 10.0 F 10.0 ¥ 10.0 F 10.0 F 10.0 F 10.0

seconds cfg/ft
o = =
= = S

= s 3 IS l
TIL(IL,I) = time in seconds for table entry I, relative to the
beginning of the period
QLAT(IL,I) = magnitude of the inflow in cfs/ft for a distributed

CLAT(IL,I,L) = the specified concentration corresponding to the water

lateral inflow or cfs for a point inflow.

describes constant inflow and further entries describe

variable lateral inflow.

quality parameter SYM(L) of card D-c-2.

One entry

P-Q @IV




5.6 CARD GROUP E

INJECTION DATA

CARD TYPE
a Injection Data Identification Card
b Number of Injection Points
c Injection Parameters
d Injection Data

NOTE: This card group is omitted if water quality
calculations are not to be executed,
JOPT(1) = 2

If JOPT(2) = 2, this card group must be
repeated as many times as there are periods.

110



INJECTION DATA IDENTIFICATION CARD

After the cards E-a and E-b, there is a package of cards which is repeated for all
injection data.

DESCRIPTIONS OF INJECTIONS

FORMAT (20A4)

0z
|
R—
0% |

il

Q9

UL

111
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NUMBER OF INJECTION POINTS

If there are no injection points,NJECT = 0, the computer will skip to next card group.

Otherwise, it will expect the injection point data from cards E-c and E-d.

NJECT

110

(448

1 H H H F

09

UL

NJECT = total number of injection locations
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INJECTION PARAMETERS

CARDS E-c and E-d constitute a package and must be repeated according to the
number of injection points specified, NJECT

€11

IL KJECT(IL) XJECT (IL) IJECT (IL) ITJ(IL) NPAR (IL)
110 I10 F 10.0 I10 I10 I 10
ft
| ,
7 5 - p E | i
1L = number of the injection point to which the information applies INJ POINT
KJECT(IL) = number of the reach in which injection IL is located ECT (IL
XJECT(IL) = distance from upstream end of reach to injection point
IJECT(IL) = 1, constant injection rate
2, variable injection rate O —QO
ITJ(IL) = number of table entries for injection IL. One entry is UP STREAM
necessary for constant injection rate with more as needed, NODE
to describe variable injection rate.
NPAR(IL) = number of Water Quality Parameters being injected.
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Y1t

INJECTION PARAMETERS:
(Use more than one card if there are more than 7 parameters)

WATER QUALITY NAMES

SYM(1)

SYM(2)

SYM(3)

SYM(4)

SYM(5)

SYM(6)

SYM(7)

A4,6X

A4, 6X

A4, 6X

A4, 6X

A4,6X

Ab4,6X

A4,6X

i

i

i

F

;

Ul

SYM(L) = the one to four letter identification of the water quality parameter
NPAR(IL) sumbols.

in the given sequence and as described in Table 5.2.

ONLY THOSE PARAMETERS BEING INJECTED NEED BE SPECIFIED

¢--d VD




STT

INJECTION DATA

TJIL(IL,I) PJECT (IL,I,1) PJECT (IL,I,2 PJECT(IL,I,3) [PJECT(IL,1,4) PJECT(IL,I,5) | PJECT(IL,I,6) PJECT(IL,1,7)
F 10.0 F 10.0 F 10.0 F 10.0 F 10.0 F 10.0 F 10.0
Seconds * * * * *
o oy =
5 : i i ° ; %
TJIL(IL,T) = time in seconds for table entry I, relative to the beginning of the period
PJECT(IL,I,L) = the actual loading corresponding to the water quality parameter (SYM)L
of Card E-c-2

*UNITS For Temperature: BTU/day

For Coliforms: No./hour

If PJECT > 7, continue next card with PJECT(IL,I,8) in columns 1-10

All Others:

Lbs/day (N-cycle variable in terms of 1bs/day-Nitrogen)

P-3 @IV




5.7 CARD GROUP F

HYDRAULIC BOUNDARY CONDITIONS AT THE NODES

CARD TYPE

a Ident ity Card for Hydraulic
Boundary Conditions

b Node Parameters

c Boundary Node Conditions,
NOBC(KN) = 1, 2 or 4

d Boundary Node Conditionm,
NOBC(KN) = 5

NOTE: This card group must be omitted 1if
hydraulic computations are deleted, IOPT(1) = 2,
that is, when the hydraulic solution is read from
tape (IOPT(5) = 1).

If IOPT(2) = 2, this card group must be repeated
as many times as there are periods.

116



IDENTITY CARD FOR HYDRAULIC BOUNDARY CONDITIONS
After the identification card, F-a, there is a package of cards which 1is repeated for each node.

-

HYDRAULIC DESCRIPTIONS OF THE NODES

FORMAT (20A4)

0T
0Z
[

v
0¢
Q9

114

o8

L1t
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NODE PARAMETERS
Cards E-b,E-c or E~d constitute a package and must be repeated for each node. For interior nodes and the
stage-routing cases, NOBC(KN) = 0 or 3, no more information is required and the computer will skip to the
next Node Parameter Card. For NOBC(KN) = 1,2, or 4 card F-c is required. For NOBC(KN) = 5 card F~d is

required.

KN NOBC (KN) IBC (KN) ITX(KN) INT (KN)

I10 I10 I 10 I10 I10

Q9
Ul

1 H K H P

81T

See Next Page for Description of Parameters
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611

KN
NOBC (KN)

IBC (KN)

ITX(KN)

INT (KN)

) B0 BN IR NN BN D ]

number of the node for the following information
indicates the type of condition to be applied at node KN

» Junction or interior node

water surface elevation prescribed
» discharge prescribed

» stage~routing boundary condition

» rating curve (z vs Q ~ Table)

, downstream end of control structure

indicates the time dependence of the boundary condition at node KN.
In a junction node, or a downstream side of control node, the
information is ignored by the computation.

1, constant with time
2, variable with time
3, sinusoidal with time (see card F-c)

L 4

NewWwNEEO

number of table entries for the boundary conditions specifications
For constant boundary conditions, and downstream side of control
structure, only one card is required. Sinusoidal boundary conditions
are handled with one card also, where space is provided for the

height and perfod of oscillation. More table entries are required
in IBC(KN) = 2,

1, linear interpolation of variable boundary condition data. Only if IBC(KN)
2, cosine interpolation of variable boundary condition data. Only if IBC(KN)

2.
2.

q-4 @4V



BOUNDARY NODE CONDITIONS, NOBC(KN) = 1, 2 or 4

This card is supplied only when NOBC(KN) = 1, 2, or 4 and for IBC(KN) = 3,
allows the user to

Card F-c also
specify a sinusoidal boundary condition as shown in the sketch below.

0zZt1

TIME ZNODE QNODE TPER PEAK TLAG

F 10.5 F 10.5 F 10.5 F 10.5 F 10.5 F 10.5

sec. ft. cfs sec. ft. sec.

y
q H o F i F : i

TIME = prototype time in seconds relative to the beginning of each individual period. If the boundary
condition 18 constant or sinusoidal, no value need be specified.

ZINODE = water surface elevation, (ft), 1if constant, the water surface elevation is assigned the value
for J = 1. If the time dependence is sinusoidal, the mean value about which the surface
elevation oscillates, is assigned the value for J = 1. (J 1s the subscript of time increment).

QNODE = discharge(Cfs)at node KN at time TI(KN,J). If the time dependence is constant, the discharge

is assigned the value for J = 1. If the time dependence is sinusoidal, the mean discharge
about which the discharge oscillates, is assigned the value for J = 1.

TPER = period of oscillation for the sinusoidal boundary condition at node KN.

PEAK = height of oscillation for the sinusoidal boundary condition at node KN. >

TLAG = time lag for the sinusoidal boundary condition.

SINUSOIDAL BOUNDARY
CONDITION

—ofn.m

TPER

o-4 @VD




BOUNDARY NODE CONDITIONS, NOBC(KN) = 5
This card is supplied only when NOBC(KN) = 5.

2T

NODup
110
' ' of
o -]
= S
NODUP - the number of the node on the upstream Side of the control structure, The discharge of the

downstream node is taken from that of the upstream node. There are four cases:
(1) the upstream node has discharge, Q, specified. 1In thisccase, the program takes

this value directly.

boundary. In this case, the program sets the discharge of the downstream node equal

(2) the upstream node is a Z versus Q, or rating curve type

to that determined by the program for the upstream node at the end of the previous

time step.

(3) the upstream node is a stage-routing type boundary. The discharge

is handled as in Case 2. (4) the upstream node is of the Z-specified type. The
discharge is handled as in Case 2.

(Z)‘

UP STREAM CONTROL
NODE STRUCTURE
NODUP.
%@} —©
FLOW

——___*

P-d @0




5.8 CARD GROUP G

HYDRAULIC OUTPUT PARAMETERS

CARD TYPE

a Identity Card

b Number of Hydrographs

c Hydrograph Parameters

d Number of Hydraulic Profiles
e Profile Parameters

NOTE: Card Group G must be omitted if the hydraulic
calculations, IOPT(1) = 2, are not executed, that is
when the hydraulic solution is read from tape
(IOPT(5) = 1).

If TIOPT(2) = 2, this card group must be repeated
as many times as there are perilods.

122



IDENTITY CARD

HYDRAULIC OUTPUT PARAMETERS

>

FORMAT (20A4)

;I

;

09

UL

I XA

NHYD = number of hydrographs requested

B-~-D @Vo




NUMBER OF HYDROGRAPHS (VARIABLE VS. TIME)

hydrographs it is not necessary to include card G-c.

Cards G-b and G-c constitute a package, however, if the user does not wish to see the

NHYD

I10

(/YA

i

H F

Q9

(A}

F -
NHYD = number of hydrographs requested

9-9
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HYDROGRAPH PARAMETERS _
Card G-c must be repeated for the number of hydrographs, NHYD, requested.

KHYD (IH) XHYD (IH) THPER
I10 F 10.5 I 10
ft.

09

5 s = F S

/14

KHYD (IH) = reach in which hydrograph IH is to be produced.

XHYD'(TH) = desired location inthe reach for the hydrograph. The program will find the
nearest computational mesh point to this location and produce the hydrograph
there. (No interpolation).

IHPER = period over which the desired hydrograph is to be produced. When I0PT(2) = 1,
IHPER = 1. In a traansient solution, this value should be the number of the
current period. The retrieval system is awkward; however, it is felt that
comprehensive output is best obtained by storing the solution on tape or
disk, and searching it later. Output can then be produced graphically as in
the plotting program.

-D quVd




NUMBER OF HYDRAULIC PROFILES (VARIABLE VS DISTANCE)

Cards G-d and G-e constitute a package; 1f the user does not wish to see the hydraulic profiles it is not

bDecessary to include card C—e.

NPRO

L10

4]

.

09

Ul

921

NPRO = number of hydraulic profiles requested.
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PROFILE PARAMETERS
Card G-e must be repeated for the number of hydraulic profiles, NPRO, requested.

Lzt

KPRO(IPHY) | INCHY (IPHY) IPPER (IPHY)
I 10 I 10 I10
o = 3
i H H H ®H H #H F

KPRO(IPHY) = reach in which profile IPHY 1s to be printed

INCHY (IPHY) = time increment at which profile IPHY is to be printed, refer
to card A-e for total number of increments, NINC.

IPPER(IPHY) = period in which profile IPHY is to be printed, refer to card
G-c for further definition IHPER.

These profiles must be specified consecutively with time.

°-D @IVD




5.9 CARD GROUP H

WATER QUALITY BOUNDARY CONDITIONS AT THE NODES

CARD TYPE
a Identity Card for Water Quality Boundary
Conditions
b Water Quality Node Parameters
c Constant or Variable Boundary
Conditions
d Time Constant Card for Ocean

Boundary Conditions
e Water Quality Constituent Card for
Ocean Boundary Conditions
NOTE: Card Group H must be omitted if the water
quality computations are deleted, JOPT(1l) = 2.

If JOPT(2) = 2, this card group must be repeated
as many times as there are periods.

128



IDENTITY CARD FOR WATER QUALITY BOUNDARY CONDITIONS

WATER QUALITY BOUNDARY CONDITIONS

-

FORMAT (20A4)

QZ

09

(174

6¢CT

®-H @IVD
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WATER QUALITY NODE PARAMETERS

For interior nodes, or control structure nodes, no other cards are required and the computer skips to the next
Node Parameter Card. However, for boundary nodes there are two classes, one for constant or variable boundary
conditions (Card H~c) and a second for ocean boundaries (Cards H-d and H-e).

KX NOBCM (KN) IBCM(XN) ITXM(RN)

110 I 10 Il I 10

1 H H H H K F

KN = number of the node for the following information

NOBCM(KN) = indicates the type of boundary condition to be applied at node KN
0, junction or interior node

1, concentration specified

dispersive flux specified

3, total flux specified

4, ocean boundary condition

5, control structure node (up or downstream)

L I B O I I ]
™~
-

IBCM(KN)

indicates the time dependence of the boundary condition at node KN
1, constant with time
= 2, variable with time

ITXM(KN) = number of table entries per parameter modeled for the boundary condition
specificatfons. For constant boundary conditions, or the ocean boundary
condition, only one card per parameter modeled is required. Variable
boundary condftfons will require additionsl table entries.

9-H Q¥vD




CONSTANT OR VARIABLE BOUNDARY CONDITIONS
Card H-c must be repeated for each quality constituent specified on Card A-d, the Water Quality Parameter Options.
For variable boundary conditions and for each quality comstituent, a package of cards corresponding the time
varying input must be supplied. If Card H-c is supplied then Cards H-d, H-e are not to be supplied.
SYM(L) TIM(KN, J) CNODE DFNODE TFNODE
A4 6X F 10.5 F 10.5 F 10.5 F 10.5
Sec.
o g
si = 3 E TS 3 3
E;SYM(L) = the symbolic (one to four letter) name of the water quality parameter being specified.
Use sequence of Table 5.2.
TIM(KN, J) = prototype time referred to the beginning of the period for the table entry.
This may be omitted if the boundary condition is constant, IBCM(KN) = 1.
CNODE = specified concentration of the water quality parameter.
DFNODE = specified dispersive flux of the water quality parameter.
TFNODE = specified total flux of the water quality parameter.
Units are

(for flux):

NOTE:

for temperature:
for coliforms:
for all others:

For total of dispersive flux, quantity for parameter dissolved oxygen should be in
terms of DOD (Dissolved O

BTU/day
No/hour

lbs/day - Nitrogen

2

Defecit).

9-H @VD




TIME CONSTANT CARD POR OCEAN BOUNDARY CONDITIONS

If an ocean boundary NOBCM(KN) = 4 is specified then 2 to 5 cards are required, the time constant card,

~and quality constituent card H-e for each constituent modeled.

TCON (KN)

F 10.5

(AN 1

o

i 5 i i

Q9

TCON(RN) = time constant for decay of the concentration difference
CO(RN) — CS(KN) at the ocean boundary node, where CO(KN)
1s the concentration leaving the estuary on ebb flow and
CS(KN) is specified on the next card. The boundary con-
centration is specified by:

CONC(KN) = CS(KN) + (CO(KN) - CS(kN)). e(~TCON(KN)t)
where t = (time - time that flood began)

and where TCON(KN) . t <88

CONC(KN) = CS(KN) when TCON(KN)t > 88

P-H MIVvD




WATER QUALITY CONSTITUENT CARD FOR OCEAN BOUNDARY CONDITIONS

If an ocean boundary NOBCM(KN) = 4, is speciffed then this card must be repeated for each quality
constituent specified on card A-d, the Water Quality Parameter Options.

SYM(L) CS (KN, L)
A4, 6X F 10.2
ppm

09
014

13§

= 5 S ,s F

= The symbolic (onme to four letter) name of the water quality
parameter being specified. Use sequence of Table 5.2.

SYM(L)

CS(KN,L) = concentration of the water quality parameter of the incoming
ocean water on flood at the ocean boundary node.

08
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5.10 CARD GROUP I

WATER QUALITY OUTPUT PARAMETERS

CARD TYPE
a Identity Card
b Number of Quality Graphs
c Water Quality Graph Parameters
d Number of Water Quality Profiles
e Water Quality Profile Parameters

NOTE: Card Group I must be omitted if the water quality
computations are deleted, JOPT(1l) = 2.

If JOPT(2) = 2, this card group must be repeated as
many times as there are periods.

134
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IDENTITY CARD

WATER QUALITY GRAPHS AND PROFILE OUTPUT PARAMETERS

FORMAT (20A4)

Q1
o7
T

09

UL

e-I QuVD




NUMBER OF QUALITY GRAPHS (VARIABLE VS TIME)

Cards I-b and I-c comstitute a package, however, if the user does not wish to see the

hydrographs it is not necessary to include card I-b.

NPOL

I 10

i H ¢t

09

[+]4

0g

9¢1

NPOL = number of quality graphs requested

9-I @VD




WATER QUALITY GRAPH PARAMETER!

KPOQL (IC) XPOL (IC) MCPER
I10 F 10.5 I 10
ft.
N -
P> -]

1 H H H P

LET

KPOL(IC) = reach in which quality graph IC is to be produced

XPOL(IC) = desired location in the reach for the quality graphs. The program will find the
nearest computational mesh point to this location, and produce the quality graph
there.

MCPER = period over which the desired quality graph is to be produced. The remarks made
in Card Group G about hydrographs apply here, also. At a given locatiomn over
several periods, it must be split into individual quality graphs covering
single periods.

o= @MIVD
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NUMBER OF WATER QUALITY PROFILES (VARIABLE VS DISTANCE)

Cards I-~d and I-e constitute a package, however, if the user does not wish to see the

quality profiles it is not necessary to include card I-d.

NMPRO

I110

1 H H F

Q9

Ul

NMPRO = number of concentratfon profiles requested
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WATER QUALITY PROFILE PARAMETERS

Card I-e must be repeated for the number of quality prfiles, NMPRO, requested.

6¢T

MPRO (IPWQ)| INCWQ(IPWQ) kEPER(IPWQ)
110 I10 I10

1 H H H H H H A
MPRO(IPWQ) = reach in which profile IPWQ is to be printed

INCWQ(IPWQ) = water quality time increment at which profile IPWQ is to be printed
MPPER(IPWQ) = water quality in which profile IPWQ is to be printed

The profile must be specified consecutively with time.

-1 @IVD




VI. MODEL APPLICATION ~ TEST CASES

The following is a discussion of the application of the real-time
nitrogen-cycle model in a hypothetical waterway simulated for demon-
stration in this manual. The objective of this effort was to demon-
strate the coupling of the transport processes in an advective system
with the biogeochemical nitrogen transformation processes.

6.1 Description of the Estuary Test Case

The estuary is assumed to have a length of 30,000 ft (9,146 m) and
a width of 1000 ft (305 m), and is characterized by a Manning roughness
coefficient of 0.018 and a slope of 0.00001. A constant fresh water
inflow rate of 1000 cfs (28 m3lsec) enters at the head of tide. The
salinity at the ocean end of the estuary is 15,000 ppm and the ocean
tidal range is 4 ft (1.2 m) about an average water surface elevation
of 15 ft (4.6 m). Two sewage treatment plants (STP)discharge to the
estuary and are located as shown in Figure 6.1. The flow from STP I is
10 mgd (38,000 m3/day) and that from STP II is 20 mgd. (76,000 m3/day).
The waste from these plants are as described in Figure 6.1. The analysis

was performed in several successive steps.

6.2 Hydraulic Solution For Real-Time Estuary Analysis

The first step was to determine the quasi-steady state hydraulic
response of the Estuary. The texrm quasi-steady state refers to the

characteristic whereby the same hydrodynamic profile is repeated each

140



tidal period. This is possible only in cases where the hydraulic upstream
and lateral inflows are constant and the tidal range at the mouth of the
estuary is repeated from one tidal period to the next. This obviously
applied in the case at hand. Thus, the hydraulicsolution is transient
within a particular tidal period, but steady state when corresponding
time are compared in different tidal periods. The treatment plant
discharges are considered passive injections, that is they do not affect
the flow field in the estuary. 1f the flow rate of these discharges were
significant compared to the estuary flow rate, then they could have been
treated as lateral inflows of zero width.

In determining the quasi-steady state hydrodynamic response it
was necessary to simulate only the hydraulic and salinity parameters.
Other water quality variables were not required for this portion of
the analysis. The salinity parameter is required because it appears
in the conservation of mementum equation. Initial conditions were
assumed for the hydraulic parameters (surface elevation and discharge)
and for the salinity profile. The boundary conditions and geometry
were prescribed as outlined above. The program was run for several
tidal periods until the quasi-steady state response was obtained.
(Note that the choice of initial conditions affects only the number
of tidal periods needed to achieve the quasi-steady state response.
Regardless of the choice of initial conditions, the quasi-steady

state response should always be the same.)
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f——— Reach I i Reach II ﬁ
L 1 J
v T 1 r m|
Upstream Ocean
Boundary STP 1 STP 11 Boundary
& A 1. - 1 —
0. 5000. 10000. 20000. 30000.
Distance from Upstream Boundary
(Feet)
Description of Waste Infjections
STP I STP I1I
Conc. (ppm) Load (1b/day) Conc.{(ppm) Load (1lb/day)
NH3-N 20 1668. 20 3336.
NO3-N 2 167. 2 334.
PON 10 834. 10 1668.
DON 10 834, 10 1668.

FIGURE 6.1 SCHEMATIC OF ESTUARY AND TREATMENT PLANT LOADINGS
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The next step was to store the hydrodynamic profile on a computer
tape to be used in later runs involving water quality variables. 1In this'
way, it would not be necessary to recompute the hydraulic solution in
these later rums. The hydraulic solution was now computed again, but
this time for one period only and stored on computer tape. The initial
conditions for this run were determined from the quasi-steady state
response determined above thereby assuring that the one tidal period
now being stored on tape would give the same regponse, The input data
for this run is given in Appendix I.a. A portion of the output is shown
in Appendix I.b.

6.3 Water Quality Solution For Real-Time Estuary Analysis

The next step involved determining the quasi-steady state response
for water quality parameters. The input data for this run 1s listed in
Appendix I.c. Note that the hydraulic solution was not executed but
read from tape for this simulation. Boundary conditions were specified,
and initial conditions assumed for all water quality parameters of
interest for this run. (Not all of the parameters that the model is
capable of simulating were run). The program was run for ten tidal
periods which proved adequate for determining the quasi-steady state res-
ponse. The number of periods required would vary depending upon the
accuracy of the assumed initial conditions as compared with the true
response. A portion of the output is shown in Appendix I.d.

6.4 Hydraulic and Water Quality Solutions for River Analysis

For the River Test Case, the channel geometry chosen was identical
to that for the Estuary discussed above. Therefore, the ocean boundary

condition was not stipulated. Instead, a discharge is prescribed at
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the downstream end, the value of which is equivalent to the discharge

into the River from upstream sources. In the case of a fully steady-state
hydraulic system (as in this river case), the program computes the steady-
state hydraulic solution initially and then uses this solution for the
specified duration in the water quality computations. Thus, it is not
necessary to compute the steady state hydraulic solution separately and
store it on tape as with real-time estuary analysis. The calculations

are performed in the same computer run. The input data for this is shown
in Appendix II.a and a portion of the output is shown in Appendix II.b.
The steady-state river system requires that only one period be specified
but the duration of that period can be as long as desired and is not the
same as &8 tidal period in the real-time unsteady flow case. Although

the hydraulic solution is steady state in this River analysis, the water
quality solution is transient and the length of the period must be

chosen such that the steady state water quality response will be determined.
For the case at hand and for the initial conditions specified, a period
of 357,120 seconds was required.

6.5 Plotting of Hydraulic and Water Quality Solutions

The hydraulic and water quality solutioms from the Estuary analysis
and the water quality solution from the River analysis in the above runms
were stored on a sequential data set computer tape. The user is then able
to obtain graphic results of these solutions by selecting output informa-
tion in accordance with the plotting program discussed in Chapter VII.

6.6 Discussion of Teast Case Simulation

Figure 6.2 shows the tidal discharge as a function of time throughout

one tidal cycle at the ocean end, X = 30,000 £t (9150 m) and at section
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X = 10,000 ft (3049 m) for the Estuary. The maximum tidal discharge at
the ocean end is 9500 cfm (270 m3/s) and corresponds to a maximum tidal
velocity of 0.65 ft/s (0.2m/s). This may be compared with the River case
which is characterized by a constant discharge rate of 1000 cfs (28.3 m3/s)
and a constant velocity of 0.07 ft/s (0.02 m/s).

Instantaneous longitudinal distributions of salinity in Reach II at
four times during a tidal period are shown in Figure 6.3. The time T/4
corresponds to high water slack and 3 T/4 to low water slack. Since the
longitudinal dispersion coefficient is assumed to be proportional to the
local longitudinal salinity gradient in accordance with Equation (3.4)
the dispersion coefficient increases significantly within the salinity
intrusion region. In the non-saline region the dispersion coefficient
is related to the local tidal velocity by a modified Taylor dispersion
relation. For this study, the value of K in Equation (34 ) was 50 ftzls
(4.6 mzls). The longitudinal dispersion coefficient then has an average
value of 15 ft2/s (1.5 m2/s) in the non-saline portion and reaches a
maximum value of about 400 ft2/s (37 m%/s) in the salinity intrusion
region.

Figure 6.4 shows instantaneous longitudinal profiles of ammonia-
nitrogen at four times in a tidal period. The large peaks of concen-
tratfon adjacent to the upstream waste treatment plant in Reach I are
due to the combined effect of low tidal velocities near the head of tide
and low dispersion. The flushing effect near the ocean boundary is
Indicated by the large differences in ammonia concentration between high

water glack (T/4) and low water slack (3 T/4).
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Figure 6.5 shows the predicted ammonia concentrations for the River
case. A constant dispersion coefficient aequal to 65 ft2/s (6 mzls) vas
used for this simulation.

Similar profiles are shown for nitrate and particulate organic

nitrogen in Figures 6.6 ~ 6.9,
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VII. PLOTTING PROGRAM

7.1 Description of the Plotting Program

The large volume of numerical information generated by the computer
program is conveniently representable in graphic form. A plotting program
is available for use on an incremental drum plotter. The program is in
FORTRAN and uses the standard set of plotting commands as described by
California Computer Products, Inc. 1970.

In order to utilize the plotting feature the user must have specified
the option in the Network Model that creates a sequential data set of
the calculated dependent variables. There are two such datasets possible,
one for hydraulics, the other for water quality concentratioms. Two
types of plots are possible.

(1) Dependent variable vs. distance at a specific time.

(2) Dependent variable vs. time at a specific location

Special features permit the user to plot several variables on the
same frame & also to plot user supplied data points as special symbols.

The general functioning of the program is illustrated in Figume 7.1

7.2 Input Data Preparation

Pages 157 through 165 describe the input data required to use the
plotting program. To facilitate preparation of input data the user should
refer to the output listing of the network model run that produced the

plotting datasets.
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FIGURE 7.1  GENERALIZED FLOW CHART: PLOTTING PROGRAM
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LST

PLOT IDENTIFICATION

ID

A8

(1)
0z
Ot

;

0S

Q9

ID = one to eight character identification of the plot.

This will be plotted at the bottom of each frame as well
as being printed on the output listing.

T- 101d




8st

TIME PARAMETERS

NPER NINC RATIO DT

I10 110 F 10.0 F 10.0

'Y A

01

H o F

09

NPER = number of tidal periods. (1 in the case
of river flow).

NINC = number of hydraulic time increments within
each tidal period.

RATIO = ratio of water quality time increment to hydraulic
time increment.

DT = actual measure of hydraulic time increment.

¢ - 1014




NUMBER OF REACHES

NREACH

I10

6ST

[1Y4

i

Q9

V] 4

NREACH = number of reaches

£ - 101d




REACH PARAMETER CARDS (ONE CARD FOR EACH REACH)

(In same sequence as that given by reach -~ node connectivity table)

K NSN (K) MESHPT (K)

110 110 I 10

o
09

i H B

o1

091

K = the numerical identification of the reach
NSN(K) = number of hydraulic mesh points in reach K

MESHPT (K) = number of water quality mesh points in reach K

For NSN(K) and MESHPT(K) consult output listing for a particular run
as these are the number of computational mesh points, not the number
of user-supplied cross-sections.

214
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191

PLOT SELECTION VS. DISTANCE (FOR PLOTS VS. TIME USE CARD PLOT=-5-t)

D PER T PL YMIN YMAX NPTS
9X Al I 10 110 F 10.0 F 10.0 F 10.0 I10
seconds in.

o
[«

0Z
[0}
o7 ]
5%
09

UL

D = letter "D" in column 10

PER = tidal period of profile

T = increment within PER of profile
(not applicable for tidal range or high and
low water planes) Use hydraulic increment for hydraulic variables
and water quality increment for water quality variables.

PL = plot length (X-axis in inches)

YMIN = minimum value of Y-axis

YMAX = maximum value of Y-axis

NPTS = number of individual points to be plotted.
(1f ¥ 0 supply cards PLOT - 7 after PLOT ~ 6-d)

duBlSIp 8A)
P-S 1LO1d

‘T
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PARAMETER SELECTION CARD

SYMB REACH sl §2 DX MULTI

A4,6X I10 110 I10 F 10.0 I10

Q9

i H H F

| _OT

UL

SYMB = S(Salinity, T(Temperature), CBOD(Carbonaceous Biochemical Oxygen Demand),
NH3 (Ammonia Nitrogen), NO2(Nitrite Nitrogen), MO3(Nitrate Nitrogen),
PHYN (Phytoplankton Nitrogen), ZOON(Zooplankton Nitrogen), PON(Particulate
Organic Nitrogen), DON(Dissolved Organic Nitrogen), DO(Dissolved Nitrogen),
FCOL(Fecal Coliform), Z(Elevation), Q(Discharge)

REACH = reach number

sl = gtarting mesh point number
s2 = ending mesh point number
DX = increment length between sections (feet) (hydraulics only)

MULTI

0 or blank, a single variable is being plotted
1, this variable plotted with others (same frame)
9, this is the last of several variables being plotted together

NOTE: When MULTI ¢ O corresponding card 5-d is needed for each variable being
plotted.

P-9 LO1d
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PLOT SELECTION VS TIME (FOR PLOTS VS DISTANCE USE CARD PLOT 5-d)

r | REACH XDIST PL YMIN YMAX NPTS
9X ﬁ% I10 F 10.0 F 10.0 F 10.0 F 10.0 F 10.0
ft in
. N ' E, : > 3
T = the letter "T" in column 10
REACH = the reach number (an integer)
XDIST = distance of the point of interest from the upstream end.

PL =

YMIN =

YMAX =

NPTS =

(Program will take closest computational section).

plot length (X - axis)
minimum value for Y axis
maximum value for Y axis

no. of individual points to be plotted.

(1f # O supply cards PLOT - 7 after plot 6-t)

1-6 Lo1d
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PARAMETER SELECTION CARD

SYMB PER1 Tl PER2 T2 DX MULTI
A4,6X I 10 110 110 I10 F 10.0 I10
seconds seconds feet

¥ § H R A

SYMB = S(Salinity), T(Temperature), CBOD(Carbonaceous Biochemical Oxygen Demand), NH3(Ammonia Nitrogen),

PER1

PER2 =
T2 -

DX -
MULTI =

NOTE:

NO2(Nitrite Nitrogen), NO3(Nitrate Nitrogen), PHYN(Phytoplankton Nitrogen), ZOON(Zooplankton
Nitrogen), PON(Particulate Organic Nitrogen), DON(Dissolved Organic Nitrogen), DO(Dissolved
Oxygen), FCOL(Fecal Coliform), Z(Elevation), Q(Discharge)

tidal period at start

increment within tidal period at start:
all other periods it is 1.

tidal period at finish

increment within tidal period at finish (for a river, the maximum time increment =
number of increments - 1)

the first increment of lst period is O,

increment length between sections if constant (hydraulics only)

0 or blank, a single variable is being plotted
1, this variable plotted with others (same frame)
9, this 1s the last of several variables being plotted together

3-9 10'1d

when MULTI = 0 corresponding card 5 -t 1s needed for each variable being plotted
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INDIVIDUAL DATA POINT CARDS (Only if NPTS # O on Card Plot 5-t or Plot 5-d)

One card per point
These cards follow Card Plot 6

X Y NUSER
F 10.0 F 10.0 110
feet or
seconds _
P S }S IS F 3 S S

X = gbgcissa. time in seconds from the beginning of the plot
(PER1, T1) or distance in feet from beginning (S1).

Y = ordinate value

NUSER = Integer Code corresponding to the geometric point being plotted.
If not defined the previously defined value will be used. If no
value is given a default of 11 will be taken which is an asterigk(*).

L 1L01d




7.3 Example

To illustrate the use of the plotting program, on the following
pages is listed the input data required to reproduce the plots (Fig. 6.2 -
6.9) shown fn Chapter VI of this manual. Some editing was done to arrive
at the final form shown. For example, Figure 6.4 is plotted as two
separate pages by the program, one for Reach I and another for Reach II.
These were then pasted together and reduced for presentation in the
manual. The same was done for Figures 6.5 - 6.9.

The input data is 1listed in three separate tables as below.

1. Table 7.1 Input data for plotting hydraulic variables

in the Estuary = Figure 6.2.

2. Table 7.2 Input data for plotting water quality

variables in the Estuary = Figures 6.3, 6.4, 6.6, 6.7.

3. Table 7.3 Input data for plotting water quality variables

in the River = Figures 6.5, 6.8, 6.9.
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TABLE 7.1 INPUT DATA FOR PLOTTING HYDRAULIC VARIABLES IN THE ESTUARY
HYD.

1 48 3. 930,

2

1 5

2 9

T 1 10000. 10.  -10000, 10000,
Q 1 1 48. 2500,

T 2 20000, 10,  -10000, 10000,
Q 1 0 1 48 2500,
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TABLE 7.2

WOUALZ
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2

1
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D
S
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D
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NH3
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INPUT DATA FOR PLOTTING WATER QUALITY VARIABLES IN THE ESTUARY
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NC3
NO3
NO3
NO3
NC3
PCN
PON
PON
PCN
PCN
PCN
PON

PON

TABLE 7.2

(Continued)

- b

-—db
B N ANt =t Bt DN ca Nt (D=2 £ et O N D et £ e

-l

-—

b

29
10.

10.
49

10.
49

10.
49
5.
29

29
S,
29
S.
29
10,
49
10.
49
10.
49
10.
49

« 96
.96
+96

» 96



oLT

TABLE 7.3

WOUALWY

NH3
NH3
NC 3
NO3
PON

PON

o < TN a ) -

L=

sy

DN ot et et N ek ot ot D) = b = O (N

3.

25
49
128
1
128
1
128
1
128
1
12¢
1
128
1

930,

5.
29
10.
49

29
10.

5.
29
10,
49

0.
0.
0.
0.
0.
0.

INPUT DATA FOR PLOTTING WATER QUALITY VARIABLES IN THE RIVER
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YIII. COMPUTER IMPLEMENTATION

8.1 Overlay Structure of FORTRAN Source Program

The FORTRAN Source Program consists of 47 routines. In order to
conserve storage certain of these routines can be overlaid. This overlay
structure s fllustrated in Figure 8.1, the corresponding job control for
IBM machines is given in Section 8.4.

8.2 Input/Output Devices and Unit Numbers

Input and output data sets are used for permanent and temporary
storage of information. The input datasets consist of the input data
itself and possibly a previously calculated hydraulic solution. Output
datasets consist of the printed output as requested by the user and
possible sequential datasets for the hydraulic and/or water quality
solution. These dataset numbers are identified in Table 8.1.

8.3 Program to Modify Dimensions

Because of the large amounts of storage necessary for a comprehensive
model such as an estuary including its tributaries, a special program and
utility program have been combined in order to allow the user to modify
the dimensioned arrays of the FORTRAN source program. The object of
this is to permit a special compilation of the FORTRAN Source Program
using dimensioned arrays that correspond to the needs of each particular
waterbody, its number of reaches and its required degree of discretization.
Such a compilation will -avoid the cost of previding for more computer
storage than is necessary.

To ifmplement this program the user must specify the maximum size for
the basic variables described in Table 8.2. These 18 variables determine

the size of the dimension statements. The corresponding input formats are
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given in Figure 8.2. Figures 8.3 and 8.4 fllustrate the flow of this
particular procedure which {s implemented by a combination of a short
FORTRAN program which f£1lls the dimensioned arrays and produces a
control dataset for replacing cards in the Source Program using the
IBM utility IEBUPDTE. The result of these operations is a newly
dimensioned source program, ready for compilation.

8.4 Job Control Language (IRM)

Job control language listings for IBM operating systems are

included at this point to facilitate applications with IBM equipment
and to provide guidelines for users who wish to implement the program
using the equipment of other manufacturers.

Tables 8.3, 8.4, 8.5, and 8.6 list the job control language for
compilation, link editing, execution, and plotting respectively.

These are to be used as guides: the actual JCL will depend on the

user's computer facility.
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Root Phase

MAIN

SOLVER

STORE

INTRPL

SEARCH

HGRAPH

PGRAPH

OUTL

FOXF

OVERLAYS
INPUT1 INITHY INITWQ INPUT2
BOOK HLATQ MLATQ OUTPUT
GRIND SOLVE FACTOR LATJEC
IRREG PARAM REACH WQSEQ
RETRAP BITRI QuisoL
CIRC BIROW BOUND
WQOPT AMATRX WQJECT
WQIN SALTRP SOURCN
TEMIN FIND DECAY
NUTIN COSINT CONSRV
OTHER DODSR
FLUX
TIMEZ
FIGURE 8.1 OVERLAY STRUCTURE
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TABLE 8.1

INPUT AND OUTPUT DATA SETS

INPUT DATA SETS

FTOSF001 Input Data

FT10F001 Hydraulic Solution

OUTPUT DATA SETS

FT06F001 Printed Qutput

FT10F0O01 Hydraulic Solution

FT11F001 Water Quality Solution

FT12F001 Temporary Storage for Hydrograph

FT13F001 Temporary Storage for Hydraulic Profiles
FT14F0Q01 Temporary Storage for Water Quality Graphs
FT15F001 Temporary Storage for Water Quality Profile
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10.

11.

12.

13.

14.

15.

16.

17.

18.

kih

kji

kig
nk
nl
nil

nzq

ncf

nij
In
njh

njq

ngra
npro

ntem

matr

TABLE 8.2

LIST OF BASIC VARIABLES DETERMINING ARRAY SIZES

«~ maximum number of hydraulic mesh points in a network

~ maximum total of table entries for computational channel
cross—section data

~ maximum number of water quality mesh points in a network

-~ maximum

- maximum

- maximum

-~ maximum

number

number

number

number

conditions

of
of
of

of

reaches in a network
lateral inflows in a network
table entries for lateral inflows

table entries for hydraulic boundary

~ maximum number of table entries for water quality
boundary conditions

-~ maximum number of

-~ maximum

- maximum

- . maximum

-~ maximum

- maximum

- maximum

- maximum

- maximum

number

number

number

number

number

number

number

number

conditions

of

of

of

of

of

of

of

of

injection points

table entries for injection points
constituents

hydraulic mesh points per reach
water quality mesh points per reach
nodes (>nk + 1)

time graphs hydro or quality
profiles

table entries for meteorological

~ maximum number of elements in banded node matrix,

maximum value (full matrix) = (2x no. reaches + no. nodes)

For large systems reduction may be worthwhile.
Output will give actual size required.
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CARD 1

SWITCH TO CONTROL LISTING OF UTILITY OPERATIONS

LISTKY
15
i | : i F ; i i
LISTKY = 0O No list option on IBM IEBUPDTE utility
LISTKY > O LIST = All option generated on IBM IEBUPDTE UTILITY
CARD 2,3
SIZES OF BASIC VARIABLES
ISIZE 1SIZE ISIZE 1ISIZE |ISIZE 1ISIZE ISIZE 1ISIZE |ISIZE 1ISIZE ISI1ZE ISIZE | ISIZE ISIZE}] 1ISIZE 1ISIZE
(1) (2) (3) (4) (5) (6) (1) (8) (9) a0y 1an (12) (13 (14 1 (s (16)
15 15 15 15 I5 I5 I5 15 15 15 I5 I5 I5 15 I5 15
] i § i ; 5 i

Numerical size of 18 basic variables as described in Table 8.3.
Use 2 cards, ISIZE(17) and ISIZE(18) being in columns 1-5, 6-10 of the second card.

FIGURE 8.2

INPUT FORMATS FOR PROGRAM TO MODIFY DIMENSIONS
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USER DEFINED
ARRAY SIZES

T

FORTRAN PROGRAM
L_ SEE FIGURE 8.4

COMMON &
DIMENSION

Y

FORM CONTROL
RECORDS & NEW
COMMON/DIMENSION
STATEMENTS

FORMATS &
KEYS

FILE
FOR
UTILITY

Y

PRINTOUT OF
FILE FOR
UTILITY

IBM UTILITY
IEBUPDTE

IMEN. STATEME

REPLACE COMMON &

OLD
SOURCE
PROGRAM

NEW
SOURCE
PROGRAM

FIGURE 8.3 GENERAL FLOW DIAGRAM OF SYSTEM TO MODIFY DIMENSIONS
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LISTING OF
UTILITY
OPERATIONS IF




FILE OF
COMMON/

READ CRITERIA
FOR UTILITY
LIST.

DIMENSION
FORMATS

INPUT

NO.  CoMMO

NO. PROG
NO. BASIC V.

—_

4

LOOP BY NO.COMMON

INPUT § SETUP
COMMON
ARRAYS

|TINPUT PROGRAM

LOOP BY NO. PROG |

CONTROL INFO &
SETUP DIMENSION

ARRAYS

READ USER-
DEFINED
ARRAY SIZES

STATEMENTS

OUTPUT
DIMENSION
STATEMENTS

FIGURE 8.4 FLOW DIAGRAM OF PROGRAM TO MODIFY DIMENSIONS
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TABLE 8.3 SAMPLE COMPILATION JCL

//JCBLIB DD DSN=SYS1,PORTH225,LISP=SHR

//STEPH EXEC FORTHC,REGION=256K

//PORT, SYSLIN DD UNIT=TAPE,SPACE=,DISP=(,KEEP),LABEL=RETPD=8031,
/77 DSN=0UTOBJ

//PORT.SYSIN DD UNIT=2314,VOL=SER=HYDR)S,DISP=SHR,DSN=SOURBIG (MAIN)
// DD UNIT=2314, VOL=SER=HYDROS,DISP=SHR, DSNABE=SOURBIG (AMA TRX)
//7 DD UNIT=2314,VOL=SER=HYDROS,DISP=SHR,DSNAME=SOURBIG (BIROW)
// DD UNIT=2314, VOL=SER=HYDROS,DISP=SHR, DSNANE=SOURBIG (BITRI)
// ©D UNIT=2314, VOL=SER=HYDROS,DISP=SHR, DSNANE=SOURBIG (BOJK)
// DD UNIT=2314,VOL=SER=HYDROS,DISP=SHR,DSNAME=SOURBIG (BOUND)
// DD UNIT=2314,VOL=SER=HYDRCS,DISP=SHR,DSNABE=SOURBIG (CIRC)
// DD UNIT=2314, VOL=SER=HYDROS,LISP=SHR,DSNAME=SOURBIG (COSINT)
// DD UNIT=2314,VOL=SER=HYDBROS,DISP=SHR, DSNAME=SOURBIG(FACTOR)
// DD OUNIT=2318, VOL=SER=HYDROS,CISP=SHR, DSNAME=SOURBIG (FIND)
// LD UNIT=2314, VOL=SER=HYDROS,DISP=SHR,DSNANE=SOURBIG (GRIND)
// DD UNIT=2314, VOL=SER=HYDROS,DISP=SHR,DSNAME=SOURBIG (HGRAPH)
// DD UNIT=2314,VOL=SER=HYDBROS,DISP=SHR,DSNAME=SOURBIG (HLATO)
// DD UONIT=2314,VOL=SER=HYDROS,DISP=SHR,DSNAME=SOURBIG (INITHY)
// DD UNIT=2314, VOL=SER=HYDROS,DISP=SHR, DSNANE=SOURBIG (INITWO)
// DD UWIT=2314,VOL=SER=HYDROS,DISP=SHR,DSNAME=SOURBIG (INPUT1)
// DD UNIT=2314, VOL=SER=HYDROS,DISP=SHR,DSNANE=SOURBIG (INPUT2)
// DD UNIT=2314,VOL=SER=HYDROS,DISP=SHR,DSNAME=SOURBIG(INTRPL)
// DD UNIT=2314,VOL=SER=HYDROS,DISP=SHR,DSNANE=SOURBIG (IRREG)
// DD UNIT=2314,VOL=SER=HYDRCS,DISP=SHR,DSNAME=SOURBIG (NLATQ)
// DD UNIT=2314, VCL=SER=HYDROS,PISP=SHR,DSNANE=SOURBIG (OUTPUT)
// DD UNIT=2314,VCL=SER=HYDROS,DISP=SHR,DSNANE=SOURBIG (PARAN)
// DD UNIT=2314, VCL=SEB=HYDROS,DISP=SHR, DSNAME=SOURBIG (PGRAPH)
// TD UNIT=2314, VOL=SER=HYDROS,DISP=SHR, DSNAME=SOURBIG (REACH)
// DD UNIT=2314, VOL=SER=HYDROS,DISP=SHR,DSNANE=SOURBIG (RETRAP)
// DD UNIT=2314,VOL=SER=HYDROS,DISP=SHR,DSNAME=SOURBIG (SALTRP)
// DD UNIT=2314, VOL=SER=HYDROS,DISP=SHR,DSNANE=SOURBIG (SEARCH)
// DD UNIT=2314, VOL=SER=HYDROS,DISP=SHR,DSNAME=SOURBIG (SOLVE)
// DD UNIT=2314,VOL=SER=HYDROS,DISP=SHR,DSNAME=SOURBIG (SOLVER)
// DD ONIT=2314,VOL=SER=HYDROS,LISP=SHR, DS NANE=SOURBIG ( STORE)
// DD UNIT=2314, VOL=SER=HYDROS,DISP=SHR,DSNANE=SOURBIG (QUISOL)
// DD UNIT=2314,VOL=SER=HYDROS,CISP=SHR, DSNAME=SOURBIG (WOJECT)



08T

TABLE 8.3 (Continued)

//
7/
/7
7/
7/
//
7/
/77
7/
//
44
//
//
7/
7/
7

UNIT=2314,VOL=SER=HYDROS,DISP=SHR, DSNAUE=SOURBIG(WOOPT)
UNIT=2314, VOL=SER=HYDBOS,LCISP=SHR, DSNANE=SOURBIG (WOI N)
UNIT=2314, VOL=SER=HYDROS,DISP=SHR, DSNARE=SOURBIG (TENIN)
UNIT=2314, VOL=SER=HYDROS,DISP=SHR , DSNAN E=SOURBIG (NOT IN)
UNIT=2314, VOL=SER=HYDROS ,DISP=SHR,DSMANE=SOURBIG (OTHER)
UNIT=2314, VOL=SER=HYDBOS,DISP=SHR, DSNANE=SOURBIG (LAT JEC)
ONIT=2314, VOL=SER=HYDROS,CISP=SHR, DSNANE=SOURBIG (VOSEQ)
UNIT=2314,VOL=SER=HYDROS,DISP=SHR,DSNANE=SOURBIG (SOURCN)
UNIT=2314, VOL=SER=HYDROS ,LISP=SHR, DSNAME=SOURBIG {DECAY)
ONIT=2314, VOL=SER=HYDROS,DISP=SHR, DSHANE=SQOURBIG (CONSRV)
UNIT=2314, VOL=S ER=HYDROS,DISP=SHR , DSNA NE=SOURBIG (DODSR)
UNIT=2314,VOL=SER=HYDRCS,DISP=SHR, DSHEAME=SOURBIG (OUTL)
ONIT=2314, VCL=SER=HYDROS,DISP=SHR, DSNANE=SOURBIG (FPLUX)
UNIr=2314,VOL=SER=HYDROS,DISP=SHR, DSHNANE=SOURBIG(FOXF)
UNIT=2314,V0L=SER=HYDROS,LISP=SHR, DSNANE=SOURBIG (TIMEZ)



181

TABLE 8.3 SAMPLE LINK EDITING JCL

//STEPH EXEC LKED,PARM.LKED=°LIST,HAP,OVLY'
//LKED,SYSLNOD DD DSN=NOBJ,UNIT=2314,VOL=SER=HYDROS,DISP=0LD
//LKED,SYSLIB DD DSN=SYS1,ERROPTI,FORTLIB, DISP=SHR

/7/ DD DSN=SYS1.GRUMLIB,CISP=SHR
//TAPE1 DD UMNIT=TAPE,VOL=SER=062062,LABEL=(,SL),DSN=0UTOBJ,
7/ DISP= (OLD,KEEP)

//LKED .SYSIN DD *
INCLUDE TAPEY
ENTRY HAIN
INSERT MAIN,SOLVER,STORE,INTRPL,SEARCH,HGRAPH,PGRAPH,0UIL,FOXF
OVERLAY ALPHA
INSERT INPUTY,BOOK,GRIND,IRREG,BRETRAP,CIRC,WQOPT,WOIN,TENIN,NUTIN,
OTHER
OVERLAY ALPHA
INSERT INITHY,HLATQ,SOLVE, PARAS,BITRI,BIROW,AMATRX,SALTRP,FIND,COSINT
OVERLAY ALPHA
INSERT INITWO,MLATO,FACTOR, REACH,0UISOL,BOUND, WOJECT,SOURCN,
DECAY,CONSRV,DODSR,PLUX, TINEZ
OVERLAY ALPHA
INSERT INPUT2,00TPUT,LATJEC ,WOSEQ
NANE HYD7S5E(R)
V4.,

]
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TABLE 8.5 SAMPLE EXECUTION JCL

/7/81 EXEC PGH=HID75E,REGION=226K, TISE=1,CONL= (0, NE)

. //8STBPLIB DD DSN=WOBJ,UNIT=2314 ,VOL=SER=HYDROS,DISP=SHR

//PT05r001 DD DSN=SENDO3,UNIT=SYSDA,DISP=(OLD,DELETBE)

//PTO6F001 DD SYSOUT=A

//P?T10rP001 DD DCB=(RECPH=VBS,LRECL=12,BLKSIZE=3520,BUPNO=1) ,UNIT=2314,
7/ VOL=SER=HYDROS,DISP= (,KEEP) ,SPACE= (TRK, (22,4)),

7/ DSH=HKNEWY

//*T11r001 DD DUANY,DCB= (RECPN=VBS,LRECL=172,BLKSIZE=2400)
//7FT122001 DD UNIT=SYSDA,DSNAME=JUNK12, DISP=(NEW, DELETR),

// SPACE=(TRK, (40)) , DCB= (RECFN=VBS,LRECL=12 ,BLKSIZE=2059 ,BUFNO=1)
/721137001 DD UNIT=SYSDA,DSHNAME=JUMNK13,DISP=(NEW,DELETE),

7/ SPACE=(TRK, (40)),DCB= (RBCPN=VBS,LRECL=12,BLKSIZE=2059 ,BUFNO=1)
//PT14P001 DD OUNIT=SYSDA,DSNANE=JUNK14,DISP=(NEW,DELETE),

7/ SPACE= (TRK, (40)) ,DCB=(RBCPN=VBS,LRECL=20,BLKSIZE=2059 ,BUPNO=1)
//PTI1SP001 DD UNIT=SYSDA,DSNAME=JUNK15, DISP=(NEW,DELETE),

7/ SPACE= {TRK, (40)) ,DCB={RECFN=VBS, LRECL=20,BLKSIZE=2059 ,BUPNO=1)
//?T1600% DD DUMMY,DCB= (RECFPN=VBS,LRECL=172,BLKSIZE=2059)
//79*172001 DD DUMNY,DCB=(RECPN=VBS, LRECL= 172, ELKSIZE=2059)
//SYSODUMP DD SYSOUT=A

Ve
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TABLE 8.6 SAMPLE PLOTTING JCL

//STEP1 EXEC PGN=PLOT10,TINE=(,10) , REGION=92K

//STEPLIB DD DSN=FHOBJ,UNIT=2314,VOL=SER=HYDROS,DISP=SHR
/7/F1T10F001 DD UNIT=2314,VOL=SEE=HYDROS, DISP=(OLD,KEEP),
// DSN=XXXXIXX

//PT36P00Y DD UNIT=TAPE,DSN=LEW.CALCOMP,DISP=(,KEEP),

// DCB=(RECPN=VS, LRECL=504 ,BLKSIZE=508,DEN=2),
7/ LABEL=RETPD=1

//7FT06F001 DD SYSCUT=A

//7FT05FP001 DD * DATA TYPRIN

/%



8.4.1 Record Lengths, Block Sizes and Space Allocation

There are two principal variables in the determination of correct
record lengths for the temporary and permanent files used with the
program. These varfables are: (1) the total number of computational
(not user defined) hydraulic sections and (2) the total number of water
quality sections. These numbers are best obtained by a preliminary run
for input editing purposes only.

A. Record Lquggp

The record length for the hydraulic files (FT10, FT12, FT13) 1is
alvays 12 bytes, (2, 4-byte words plus a 4-byte count field). The
record length for water quality output file (FT11l) is: (number of
water quality sections) x 4 + 4 bytes. The temporary files FT14 and
FT15 for water quality graphs and profiles will both have a record
length equal to: (total number of water quality parameters) x 4 + 4 bytes.
Files FT16 and FT17 are not in use at this time.

B. Block Sizes

As the record form is variable-block-spanned (VBS), block size is
not critical, but can be optimized. For files FT10 and FT1l defined on
an IBM 2314 disk, optimum block sizes are 3520 or 7294 bytes. IBM 3330
disks have optimum block sizes of 2059, 2498, 3156, 4253, 6447 and 13,030
bytes.

C. Space

To estimate the amount of space required for the hydraulic output
(FT10) one begins with: (total number of hydraulic section) x 12, which
equals the number of bytes per timestep. The space required is then

estimated by multiplying the total number of timesteps per run times this
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figure. For water quality (FT1ll) one beings with: (number of water
quality sections) x 4 + 4 bytes. This quantity, the record length, is
then multiplied by the number of water quality parameters being calculated.
This gfves the number of bytes per time step. Again one can multiply by
the number of timesteps per run to get a total value. (Remember that the
timestep for water quality calculation can be different from that for
hydraulic calculations.)

8.5 Programmed Error Messages and Traps

In a programming system of this size the number of different errors
and omissions possible through the incorrect or misunderstood preparation
of input data is significant. It is recognized that this particular

programming system, being a developmental system, represents the combined

programming efforts of many investigators. There are undoubtedly some
particular combinations of input-selected actions (flow paths) which may
discover an error or program bug. During the application of Surveyer,
Nenqiger & Chenevert (1973, 1974) to the St. Lawrence River considerable
additional programming was implemented to trap certain types of errors
and also to edit errors in the input data. It is through these traps
and error messages that the user will be able to correct his input data
and proceed to the calculations with the minimum of program debugging.
Included in these error diagnostics is the possibility of disabling the
computation by timestep so that the computer can check out the input data.
Despite the effort made by all those who have developed and applied
this program, it is recognized that errors may exist and may appear from
time to time. It is hoped that users will communicate any findings to
the R.M. Parsons Laboratory so that an updated version of the computer

program can be maintained.
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I.a Input Data for Estuary Hydrodynamic Solution

TEST CASE HYDRODYNAMICS AND SALINITY UNSTEARY FLOW

1 2 1
1 2 2
1 3
S 0
1 8 44640,
2 3 0
1 1 1
2 2 2
REACH ONE
1 2 1
«C0001 .018
1 A 5 13,0
10070. 1G0". 0.2
REACH TwO
2 2 1
C.00001 «718
1 5 13.0
20009. 1507, J.0
WATER QUALITY DESCRIPTICN
) 1
50, 15000, 3N300,
1 15
Ce 103%5. 2200,
5000. 5500. 6200,
10009,
OVERRIDES 1l
S 3
0. 0.
5300, (e
10000. 0.
2 25
0. 1000, 2000,
T000. 8007, 8500,
11000. 1154¢. 120C0.
17000. 18030, 19000,

17.0

17.0

3300.
6500,

32000.
3000.

13C0C.
20C00.

2

w N

1¢G0J,.

15.1

200409,

15.9

3509.
7CCO.

4000.
3500.
14009

2

"1956-

-7726.

‘0')30.
8C00.

5000.
ICO'.)Q .
159C0.

Card Group A

Card Group B

Card Group C

4500.
9900.

6000,
1050¢C.
1600%5.
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OVERRIDES 2

. S 17
0. Ne
5000. Q.
8000. De
8500. 10.
90000 200
9500. 55.
10000, 150,
11000. 525,
12C00. 1175.
13000, 2050,
14000. 3625,

15000, 6550,
16000. 1C025.
17000. 12700,
18000, 13545,
19000. 1363C.
20000. 15036,
DESCRIPTION OF LATERAL INFLOWS

0
DESCRIPTION OF INJECTICNS

0
HYDRAULIC DESCRIPTIUN GF THE NODES

1 2 1 1

15.10 1000.
2 h)
3 1 3 1
15.9 1¢00. 44649, 4.0

HYDRAULIC OUTPUT PARAMETERS

2

1 10C3C. 1

2 20000, 1

4

1 24 1

2 24 1

Card Group D

Card Group E

Card Group F

Card Group G
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1 44 1

2 48 1
WATER QUALITY BOUNDARY CONUITIONS Card Group H
1 P 1 1
S NN
2 0
3 4 1 1
0.0078
S 15C7G. Card Group I
WATER QUALITY QUTPUT
3
1 5CQ0. 1
1 1CClC. 1
2 10C00. 1
4
1 a 1
2 8 1
1 16 1
2 16 1
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I.b Partial Output Estuary Hydrodynamic Solution
TEST CASE NYDPIDYNAMICS AWD SALINITY NeSTRADY vL0W

VOSSPSR I RG0S 00NSEE0SEORRIRRENPONN0EIDNCREEROOBESNGONACERCOITERICICIEERBROEPECENISNERECINEEEANENNOREROEOEEEeRENe

NYDRAOLIC SOLUTION OPTIONS

SOLOUTION CONPUTATIONS o EXECHTPD

SOLUTINR PYPR » TRANSIPET

SOLUTION STORAGEK = SXPCOTPD

SETVORK TYPS = RSTUARY

AYDRAOLIC INITIALISATION "RNR TAPE = DEZLETRD

CATER QUALITY SOLOTION OPTIONS
SOLUTION CONPUTATIONS o EXECUTED

SOLUTION TYPR = TRANSIENT
SOLUTION STORAGE = DELETED

VATER  QUALITY PARAMETERS B-TAYLCR 40LTIPLE = 3
SALINITY CALCULATED

50 OUTPUY TO OPPLTNE PILES

SOLUTION TINE PARANBTERS

YOUBER OF PEAIODS = 1 LENGTA OF PERIOD = #8640, 0
BONBER OF HYDBAULIC TIRE STBPS PEN PFRICD = &% LENGTH AP HYDWAULIC TIN® STRP = 93,9
BAXINUN ITERATIONS PNR INITIAL CONDITIONW = 6
ERROR TALPRANCE POR IRITIAL CINDITION = 0,0500
WOABER OF LEAD-IN PERIODS TO BE READ PROY TAPT = 0
YORBER QP LEAD I INCRENRWYTS [P PTVYER STUDY = o
WORBER OF WATER QUALITY TINS STEPS PSR PERIND » 16 LENGTN 2" WATER OUALITY TINE STEP = 2790,0

WERTVORK COWTAINS 2 RPACMES WHITH CONWECT 3 JUNCTION AND BOUNDARY WODES 0 CONTROL STRUCTOURR(S)
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V0O PSROOSISGU0AN DO IRORCEANGEAENNRARENCOICIITRSAAEUAEEPRAOER AN EANGRENEsRRRIREICORCEttNaREtstouesdtnststtdaskagdtatoes

HIDRAULIC DEBSCRIPTION NP THE RZACRES

VOB S0 00EOCR CUSHOCSBCRNNESOICRAEERREINORENPNPRACEN OO NANERIRAEERABSCOEsNTRREI ORI ARRSISERAERARRGRetedeaddoastedntng

DASCRIPTION POR RZACH ] REACH O%R

CROSS~SBCTION SRAPE = RECTANGULAR PRISHATIC
BOTTOR SLOPE = CONSTANTY
PRICTION COBPPICIENT = NARNING

RO ICP COVER

80TTON SLOPE = 0.0000%10 SIDE SLOPE = 9.9 TOTAL LEZEGTR N¥ REACH =
ESTINATED WESH SPACING = 2500.)0 rT

CONPUTED WNRSH SPACING = 2500.0N rT

RUABER OF HYNRAULIC NESH POTNTS = s

DATA CROS3I-SECTIONS = 1 TABL" ENTRI®S = 5 PIRST DEPTH = 13.000 pr LAST DRPTH =

10000.00 Pr

17,000 pT

SRCTION 1t X = 10000,00 Pr MANNTNGS N = 0,.01R0

BOTTOM WIDTH = 1000,00 PT BOTTIN EL®Y = 0,200 PT RADINS = G,0 Pt

INTTIAL SURPACT RLEVATION = 15,100 PT INITIAL DISCHARGP =  -1956,0) CP3

DESCRIPTION POR REACH 2 FRACH TWO

CROSS~SECTION SHAPPE = RECTARGULAR PRISAATIC
BOTTOM SLOPE = CONSTANT
PRICTION CORPPICIENT » RANNING
N0 ICE COVER
SOTTON SLOPE = 0.007010 SIDP SLOPE = 0.0 TOTAL LEWSTH OP REACH = 20000.00 PT
ESTINATED AFPSH SPACING s 2500,00 PT
CONPOTED ARSH SPACING = 250C,00 T
SUNBEN OP WYDRAULIC NESH POINTS = 9
DATA CROSS-SECTIONS = 1 TABLE FNTRI'S = S PIRST D3Z°"H = 13,000 P? LAST DEPTH = 17.000 pT
SECTION X = 20000.00 PT MANNINGS N = 0,01A)

BOTTON WIDTH = 1000.00 PT 8OTTON ELPY = 9.9 PP RADINS = 0,0 PT

TNTTIAL SURPACE ELZVATION » 15,000 PP INITIAL DISCHARGE = -7726.00 crs

GOSN CEEPENPEPRE N ENERNEECORAGREORNERIEETNEOPICOBET RPN S EERbSe

.
. 18 STORAGE LOCATIONS REQUIRED POR HYDRANLIC MPSH ARRAYS ¢
-

SLNEIP SN AENEEEPUR PSS EB ARSI NN ENCANS AN ERSANEOANORAGPOOSENESO YW

VEGACIOIRRCASE RN P A NORRNENSOAERABEETER IS ERTENRE
»

.
. 70 STORAG?Z LOCATIONS REQUIRED POR GRAEHS ¢
- -

VS RENSINN AR NEFEASSAANAES O RERARAGEBRATSETSRINTER
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000 0PSRN SECINRRERIRCERANEE AL IELERtTR OO ERE RN RRERARNCOReRIOROQUERCRAPREP R REeR It REeti e Ilenedesdastsstsntnttng

SYDRATLIC DESCRIPTION P THNR NODEN
S000000 00000 INPAINNAIEURESEENECUREREINRASISIOINEINRATEEEREEIONONEINSONOsOaEErItacetsREdiorededtessinsnttsaiigtie

PRESCRIBYD HYDRAULIC DOUNDARY CONDITIONS PoR ¥OOE 1 TIPS « DISCHARGY
BUABBR OF TABLE EWTRIES = | TINE DPOPUNTRCE a CONSTANT

TIAE (SEC) SURPACE PLEVATICN (PT) DISCHAPAR (CPS)
0.9 15,100 000,09

PRESCRINBED HYDRAULIC BOUNDARY CONDITIONS POR WODR 2 TIPP = JUNCTION

PRRSCRIBED NYDRAULIC BNUNRARY CONDITIONS POP NODE 3 TYPE = SURPACEL PLEV
WONOERN OF TABLE BNTRIPS » ! TIRY DEPEYDRNCY « STWUSOIDAL

PeRIOD (SPC) RANGE (TIPS Q8 *T) TIRE LAG (SEC) REAW SPRP BLEV (PT) WEAP DISCRARGE (CPS)
48640,00 4,09 0,0 18,2¢ 1000, 00

V0000060000080 000¢ 0008200 RRSRIOERTRRNESSERIRest0RINttasRortodanitsass
L] [ ]
. 2 STORAGE LOCATINNS RUOUIRZD PIR HYNRANLIC BOUVDARY COWDITIANS @
* [ ]
SEOEDNVSIG0 PSRN0 FE ISR RININERNEEORIRENSICEREEOEOTEEBRORBAINEORS

SOOCAPSGIONNNSOINRINIIRC U CENUROSNORERARRRINSNCIITARRERCROECRCE Pt ROUNIRO EORIBROdRINNEtRUALNEItEsSSsNBINORIRRNRRERINERtS
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000000000000 0000402 4000040 SATREtONINtetRiattiscerittintatsctacstatteRotatteeotentietittatninaitasadatiesstissaststcsase

OUTPUT PR CYCLE 1

(IITTIT T IIT IR T Ll d) SRR CEORENERCERIRASORGAUANEPOERBEOOENNCOEPEONAERRBOORIETIOEIRPUNCAROEO0INEaReRN RISt RENEteeoERal

WYDBOGRAPR POR NEACH 1 RRACH OwE
sECTION S Yt = 10000.0 DNRING PERIND 1§
TINE (SEC) SURPAC? ELRVATICH (PT) DEPTH (PT) DISCNARGE (CFS) YRLOCITY (PT/3PC)
0. 15,10 18,99 - 1956, 0.3
910. 15,48 15,28 -2313, -¢, 1%
1050, 15,64 15,08 -1037, -1.07
2790, 15,91 15,62 -966, -0,06
31120, 16,01 15,87 -TS, -0,.09
4650, 16,32 16,12 =173, 0,11
5580, 16,85 16,35 - 1548, -0,09
6510, 16,73 16,43 -932, -0,0%
) 7840, 16,86 16,66 -a13, -0,02
8370, 16,97 15,77 =110, -0.01
9300, 17.0% 16,85 an, 0.01
10230, 17,10 16,90 437, 0.01
11160, 17,12 16,92 A, 0.05
12090, 17,09 15,89 1253, 0.07
13020, 17,08 16,88 1592, €. 09
11950, 16,95 16,75 1895. 0,11
18880, 16.86 16,66 2064, 0.12
15810, 16,71 16.%) 2132, 0,14
16780, 16,57 16,37 272%, 0,17
17670, 16. 36 16,14 3261, 0, 20
18690, 16,12 15,92 3512, 0.22
19530, 15,87 15,67 3672, 0.2
20060, 15,62 15,82 3722, 0,26
21%9¢, 15,36 15, 1% 3763, 0.2%
22320. 15,10 14,92 1808, 0.26
23250, ", By 18,68 LLEEY 0.26
28180, 14,58 4,38 3796, 0,26
29110, 14,33 1,1 37, 0.26
26040, 1,00 11,08 3659, 0.26
26970, 11,85 13,68 1507, 0.26
27900, 13,68 13,08 3259, 0,24
288130, 11,45 11,25 1026, 0.23
29760, 13,29 13,09 2727, 0,21
10690, 13,16 12.94 2187, q.18
31620, 13,07 12,87 2006, 0.16
32850, 13,01 12,01 1629, c. 1
313880, 12,99 12.79 1237, 0.10
Jeutn, 13,00 12.8) B64, 5,07
15140, 13,08 12,88 ., 0.084
16270, 19,18 12.9% 78, n,ot
37200, 13,27 11,07 -820, -0.01
[LXRTH 13,81 11,21 =711, =1,06
19060, 19,60 1,40 -879, -0.07
Je99h, 13.A0 11,60 - 1099, -0,0R
“n920, 14,079 13,2} -1421, “0.10
W1AS0, 14,28 14,08 1718, 0,12
w27R0, 19,58 15,35 -1982, RO T
710, W, 81 14,60 -2707, -0, 14

[TIYDN 15,10 4,99 -168%7, -0, 13
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AVERAGE DISCHARGY » 1210, Crs

HYDROGRAPE PR REACK 1 REZACH *¥n
sEcTION L. 20100,9 OURINT PERIID )
TINE (SRC) SURPACE ELEVATICN (PT) DEPTH (PT) DISCNARGE (CPS) YPLACITY (PT/SEC)
0. 15,00 15,00 -7726, -0.82
910, 15,26 15,26 -7822. 0,99
1060. 15.9? 15,82 ~£367, “0.01
2790, 15,77 15.77 -57%), «0,%6
130, 16,00 16,07 -6882, -0,80
8680, 16,22 16. 22 -67%6, -0.82
5980, 16,81 16,81 ~6202. 0. 30
6510, 16. %9 16.9%9 8079, -0,27
%0, 15,73 16,7} -336)3., ~0,20
81370, 16,99 15.8% -2009, -0. 1%
9300, 16,99 16,91 «1909, -0,1¢
10230, 16.998 16.99 =728, =0,04
11160, 17,00 17,00 age, 0,09
12090. 16,98 16,98 1818, 0.1
13020, 16.9) 16.93 2760, 0.16
139%0. 16,08 16.85 1609, 0.22
183000, 16,73 16.73 4246, 0.2%
15810, 16,49 16.5%9 5227, 0.32
16780, 16,81 16,814 6118, 0.38
17670, 16,22 16422 7122, 0,48
18600, 16.00 14,00 8882, 0.51
19530, ¥5. 17 19,77 ARST, 0,56
20860, 15,92 15,52 90138, 0.59
21390, 15.26 15,26 9278, 0.61
22320, 15,00 15,00 9830, 0,61
23250, 1,7 19,78 LITT 0,64
26180, 19,40 18,09 9363, 0.6%
29110, 1e. 21 14,23 9098, 0,68
26080, 14,00 18,00 ngvs. 0.61
26910, 13,78 13,78 8357, 0.61
27900, 13,59 13.%9 7686, 0.%6
26830, 13,81 19,81 6970. 0.%2
29740, 13,27 13.27 6018, 0.86
30690, 13.19 13,18 4986, 0.38
31620, 11,07 13.07 3933, 0.30
32%%0. 13,02 13.02 2419, 0.22
33480, 13.00 13.00 1664, 0.1
10, 13,02 13.02 608, 0.0%
15380, 13,47 13,07 -0y, -0,08
36270, 13, 1% 19,18 1758, «0,13
37200. 19,27 11.27 - 1960, -0.30
38130, 13,81 13.01 -4278, 0.2
19060. 11,59 13.59 4632, 0,38
3199%0. 13,78 13.78 M YITR -0,.38
80920, 18,00 18,00 -597%, -0.8)
«1850, 18,23 1.2) -693), -0.49
$2780. 14,48 1a.08 =789, «0,%2
41710, 18,74 14,78 -1767. -0.%3
[T 15,00 18,90 1727, -0,52
AVERAGE DISCHARGY = 1023, crs

00000000004 00000800040000000¢E48848C0ASSEREESURLRESRARUIRRRRUREIGRERBRNGIONOROECEROIRICIRAEEEOAtEENelasnsesttdasdtdttns

HEDRAULIC PROPILE, TEACH 1 RPATH o%t
AT TIN® 22320.0 OP pERTOD |
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X (r?7) SHRPACE ELEVATICN (PT} DEPTH (*T) DISCHARGE (CPS) YELOCTTY (PT/SEC)
3

0. 15,00 18,89 ineo, .
2500. 15.11 14,83 1713, 0.1
5000, 15,10 18,8% 2800, 0.18
7500, 15,10 14,89 3107, 0. 21
10000. 15.10 18,90 808, 0.26
NYDRAULIC PROPILY, REACH 2 RBACH TWO
AT TINE 22320.0 or eeRIOD
X (P7) SURPACE ELPVATION (*T) DEPTH (PT) DISCHARGE (CPS) YELOCITY (FT/92C)
0. 15, 10 18,90 jeos. 0.26
2500. 15,019 18,9) 4655, 0.31
5000. 15.10 14,95 $213. 0.35
. 7500. 15.10 18,98 6059. 0.40
10000. 15.09 18,99 6620, 9. 88
12500, 15.07 15.00 67, 0.50
15000, 15,05 15,00 8026. 0.5
17500. 15,01 10,99 887), 0.59
20000, 15,00 15,00 9430, 0.63
WYDRATLIC PROYILE, REACH 1 REACH ONE
AT TINR 44640.0 or PERIOD 1
1 {rT) SURPACE ELEVATION (PT) DRPTH (PT) DISCHARGE (CPS) VELICITY {PT/S2C).
0. 15, 10 18,80 1000, 0.07
2500. 15,10 14,83 259. 0.02
%000, 15,10 18,05 -840, -0.03
7500. 15,10 18. 88 -1221. -0.08
10000. 15.10 14,90 -19%7., -0.1)
RIDRAOLIC PROPILAR, REACH 2 BEACH TWC
AT TINE 45640.0 OF PERIOD Y
X (rr) SURPACE ELEVATION (PT) DEPYN (PT) DISCHARGER (CPS) VRLOCITY (PT/SEC)
0. 15,10 18.90 ~-1957, «0.13
2500. 15.07 18,90 ~31380. «0.,2)
3000, 15,10 18,95 -3821, «0.2)
1500, 18,07 w,.9% -4881, -0.32
10000, 15,10 15,00 -4873, «0.32
12500, 15,07 18,99 -6287, -0.42
15000, 15.09 15,00 -6310, -0.82
17500, 15,03 15,01 ~7716, ~0.51
20000, 15,00 15.00 -7727, -0.52

"‘.“..‘....‘.“..‘..l“....‘.0..‘..“..'..‘.‘..'....“..‘.‘...'"‘....‘O“‘..‘...“......-C."..‘..‘.‘.."‘..“......
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I.c Input Data for Estuary Water Quality Solution

Card Group A
- TEST CASE HYDRCDYNAMICS AND WATER CUALITY UNSTLADY FLOW

2 1 2 2 1
1 1 1
5 3
S Q 1
T 2 0
CB8OD 0 1
NUTR ) 1
00 2 1 3
10 48 44640, 3,0 1 0.C5
2 3 0
1 1 1 2
2 2 2 3
REACH ONE Card Group B
1 2 1 1
«00001 «018 10CCO0. 2500.
1 5 13,¢ 17.0
IOCOOQ lOC'.)o C-Z 15.1 ‘1956.
REACH TWO
2 2 1 1
0.00C01 018 20C00. 2500,
1 5 13.3 17.0
20000, 1000, .0 15,0 -1726.
WATER QUALITY DESCRIPTION Card Group C
S 1
50. 15000, 30000.
T 2
C800 1
ceoo 0.1 1eGGT
NUTR 1 0 Se
4
1l 0.03
5 0.18
12 0.60
24 0.01

DO 0



66T

Oe
7000.
11000.
17C00.
OVERRIDES
S
0.
5000.
8000.
8500.
9000.
9500,
10000.
11009.
12000.
13C00.
14000.
15000.
16C00.
17000.
18000.
19000.
20000.
T
5000.
CcBOO
5000.
NH3
0.0
10000.
15000.
NC2
0.0
15200.
NC3

2 25
2"-‘;);’0
85C0.
12000,
160CO.

1003.
8000C.
11579,
18C00.

3070.
9C(0.
13°00.
2CC00.
2
17
0.
0.
1%,
20.
55.
150.
525.
1175.
2050.
3625,
6559,
10025.
12709.
13545.
13630.
15C00.

o
@

w
®
WO e

4790,
9500.
1400,

50")0 e
1000C.
152C9.

63C0.
10500,
1600:’ .



00z

0.
5000.
10000,

OVERRIDES
S
Qe
5000.
10000.
T
5000.
c8a0
5000.
NH3
4500,
5000.
5500,
10C00.
NC2
0.0
NO3
5CCO0.
PHYN
5000,
ZOON
SCCO.
PON
4500.
5000,
$500.
DGCN
4500,
5009.
$500.
[3]8]

100 .
550

Oe
0.

D
1
68,
1
3.9
4

.1
ol
ol
3

5.0

2CC0.
€700

15

3000,
653

35C0.
77C0.

4CC0.
800‘)0

4500.
3000.



T0C

Ve o b
12000. 5
1720C, ol

PHYN 1
5CC0. o2
ICON 1
5000, o2
PON 3
C.D o1
10000. 2
15C00. o b
DCN o1
5000. o1
15]0) 1
0.0 5.0

LATERAL INFLOWS

DESCRIPTION OF INJECTICNS

2
1 1 5230 1
Cceoob NH3 NO2 PON DON
O. 2502. 1668. 166.8 834,
2 2 100{0. l
3g00D NH3 NC3 PON DCN
0. 5004. 3136, 333.6 1668,
WATERQUALITY BOUNDARY CCNDITIONS
1 1 1 1
S Q.
T 68,
Cc8OD 3.
NH3 el
NO2 04
NO3 .06
PHYN 25
ZCON 17

PON ol

834,

1668.

Card Group D

Card Group E

Card Group H



zoc

DCN

oC
2 2
- 3 4
.0078
S 15CCC.
T . 68.
ceoD 3.7
NH3 06
NO2 .01
NO3 W03
PHYN 15
ZCON ol
PCN ol
DON ol
00 7.0
WATER QUALITY QUTPUT
10
1 2500,
1 5CCO.
1 7500.
1 10000.
2 SGQO'
2 75C0.
2 1acqcQ.
2 12500.
2 15029,
2 253CCO,
10
1 16
2 16
1 4
2 4
1 8
2 8
1 12

« 05
2.

10
10
10
10
10
10
10
10
10
10

10
10
10
10
10

Card Group I



£02

)

12
1€
16

10
10
1C
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I.d Partial Output from Estuary Water Quality Solution

000000000 0000000 0000000 R0RCCS0SCUCECSSSOLR 00RO DROBORRINONNIIBININIIPPOCI000N000C00000000000000000080E00T000CERO0RRNTS

TRST CASE RYDCODYWANTCS AND WATEF MLITY YNSTRINY ®10W

SEOONOGNEINPNNC ISR OOCONRUNESOR0AN0LS00 000000000008 0R0000000000000SINICRORERP0ORTENEIOORROITSTSE

AYOPADLYC SOLETINR HPTioms

SOTUTYON CCYPUTSTIONS = CELETRD

SOLNTION TYPR = STEADY-STATE

SOLUTION SPYMIE = DFLPEIED

ARTENRR TYPR » RITOAPY

ATORANLIC INITIZLIPATICR PROW TAPY = FXYIUTED

WATPP OMALITY SOLUPION CPTIANS
SOLOTICN CONPAITATIONS = RX®CUTED

SOLUTION TYP® = STEADY-STATF
SOLNTION STYRME = BXACOUTED

UATRP OMILITY PARANETEDS P-TAYICP SOLTIPLR = 1
SALINITY CALCULATED

TEAPRAAT AP CoNsTAN"

80,0, (CARR,) CALCULATED

ARNORIA NTTROGE® CALCOLATED

NYTRITE RITRNGER crrcoLaTe®

RITMATR NTTOMGEN CALCOLATRD

PRYTCPLANKTOD - ¥ CyVLCULATED

7O0PLANRTON - W CALCOLATRD

PARTTCOLATE ORG. = ¥ CALCULATED
DISINIIND HMi., -+ ¥ ~CAICOLRTPD
DISSOLYED “XT4EY CPLCULATED AR A PUNCTION C® C<BOD & N~30D

OUTPUT TH OPPLINP FILES FOe

savmmreY

B D. (CAPD.)
LUNOARTA NTTRAGYY
NITAITE WITO AN
WITRATE VITRII™N
PRYTAPLANKTOR -
T90PLANRTNON - W
BARTTCHLATE IR, -~ %
DISSOLYED O3, - @
NISSOT IPD IR

SALA®INN *TA® P) BLVRTERS

AMP SR ~® oPRTING = IF TENQTH "7 PPRT ) = durul ,”
RNPRRE P HYNOANLIC TTPE ITFPS Pl TFTT™D » 44 IERNG T % IYDINULTC LI ST=D = a2q,0
RPYIWMY TVPPPRINEE PO INITIED CPNDITYCY e 1

ZRTIP TILERANCT TCH INITTAL CCMDITION = 0,0700
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WURBER AP LEAD-IN PERIODS TJ BE READ PRAY =ABZ = 0
NOMPE® A% LEAD TN INCREMENTS IP BTVTP STUDY =  °
NURBE® 5% WATE® QUALI™Y TIVZ STPPS PEF PR?IID = 16 SERITE A7 WATSR OMALTTY TINE ST& = 2719,

WETWORK CONTATNS 2 RBACHPS WHICH CONNECT ¥ JUNCTINN BNL BOUNDARY NIDZS & CONTRTL STRPUTTHTR(D)

1 TPACH Th = 1 UPSTRBIN %JIDE = NOYNSTIZA® xHDOT = D
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"0 CO0OR000000800080 00000000 E0CREI0O0000CR00COREIIRNITRGRENOORERE0RSOECECI0OONNRENEIOOOIORIEDS

SATPRQUALITY 920WDA®Y COSDITIZRS

* 00 SI00R0L0EIRE00E00000000000000500000000000000000000600000890800080000000008
PRESCRIDED SATEP QAALITY BOUNDARY COSPITIONS PCP WODR ¢ TYIPE = CONCEMTPATTYCON
SEMER A7 TASLE BRINILS ‘ TINE DRPEENDENCE » CONSTANT

TASLE EINTERIES PO SALINITY

TIRR CONCENTRATION
s | 4]
[ "

TASLE BWNTRIRS POF TEAPRRATONE

TIAR CORCPSTIATION
sec trG.?
Q. 0.6000008402

TADLE ENTRIES P P B.2.D. (CAPD,)
TINR CORCRNTRATION
(44

Lige
Q. 0.100000%.0"

TASIE SNTRIES POR MAACHIM NTTPCGRY

TR COBCENTRATION
a0~

PN
0. 0, 1000008+00

TABLE ®NTRITS ®O9 NITRITE NITPCOEN

Trev CONCENTRATICN
sec pPY
. 0.800000%2-01

TABLE RYTPIPS POR NITRATE RITPOGEN
ey CONCERTRAT IO

ger

Fen
n, 0.£00000%-0"

TABIE RATRTOR ONF PHYINPLANKRTON o

otor CANCPNTIRTICN
qer~ npw

n, 0,250000%+00



L02

TABLE ROTRI®S P2 ZOJIPLMPOKTCN - ®

™ne COBCTNTRATION
S8C {44
. 0, 170C908e(C

TABLE SATRIES POF PARTICULATF €3G, - W

IR COBCENTRATION
srcC ° mm
0. 0.100000%+00

TABLE RYTRIES POR DISSOLVED "RG., - ¥
TIN® COUCEBUTRATICH
swC | 1]

0. 0.%000002-01

TABLR ENTFIES POR DISSOLVED OXYGEW

TN
sec rm
0. 0.0000008+01
PRESCRTBED WATEY QUALITY BOUMDARY CCMDITIORS POP RIDE 2 TYPP = JOANCTION
PRESCRIBEN BATER QUALITY ECUMDARY COMNDITICNES PO® NJDPF 13 TYPY = CCERAR BOUNDARY

TIN® CONSTINT POR CONCENTRATINN CHANG® OM PLOOD = 0, 7TR000E-02
SPOCIPTIED 2CEAN CONCERTPATION

SALTSITY 15000.00 PRy
TRRPERATURY 60,00 DEG.P
8,0.0. (CARB.) 3.70 pen
ANNANIA NITRCGE™ 0.06 Ppn
WIT*ITE HITROGEN e PPN
RITRATR NITROGEW 0.03 pow
PRYTIPLIEKTON - ¥ ~.15 PN
ZNIPLANKTIN - W 0.10 PPY
PARTICULATT CPG, -~ X C.1» PPA
DISSNALYED <R3, - ¥ 0.10 1441
DTS3IVYED CYYGEN 7.00 PPN

COSEIBINIIECESOSINOEIROEOEORECEGEN0IINOEIPORINIOINERINEONEIINIINIEIOOII GOSN
. .
. 2 STARMG® 1ICATIOINS RPQOUIRED PAF WATEP QUALITY BAYNDA®Y CONDITIOKS ¢
. .
COESENNIES0E0 0000000400080 2000080800000000000000000080000880008000808000¢

G000 EOS S SN0 CNNGE SR 0REPOANOCECENRIPEOOCOOOOORECROCEEER R AREARRICRPERELO ROt ITOIIORRIENNOOIUOOPOINNEOROetNEEIOIIRICOEIISEDS
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QUALITY CRAPW SCp P Cw

TINE

SECIND

9850,
[LLT LIN

%

SECITAN 15

SALT™, TENT

(44 o%3,. 7

0, &R, A2
0. 48,00
. s8.%¢
0. 58,00
. LLN 44
0. 48,00
TR
0. 68,00
A, Aaen
0 £8,00
€. 69,00
o, 49.00
ST
LB 44,00
% 68,0n
0. 68,00
LSRN 3

L]

AVERAG® TORCRNTPITICHS

T (2. PN

%000,0 DUNTING ®ERIND

RPACH TNF
} 2B
cerep LX)
L 4l [ 44.]
3.98 1,266
4,16 11,4180
8,39 1,600
8,87 1.6732
4,15 1,608
.19 0.7878
2.,4n ~,2789
2,03 0,237
2.%C ".239)
2,52 0,222°
2.%0  C,2015
2.6% 0.2779
2,75 .38
2,9% 0.4997
J.e1 " .m262
3,87 1,1878
3,9%  1,2u26
3.28  T.7805

no2

opn
fL.Luns
0.0582
€, 16"
0,0656
,r688
0.0 38
[ Bl )
0.0364
[P L
0,064
.57
0,0372
[T 23]
0,040
r.rery
0,0842
e L)

Cofuny

LLak)
P2y
1.1899
0.2085%
C.2278%
0.23%8
L2183
N, 187¢
¢,.059
02,0891
L LYY
n,0987
ﬂ. R.,"
0.092%
ALy
0,1134
. 1468
0, 1807

rorann

LY R

A

PHYR

PPA
L.2v2f
0.228%
r.2238
0,223
N,223
0.226¢
{.2267
0.2262
229
0,2206
7.222%
0,299
Ne217%
0.2160
2152
0,213
T.2178

V.2218

ey

pree
AR TTE
0,16%7
v.16"%
0.169%
(.Y690
0,197
2.160€
0,%71%
£,1702
0,177
2,180
0,141
a.1013
0,799
1701
0,1170
17610

G, 1?2

prw

PP
1, 6R%Y
4,172
“.h682
0, 20K
", 190)
a3, 8540
f,2nm
0,175
~. 18R
0,795
f, 10
0. 7060
X ihld
0,310
“.8764
0, 6U26
AT

0,457

nor

en
*.5082"
0.6%90
f.7390
0,764
".€589
0, 3450
f. 11074
0.0%24
2.0052
08,0984
“a1776
0.1250
1574
0.2
.39
0,5%499
”.%829

0,379

[\)
poe

7.27
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QUALITY SNAPR SNR WRACT

b A 4

SECOWDS

0.
2790,
s%80,
#3170,

11140,
13980,
16780,
19539,
22320,
25110,
27900,
30690,
33880,
36270,
19060,
N188h,
saka0,

0.

SeCTIAN

SALIN,

L4 4]
-0,
0,
0.
=0,

29

"gno

DEG.P
68,00
€9,00
£8.00
68,00
68,00
62,00
6£8.00
50,00
68,00
68,C"
58,00
58,77
50,00
68,07
AR,00
£8,0°
58,00

1

REACH %P
Y s 10000.0
CBRID LLK]
4 4] PO
1,89 0.3499
1,22 0,959
1.91 0.4097
1.9 0,426
1,90 0,417%
1,90 r.3872
1.81 00,3325
1.87  (.2960
2,05 0.3500
2,25 C.u672
2,29 0.47u8
2.2C ".3677
2.11 0.2788
2.7 {.25M
1.96 0,253
1.86 (.207¢
1,49 0,3500

AYPRAGR CONCPNTPATIONS

9.

8,00

1,909

| LA K]

M2
bt ad
0.06%2
(.C730
0.2769
.00
0.040?
€. 768
0.0679
(.,590
0.062R
C." 768
0.07¢1
[ TN
0.054)
{7516
n,Nc28
(.(569
0.06¢€12

0.N672

pPRRICE

n31

sop
n,1212
4,113
0,12350
RLYS]
0,1622
A, 13179
0, 12R7
2,121
0, 1268
A.1380
0, 1301
“.12%9
nN,1126
LR LY
0, 10AR
f,1171
0,121%

0,1270

PHYY
L 44,]
0.2026
.27
0. 1397
0,271C
0. 1366
2,1914
0,1323
2. 1986
0.2061
6,2057
0.2021
., 1978
0. 1955
l.1946
0. 1362
7. 1767
0.179%3

0, 1958)

70N

b4 4.
[ L
2.153?
09,1562
"W 187
0, 1641
L1617
0.1626
£.1699
0.1772
1852
0,1862
£.1857
0,19%9
.13y
0.1740
2,1K29
0,160

0,1700

PN
L
9.25%6
€.2812
0, 2901
AL
9.29945
.2817
0. 2540
s02370
0. 2654
. 3183
0,186

M.2642

0. 2205
2%k
0, 206¢
*.2195
0, 25613

0, 519

0,107%

02

PE®

7.10
A.99
.93
0,h2
e
£,8R
£,08
U6
5,90
~.A2
f.R7
€.9H8
7.0%
T €
.10
7.7
7.09
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QOALITY GRAPW ©OR *ERCn

TIA®
S INDS
°0
2790,
5580,
n70.
11180,
13980,
15780,
19430,
22329,
25110,
271902,
106940,
M,
36270,
3906~
SR80,
asenn,

SETTIIN

satre,
e
106,
380,
880,
1638,
2289,
22h8,
188,
964,
1932,
79,
.14,
1.
7.
7.
-1.
.l
e,

25

renn
oga. ¢
L
5,00
TN Y
8,00
68.0¢
68,00
e cn
8,00
sa,rr
£8.00
8, rn
«a, 090
«n,re
8,00
N
«A,00
sR 0

b

REACP TH?
¥ . 10000,0
CrYD w3

ven 44,1
1,66 7,.6u26
1,431 0,78%7
1.91 ~,.7865
2,03 0,79%
2."9 ~,7814
2.0 0.7478
2.0 " RCES
1,93 0.7970
1,80 ~,7269
1.6% N,5Y21
YuhY L NGRR
1.8 D,0%13R
YeR6 L8299
2,42 1,090
2.1 7,89C¢
1.52 0.5%302
1.46 ~,6827

AR 3E CONCONTR) TTONS

LLLN

&u,00

1,79

“.T224

nnoe NG fEd-Tn

"2
pon
Le"963
Q, 1098
(.11
Q.1124
“. 1R
0, 1072
~attne
0.110n
.1
0,na00
€.razs
n,NRe7
f,"8313
0,046
Vel Bu?
00,9942
C.,"378

¢,%905

wer
ape
1. 22%
0,253
“L288"
0,251%

hEYS R

PHYN
PPy
T.1822
0, 1892
£,1832
0,177
[P hh B
0. 1697
“ 1699
0. 137
£,171%
0,1778
T L1948
0. 11957
te1922
C. 1007
TN
0.1+ 28
b T L)

r 1780

f el
pop
P Lo/
0.1707
“e 120
0,178
KT LA
0, 1678
7.1607
3.1714
f.17%9
9.17%4
Te1232
0,130
Y1787
Gt 70¢€
DPALL 1
3. 1%%0
CetRT?

NRRLL)

roY

ppe
r a8
n, 5191
T.,81%9
0. 512
°. 5196
n,%21%
S RN
0,821
"L, 470
0,429
"L3R52
9,773
IR
0.K340
LR ]
0, 3967
B,639%

YL ]

ock

pPpe
£, 1988
0,238%
Te281F
0.2uR?
{2891
0.251¢
.28
0.2521
v,2231¢
V. 1790
741357
N, 1317¢
0,2143
0,4059
0,292
n.1%94
Y. 2000

L2

6,48
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ONATITY 2D

hd s 1
SPTINDS
.
2790,
$SA°,
8370,
11167,
13950,
16742,
19530,
22920,
2%110,
2790 ¢,
30490,
33e9C,
3€270,
I9CH0,
81850,
[TTI LN

9.
OMALYTY G ®APH

TINE
SPCONDS
n.
2799,
cx80,
RITF,
11160,
1395¢,
16740,
1953,
22320,
%1144,
27900,
10692,
3480,
38271,
19060,
41885¢C,
heun,

03 e
[1 kot

sy,
npa

6061,
992¢,
108TE,
11370,
11996,
10085,
LITEN
7582,
5672,
1691,
2223,
1358,
1718,
1082,
1376,
2602,
6481,

1

TPRT

;] {-0% 4
[L )
58,10
68.0"
68,00
£9,("
43,00
68,0 C
£8.00
L3 N
£9.00
fR,7L
€8,00
68,70
48,00
R, CN
58.00
68,°%

e TH”

AYPIART TONCENTPRTITINS

ANSR,  68,CC
POR NWEACH
sravye 42
saprx,  trA2
PP 2EG, P
15000, 68,00
15FAa, 68,00
15000,  €9,00
165872, /4,49
15%6,  6R, 00
15017, 68.C0
19257,  £8.00
14182, 68,°C
12205, 8,00
"us, RALCH
7956, £49.00
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TEST CASE HYDRODYNAMICS THROUGHFLCW

1 1 2
1 2 1
4 75
T 2 0
CBOD 9 1
NUTR 0 1
Do 0 1
1 384 357120,
2 3
1 1 1
2 2 2
REACH ONE
1 2 1
G.00001 «218
1 5 13.0
100000 100”. 0.2
REACH TWwWO
2 2 1
«00071 .18
1 5 13.0
240007, 1CC.h. J.0
WATER QUALITY DESCRIPTION
T ]
C80D 1
ceob C.l 1.047
NUTR 1 0
4
1 0.C3
5 0.18
12 0,60
24 0.Cl1
V] 0] ]
1 15
O. 103, 2090,
5000. 5500. 6000.

3.

w N

17.90

17.0

Se

30000
6500.

1cneo.

15.0

20CJ0.

15.0

35C.
7C00.

10

"II.a Input Data for River Hydrodynamic and Water Quality Solutions

«05

2540,

10C0.

2570,

1060.

47310,
8C00.

4500,
9000,

Card Grbup A

Card Group B

Card Group C
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7000,
11000,

17¢00.
OVERRIDES
T

5CCO.
csaoo ,
5000,
NH3
O.
80Cco.
10000,
12000,
2CC00.
NO2
0.0

NC3
50C0.
PHYN
5000,
ZGGN
SCO0.
PCN
0.
800N,
1CCO0.
12220,
20000.
OCON
O.
8000.
10000.
12G0C.
2CC00.
DC

8000,
115°C.
12C Q.

2

1

69,

l

2.0

S

o3

3

l.

o3

3

1

D.04

1

5

1

o2

1

o2

5

o1

ol

o5

el

ol

5

el

ol

5

ol

ol

1

5.0

85C0,
12009,
19Cﬂ00

9CCO.
1300C.
23009,

1¢cc’,
15C€C0.

10500,
160C3.
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. 15€0G.
OVERRIDES
T

5C00.
CBOD
5000.
NH3
Q.
4000,
5CLU.
6C00.
19¢C0.
NO2
2.0
NQC3
5Cu0e.
PHYN
5C00Q.
200N
5000,
PCN
0.
4CC0.
5C20.
6000.
10000,
DCN
Qe
4000 [ ]
5C00.
6C00.
1080G.
DO
'-'J.O

J.

€8,
L P
3
v3
l.
o3
3

NeCo

13.G.

25
2077

3370

4200,

5056 .

6J79.
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LATERAL INFLOWS
CESCRIPTION OF INJECTICNS

2
1 1 5090, 1
c8oD NH3 NC3 PON CCAN
0. 2502. 1668. 1€6.8 834.
2 2 170603, 1
cBOoD NH3 NC3 PON CCN
C. 5004, 2336, 323,6 1668,
HYDRAULIC OESCRIPTION CF THE NCDES
1 2 1 1
Ce 100C.
2 0
3 2 1 1
c. 1000.
HYORAULIC CUTPUT PARAMETERS
0
2
1 0 1
2 0 1
WATERQUALITY BOUNLCARY CONDITIONS
1 1 1 1
T 68,
c800 3.
NH3 ol
NC2 « 04
NC3 « 06
PHYN .25
ZOON o 17
PON .l
DCN «05
00 8.
2 2
3 1 1 1

T 68.

834,

1668,

Card Group D

Card Group E

Card Group F

Card Group G

Card Group H
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Ceoo
NH3
NQ2
NC3
PHYN
ICCN
PCN
OGN
oo

WATER QUALITY OuTPUT

NN N~ N~

104

104
112
112
12¢
120
128
128

3.7
"6
.01
.03
15
ol
o1
10
7.

P ot Punt fumt ot Pl pad ot

Card Groun 7
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1I.b Partial Output for River Hydrodynamics and Water Quality Solutions

CAGBNEEAPALEISINAIIAINSY SSRINETR S JISEUIVINERECEOREIEONEETIATEECEUSEROEERIEEP0I0000R000008000EEE0000REE000R00RENR0NE0RES

TEST CTASE HMYNRMNYNAPIZS TARUNGAFLUM

000000200000 0000800000SUEIEEARNEERERCEANEIEEECAEECACO00SRCI0UNECEECE0R00RIN00E00000SONSNINNNNNINORNEIEEENEIIEIRIsIOS

HYDRAULTC SOLUTION 0PTLNYS

SOLUTE N COMSYTATIONS » [ AcLUTED

SULUTION TYPE s STEANY-STATE

SOLUTION STURAGE « DELETFD

NETWIMK TYPL » RQVER

HYORAULIC INTTIALIZATION FROM TAPE: = HFLETED

WATER QUALITY SOLUTIDN DPTIONS
SOLLUTION COIMPUTATIONS » EXECUTED

SOLUTINN TYPE » TRANSIENT
SILUTION STURALE = EXESUTFO

WATER  QUALLTY PARAMETEDS L~TAYLOY MULTLIPLF = 7%
TEMPERATURF LUNSTANT

R.0.0. (CARN,) CALCULATFD

AMMONTA HITRNGEN CALCULATSY

NITRITE NITRUGEN CALCILATLD

NITRATE NITRIGEN CALCULATED

PHYTOPLANKTON = N CALCIATLY

T00PLANKTON - N CALCULATFY

PARTISULATE I%G, = N CALCJULATED

DISSOLVED ORG, =~ N CALCJLATED

DISSOLVED NXYhEN CALCULATRU AS A FUNCTINN IF Z-BJ2 € N-2O°

OUTPUT T DFFLINE EILCS FIRR

8,0.0. (CARR,}
AMMON] &4 NITRASEN
NETRETC NETRAGUN
NITRATE NIVTRNGFN
PHYTOPLANRTAN = N
ZOOPLANKT IS -~ N
PARTICULATF NBG,. = M
DIssSnLvrn mea, ~ N
PISSILVED NRYGFEN

SIHUTIIN TIMT PARAMFY-LS

WAEE L DIF PEREODY &= LENGTH OF PEREY) = 357120.0

NUMRE T IE Y AULEC TS STFRS PET PERIAN & ¥4 LENGTH 1 HYRRAULTIC TIMF STEP = 910.0
VAXIMUSM JTESATEOINS F oL TEITIAL CONULITIWY = 10
COR0 TILERANEY B0 L4ITEAL CONDEITEYY » © ("0
BV L ALl M PTAINANS Tt HE ITAN N A 5 3
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JUMRE2 1 L7 AD

IN INCAFMr 1S [F «Ive< STuuy = 0
NFRE? 0 WAT

CUALTTY TI9E STe2y PEL P21 = )20 LENGTH OF WATFR JUALITY TIME STLP = 2790.0
NCTWURK CHITALNS 2 20 A0S wrlih LOINNCET 3 JaCTEON AND MOUNDARY 40228 O JONTFROL STXUCTJRELS)
1 AFACH 1D = 1

PYPHTRF AN NN x ]
? 2FACH I = 4

UOWNSTREAM NNDC = 2
U2 STREA YW = )

VONNSTREAM NODE = 3
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0000000880 0000000000RCR0SSTIETOIRRO0RCONIRICEEORNNICEENIRECRIERINNOIO0RCEREN0NNERER00O00R0IRINEeRrteettidsiednsnettine

HYDRAULIC DESCRIVTION LF THE LIACHES

USSR NNATEENNI eIttt tNaRITINNItN0E0S0L00A00et0tRettsttialees st taetitsesseeitrestitattstiesitintiseistsse

DESCRIPTIIN FOA REACH 1 REACH NINT

CHUSS=SECTINY SHAVE s AFCIANGULAR PRISMATIC
BOTTIA™ SLABE = CINSTANT
FRICTION CNEFFICIENT o MAYNT Y,

NO 1CE COVER

BOTTUM SLOPE » 1,COJUIN SIUE SLAPE s 0.9 TOTAL LENGTH OF EACY » 10000.00 F¥
FSTIMATED MLSH SPACING »  2%530,20 FY

COMPUTED MESM SPACT 4o »  2330.05 T

NUMBER OF HYNOAULIC YFS¢ POI VIS = %

OATA CROSS-SECTIONS s FARLL ENTRIFS = 8 FIISY LEPTH a 13,000 FY LAST DCPTH = 17.000 FV
seCrioy o X = 10303,2) Ft MANNVENSS ¥ = DL0180
Haliom widtw = 1000.70 FT BUITOM FLEY = 0,200 FY RADIUS = 0.0 FY
TALTTAL SJAFACE ELEVATION » 15,000 F§ TNITIAL DISCHMARGF » 1903.00 CFS
DESCRIPTION FIR XFACH 4 REACY Tu)

CROSS=SECTIMN SHARE = 47CTAYGLULAR PRISHATEC
BOTIOM SLOPE » ZANSTAMT
FRALSTAON CAFCELTLENTG » @A L4

N HCL COIVER

ROTTIIP SLIPF = 1, 30.210 SIPE SLIPE = 0. TITAL LFNGIH OF PEAC4 » 20000.00 FT
ESTIMATED WMLSH SPACING = 2SD0,00 FT

CURPUTED MESH SWACT 4, = 2570 ,.ub F T

NUMPER 1 HYDRAULIC WSk POT VIS = ’

DATA CR:ISS-SECTIIMS = 1 FARLE EYTREFS = & tIRST LEPTH = 13,000 FT LAST DEPTM = 17.000 FY
SECIION | LI 20D ) T MANNINGS ¥ = (L0180

BITTAY 413TH = 13300 FT KNI FLFY » n.0 fr RADIUS » 0.0 FT

FAEFLAL SOTRACH FLOVATION = 1%,000 FT INTTIAL DISCHAAGF = 1002.00 CFS

SECESSRLIREIISNEULBBEINIARGEPR IS AP AN RSB RCERANERALQEPIOGGIORINS
.

L]
. 1o STORASGE LNCAT 1S REQZIAFD FUL MYDUIAYLLL MESH A12AYS &
. .

PRGN ELPEERENECEEEC ICABENOUO IS INTRZ SRS VABAGBEU AGS I

GO0 RRINEIVINEEIOSNOIIPIURSIENNEANETSIINSIGAESED

. .
L4 TO A1 AL ADCATIN S 22031200 B0 APHE
. .

V0000000 CATORPECNPEERASCUINNBASRRTIIAANGRAGAN
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PESURICUSIRLOSELNREEE SRS EIRONEERAGNIRHESAUNERANNCECEEEEECEESESUOINNNROOERU O UEEISRENREROEE0000000008C00S80000C0800¢

HYORAULIC NESCRIPTION OF THE NODES

PRGSESIEUESC USSR OESEENEECREAEIERESRE OO CEtte sttt ROGOttRset Ittt taCeoCeOEsttatRetseaettesdaneeidstdtdeeenedoeetosee

PRESCIIREN HYDRAULIC WIUNDARY CONNITIINS FU'® NIDC 1 TYPE = JISCHARGE
NMURBEX OF TAALFE ENTRIES = 1 TIiMc DEPENDENCE = CONSTANT
TIME tSFC) SURIFAZE ELFVATION (FT) PISTHARGE (CFS)
.0 DD 1700.092
PRESCRIREN HYNRAYLEC SOUNNALY CONDITIEDIS FI2% NWYE 2 TYPL = JUNCTINM
PRESCRIINREN HYDRAULIC AJUNPARY CUNDIETIONS FUR WIWE 3 TYPE = DISCHAIGE
NUMRER NF TAALY CNTRIFS » 1 TIMF OFPFRNNTNCT = CONSTANT
TIME (SeC) SURKFACEL ELIVAIION (FP) DISCHARGE (CFS)
v.n 0.9 1000.00

PRGNS IEPRIESIEEINEIRINEISILEAORESEREERISSERREESEEO0EAIE0 0SS0 0CSE
. *
. 2 STURAGE LMCATINIS REQJIIIED FOR HYNRAULIC EINDARY CONDITIONS ¢
. .

CRNERASAPRABSPEPEO PO RIS EERBELUUEEED RGO EE SRS ENEIATEREAROUNNAENGURRRANLRS
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Pvy

WATEROUALI TY SOUNDARY COVCITIOVS

PRESCRINED WATER QUALTITY ROJMDARY CONDLITIONG BO% wiDE ) TYPE = CONCENTRATION
NUMBER NF TASLE ENTRIFS = ) TIng DEPENDENCE « CONSTANT

TASLE CYTRIES PO TENPERATURE
i8¢ CONCENTRATION
SEC DES.¢
% 0.603003E002

TABLE ENTRIES POR 8.0.0. (CARD,)
% COmCENTRATION
$€C [ (L)
% 0.300000¢ 001
TAMLE FUTRIES FOU AMMONIA NITANSEN
Tine COVCENTRATINY
SeC Ll
0. 0100000600

TABLE ENTRILS £NT VITRITE NITROGEN

Tise CONCENTRAIIOY
$EC [ (]

0. 04400000t ~01
TARLE ENTRIES FOR NITRATC NITRNGEN
TiwF CONCENTRATION
oou
d. J.002033€=01
TABLE FNTRIES FOX PMYTOPLANKTIN - ¥
Tive CNVCENTRATION
stc pon
2. 0.7%00)0€+00
TANLF ENTRILS FNR ZONPLANKTN = N
Tim; CNNCFNTRATINN

s LLA]
e LIS R AUBTTR TN
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TABLF ENTRIES FNR PARTICULATE NRG, ~ N
TiNE CONCEVTRATION
SEC on
0. 0.100000€+00
TABLE ENTRIES FOR NISSOLVED ORG. - %
TivE CONCENTRATION
SEC PPN
d. 0.500039€-01
TABLE ENTRIES FNR DISSOLVED OXYSEN
TINE CONCENTRATEON
SFC (4]
S 0.200020F+01

PRESCRIAED WATER QJUALITY BNUNDARY CONDITIONS FN® NNDE 2

PRESCRIBED WATER QUALLTY ANJNDARY CONDITIUNS FIR NODE 3

TYPE = JUNCTION

TYPE = CONCENTRATION

NUMBER NF TABLE ENTRIES = 1 TINE DEPENDFNCE = CONSTANT

TABLE ENTRIES FO? TEMPERATURE
VIvE CONCENTRATION
SEC DES.F
e 0.627000422
TABLE ENTRICS FOR MeQ.N. (CARB,)
TINE CONCENTRATINN
£134 1)
d. 04372030¢c401
TABLFE ENTRIFS FOX AMMONLIA NITROIGEN
TivE CONCENTRATION
SEC poM
J. 9.607000¢-01
VABLE ENTWIES FNR NITRITE NITRNGEN
TiMe CONCENTRATION

SEC (L1
0. 0.100000£~01

TAHLE ENTRULS FOR NITRATF NITRNOMEN

Tive CONCENTRAT [N
134 PPM
0. 03030008 -21

TAKLE SNTRILS FN2 MHYTIPLANKION -



9zt

IR L] CONCENTRATION
S+C *n
e 341300)0€000
TABLE ENTRIES FOR ZUOPLANKRTION = N
Ting CONCENTIRATION
{44 (Ll
% 0.100000€+90
TABLE EVYRIES FOR PARTICULATE NRG, - N
Ting CONCENTRATION
SEC oN

0. 04100000k 00

TABLE FNTALILS FOR DISSOLVED 1IR3, - N

TiINE COVCENTRATINY
SEC Ll
2. 04100090 ¢00

TABLE ENTRIES FOR NISSOLVED OXYGEN
Tive CONCENTRATEON
oo

SEC
Je 3.702000€+01

... L 1
.
2 STORAGE LOCATIONS REQUIRED FUR WATE® QUALITY BOUNDARY CONDLVIONS :

(1] 0080000 000400000C000R0S0RE0CS0S0C00000N

Pryvs 068 PYY 000000000000 4008 0000668 P
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HYDRAULIC PROFILE, REACH
AT TIRNE

A LFT)
0.
2530,
$032.
7500.
10000,

4YORAULIC PROFILE, REACH
AT TINE

X (FF)

Jde
2500.
$00).
7500,
100123,
12500.
15092,
171509,
20000.

. 1 REACH (NE
0.0 OF sExt0 1

SURFACE LLEVATION (FT)
15.08
15.08
15.08
15.00
15.08

2 REACH TW)
9.0 OF PERIND 1

SURFACT FLLVATION (FT)
15.08
15.00
15.08
15.00
15.09
15.008
15.0%
15.08
15,08

DEPIM (FT)
6,78
14,81
16.8)
14,86
14.88

DEPTH (FT)
16.88
14.91
14,9
14.%
14.98
15.01
15.33
15.006
15.08

DISCHARSE (ZFS)

1000.
99.
998.
998.
95,

DISCMARGF {
99s.
93,
992.
”9l.
991.
992,
€93,
996,
1000,

CFS)

VELOCLTY (FT/SEC)
0.07
0.07
Q.07
0.07
0.07

VELOCITY (FT/SEC)
0.07
0.07
0.07
0.07
0.07
0.07
0.7
0.07
0.07
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Concentration Pfofile, Reach 1 Reach One At Time

DISTANCE

FEET

e

300,

1002,

1307,

2000,

2503,

357120.0 of Period 1

TENP

DEG.F
68,00
6R.00
¥ .00
68.09)
#9,.00
AR 00

cod
PPN
3.50
2.9
2.36
2.9
.18
260

N4Y
poy
0.1900
0.101)
7.123%
0. 1378
n 1124
0.1222

NY?

[ 14
0.,0000
0.0397
0,098
3.339
0.0V?8
B.0399

NOY

[ 14
0.0%32
0.0620
0.0063
Je04A%
0,063
2.0722

PHYN
14}
79,2900
0.2478
N.2447
n.2612
237
LITAL

10(M
oN
2.17%0
6.1708
0. 1784
J.1730
0.1784
N 1708

n,120%



62¢

6250,
6300,
6750,
7000,
7500,
8000.
8500,
9000.
9%00.
10000,

CONCEMTRATION PROFLLE, REACH

DISTANCE
FEET
D.
500.
1000.
1302,
2000,
2%092.
3000,
3500.
4000,
4500,
5000,
5500,
6000,
6500.
7000.
7500.
8000.
8259.
9300,
8759,
9909,
9250.
9503,
9750,
10000.
10250.
19500,
107%0.
11000,
11290,
11500,
11753,
12002,
12500.
ts00d.
13500,

6R,90 256 13TV
68,00 2.62 01493
68,90 2.61 001562
68.0C 2.3 041935
48,00 261 342083
68.00 2.62 0.2610
68,00 2.65 0.29%2
bR, NO 2,70 0.337
64,00 2.77  0.4090
68,00 2.76 0.4389
68.00 2.71 0.4)86
68.00 2.87 044083
44,00 2.6864 0,4279
68.00 2.61 04427y
68.00 2.58 0.0069
68.00 2,54 D.00H3
68.00 251 0.4050
68.00 2.6% 0.4042
68,00 2,39 0.4222
5P.00 2.3% 0.4206
48,00 2.28 0.3980
64,00 2.2) 0.39%9
68,00 2.17 9%.393Vg
2
AT TIME 387120.0
TEMP CHan Nt3
056, F (I pom
68.00 2.17 9.331
60,00 2,12 0.3338
68.00 2,07 0.3A879
68,00 2,02 N.385
6%.00 1.97 0.392¢
$4.00 1.93 0.3793
68.00 1,68 00,3784
68,90 1.83 0.340
68,00 1.79 0.3716
68,00 1.78 0.3%98
62.30C 1.71 06358
AR, 00 1.67 0.3578
48,00 1.64 0.3487
68.00 1.51 0.37%)
6R8.00 1.56 0.3014
68,00 1,57 0.39%2
69,00 158 0.6277
AR, N0 1,59 0.6%0)
6R.N0 1.61 0.4733
68,30 1.65 0.5117
68,00 L.70 0.5570
6R.00 1.78 0.6426
59,90 1.9 0.71710
659400 2,02 0.8284
6A,00 2,721 0,954
68,00 2,18 0.9%7
68,00 2.4% 0. 3573
HALN0 2,13 0.9862
68.00 2.11 0,955}
68,00 2.0% N.95%4)
68,10 2.0h N.9%26
68,00 2.06 N.,9%)
8%.07% 201 2.933
A8, N0 1.97 0.934%7
6RLIN 123 0.,9%07
PSR MR N TE Y

Q.06
0.064113
v.0e2t
J.043)
"0.0441
0.0454
JeJ889
0.049%
0.030!
G.0%17
0.0336
0.0%%0
0.0%66
J3.0880
0.0%593%
0.0609
3.0024
V.0648
0,0067%
32097
0.0121
0.0741
2.0763

REACH

OF PERION

ND2
pon
243703
0.0780
0.0799
0.081%
J.0832
0.08468
0.0861
J.0873
0.0837
0.,0999
9.0982
0.0925
0.0940
0.0956
J. 0978
0.09%9
0413382
0.1751
0.1074
J.11352
0.1139
Ge 162
0.1200
0.1738
0.1279
0.1313
CTSEL LY
0. 1395
0.1 0
Jelbna
D.1804
VelS 6
PRERS]
Jela2?
O, 1648
Ja1747

2ed701
29786
0.09118
0.09%42
0.0%1%
0.092%
J.29%1
2.10%)
Q.1118
0.115)
O.l148
o. 11
0.1198
d.1216
0.12%2
0.12%9
J.1263
0.130%
0,137
FPSRLL
0.14138
0.1480
0.1533

™0
1

LU

L{ 4

J.159)
9.1543
0.1642
0.157%
Cel7h¢é
[PS Y14
0.1921
J.1973%
0.20%6
0.2139
Jde22V3
0.2%29
Q. 24138
J.25%)
J.2582
0.2817
22782
d.3772
0176
Je3294
043409
0.3%%0
0.3714

De3MY

Ueb129
0.4211
N.4297
0s039Y
(I L4
LYY LY
0e 6655
DebT4b
vebfs]
D874
ND.%219
Jebe

Ye2300
n.2291
.2278
J.226%
N.22%%
0,224%
0.,2297
0,223
0,222¢
0.2218
0.2212
0, 2207
0.2203
0,219
0.219¢
0.2190
J.2147
02170
0,217%
Ga2164
2158
0.2148
J.2141

PHYN

(L4}
N.2161
.21
0.2122
2.2111
0.2102
0,2090
7.20860
N.2068
0.20%8
N42065%
042338
0.2022
60,2032
942000
n.1990
60,1979
Tu196"
0.1962
0.19%8
V1352
D178
N,1963
YKL
N,1938
Nel 32
7.1926
n,1322
L 12
0.1913
0,190
n.130%
De 1900
Telh%
AN LA
LN ELL)
AR

J. 1702
01730
O.1797
0.1804
0.1939
d.1821%
0.1019
0.1823
0.1827
2.1%3)
J.183%
0.1R36
0,183¢
J.1R40
0.10643
0.106%
01867
0.19%¢
0.18%9
O.1867
O.1873
0.1882
0.1A89

0m
(L]
0.1089
01894
0.1906
0.1915%
0.1922
0.1931
0.193%8
J.1947
0.19%4
0. 1962
J.1960
0.1978
0.198%
01994
0.2001
0,2010
Q.20t7
D.2021
0.2025%
0.29029
7.2033
0.20%7
Ne 276}
0.2245
C.2063
0.205%3
33,2087
0,20610
0.2064
De200*
0.2012
0.2076
0.2079
Q.72087
(}e 2093
Ge210

J.1308
0.1372
O.1657
Q1563
D.1699
0.1970
0.2002
0.2378
0.2740
0.2749
0.27%59
0.2768
0.27178
0.2788
0.2798
0.2008
0.2818
0.28%7
0.20%8
0.2877
0.2899
0.2918
0.,2939

PON
L]

0.29%9
0.29%8
0.2980
0.2998
0.3019
0.3037
0.3057
0.3078
0.3096
0.3116
De3tat
0e.3167
0.320%
0.3242
0.3318
0,3422
0.359¢

0.3711

0,.3865%
0.4063
N.4318
0.6667
0.%072
0.%5620
0.6331

0.6329
0.6320
0.632%
0.6322
0.5318
06318
0,6309
D.6303
0.6288
Je.6271

Y0269

N 0543
0.0%67
0,0634
0.07"
0.080%
0,0939
0. 1117
0.1354
0.167%
O« 1640
C. 1608
O 19578
0.1538
0. 1507
0.1474
0. 1448
0, 1419
0.1360
0.1301
041292
c.1199
0.113%4
0.1108

ooN
[ (4]
0.1106
0.106%
0.1021
0.0984
0.0944
0.0910
0,0874
0.0044
0,0811"
0.07684
0,07%9
0,0741
0.072¢
0.072%
0,073
c.078%
c.0881
0,096
0.107Hh
C.1210
O.16419
0,1609
Ce2047
0.2%529
043167
Ce 3099
Q. 302N
0,296
0,2898
00,2834
0.2769
0.2709
Ce2h4Y
0.2%40
De2421
Ge232%

T.60
7.57
7.5)
T.50
Tonb
T.43

(L 4]
6.52
658
6.69
6.64
6.37
6.31
025
6.19
6.12
6.07
6.00
5.9
.86
5.79
5.7t
5.54
5.%%
5.50
S.63
S5.40
5.34
$.29
.22
Sel6
S5.10
5.03
4.97
4,90
4.8¢
477
4.
456
4.8
4obb
4.3
8.22
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*ssues

14000,
14500,
15000,
15%00.
16000,
14500,
17002,
17500,
18009,
18508,
19009,
13503,
20000,

6HR. D0
On.00
68,0
HR. N0
6*,.30
#3.7)
LT
LLILNY
AR,
8740
6B 0
$3,39
[ PRk}

LR ]
t.71}
1.78
1.7%
1.7
1.71
.72
175
1.42
130
2.27
2,79
[ PR

e I392
N,4328
0.7237
Ne9l63
0. 3014
0,9360)
0,4935
2.49327?
N 1402
TeTh34
"e 5845
LPE22 Y]
de8232

Jell49
QclA2A
Jelfol
Y.197%
S.19
J.1724
J.l914
PR RN
1ol T4
Jelndy
Seld6?
1.029%
J3.212)

5%
C.%710
s T 1Y ]
Ceb209
' YA L)
Les 321
J+8 V44
Ceb2l
D.H082
ve8557
Cobhi0
D,IN82
2eVY)

felkng
Cel9%Y
Jel346
YelR1S
Nain3?
Jeluld
Telel
Yl 7y
Nl 782
b RA )
Vel hns
n.1014
tels0

Da2126
0.2110
2.2112
22116
D.2110
Je21CH
32708
Ue20%4
0.1996
Je 1920
Nel736
Ve lbb?
2,109

046274
0.6172
CeblY
0.61348
N.ODMG
35957
2.5034
0.%454
05372
04926
0.4195
0.300%
2.1009

Ce2210
0,210
e 2037
N.198"
0.1%6"
o146
LT L
fel1622
0. 1832
0o 1444
0. 1330
0. 1199
0.1007
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