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FOREWORD 

The model descri.bed in this appendix is the result of' a four year project to 
expand the capability of the "Simulation of Flood Control. and Conservation 
Systems" model, HEC-5, to include water quality analysis. 

This document and the associated computer program are the final products of 
this project. The model will regulate a ten-reservoir system for water quality 
control, in addition to the HEC-5 objectives of conservation and flood control 
regulation. The model has the capability to satisfy control point objectives for 
temperature, three conservative constituents, three non-conservative constituents 
and dissolved oxygen for combinations of either tandem or parallel impoundments. 

Funding for this model was provided by the Environmental and Water Quality 
Operational Studies (EWQOS) program, sponsored by the Office, Chief of Engineers, 
and managed by the U. S. Army Corps of Engineers Waterways Experiment Station, 
Vicksburg, Mississippi. The model has been developed by contract under the 
project administration of Mr. R.G. Wi.lley. 

This appendix is a supplement to the April 1982, HEC-5 Users Manual (and 
Exhibit 8 from March 1985), and any references to HEC-5, within the document, 
refer to the program for quantity regulation. Information regarding error 
corrections can be given to or obtained from the Hydrologic Engineering Center 
by contacting Mr. R.G. Willey at (916) 551-1748. 
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HEC - 5 

SIMTJLATION OF FLOOD CONTROL AND CONSERVATION SYSTEMS 

APPENDIX ON WATER QUALITY ANALYSIS 

1. INTRODUCTION 

1.1 Origin of Program 

The flow simu1ati.on capability of this program (i.e., f'1.o~ simulation 
module or HEC-5) was developed at The Hydrologic Engineering Center (HEC) by 
Mr. Bill S. Eichert. The initial version was written for flood control 
operation of a single flood event and was released as HEC-5, "Reservoir System 
Operation for Flood Control," in May 1973. The flow simulation module was then 
expanded to include operation for conservation purposes and for 
period-of-record routings. This revised program was referred to as HEC-5C up 
to the February 1978 version. Further revisions to the flow simulation module 
were made and the revised program was referred to as the June 1979 version of 
HEC-5 [HEC 19791. 

In March 1979, the HEC contracted with Resource Management Associates, Inc. 
to add to the HEC-5 program the capability of' simulating temperature in a 
single reservoir (i.e., temperature simulation module or HEC-5Q). 

In November 1979, the HEC contracted with Dr. James H. Duke, Jr. to add 
the capability to simulate conservative and non-conservative constituents, 
including dissolved oxygen, in a two-reservoir system and its associated 
downstream river reaches. These modif'i.cations were added to the temperature 
simulation module and the module was structured to interact with the HEC-5 
program to change flow releases if such a change would improve water quality in 
the downstream reaches. 

In February 1982, the HEC contracted with Resource Management Associates, 
Inc. (RMA) and Dr. James H. Duke, Jr., to extend the November 1979 version of 
the model, to ten reservoirs of an arbitrary tandem and parallel configuration 
and to perform additional modifications. The capabilities of the total model, 
that have resulted from all of these modifications, are documented herein. 

1.2 Purpose of Program 

The flow simulation module was developed to assist in planning studies for 
evaluating proposed reservoirs in a system and to assist in sizing the flood 
control and conservation storage requirements for each project recommended for 
the system. The program can also be useful for selecting proper reservoir 
operational releases for hydropower, water supply, and flood control. 



The water quality simulation module was developed so that temperature and 
selected conservative and non-conservative constituents, including dissolved 
oxygen, could be readily included as a consideration in planning studies. The 
water quality simulation module accepts system flows generated by the flow 
simulation module and computes the vertical distribution of temperature and 
other constituents in the reservoirs and the water quality in the associated 
downstream reaches. 

The water quality simulation module also selects the gate openings for 
reservoir selective withdrawal structures to meet user-specified water quality 
objectives at downstream control points. If the objectives cannot be satisfied, 
the model will compute the increase in flow (if any) necessary to satisfy the 
downstream objective. 

With these capabilities, the planner may evaluate the effects on water 
quality of proposed reservoir-stream system modifications and determine how a 
reservoir intake structure should be operated to achieve desired water quality 
objectives within the system. 

The water quality simulation module will operate in any of three modes: a 
calibration mode, an annual simulation mode and a long-term mode. In the 
calibration mode, histori.ca1 flow, water quality and reservoir operations are 
furnished so that simulations can be made to determine the necessary values of' 
module parameters such as decay rates and dispersion coeffici.ents. 

In the annual simulation mode, the model is executed on a daily basis to 
determine the effects of reservoir operations on reservoir water quality and 
the water quality in the associated downstream reaches. The long-term 
simulation mode provides simulations similar to the annual simulation mode 
except that the time steps are longer, generally thirty days, so that the 
effects of reservoir operations on water quality can be examined over a long 
planning horizon of ten years or more. 

1.3 Hardware and Software Requirements 

The program, now written in FORTRAN77, was developed on the CDC Cyber 205, 
PRIME 550 and HARRIS 500 computer systems. The storage requirements are 
68,387K words of memory on 64 bit computers (i.e., CDC) and lOOOK words of 
memory on 24 bit computers (i.e., HARRIS). A current version of the program is 
maintained for Corps use on the CDC and HARRIS computer systems. 

The water quality simulation module is an integral part of the flow 
si.mulation module and is not designed to be run independently of the flow 
module . Twelve data and scratch files are required for water quality 
si.mul.ation module operation, in addition to the files required for the flow 
simulation module. A total of 31 data and scratch files are required for 
operation of both the flow and water quality modules. 



2 .  WATER QUALITY SIMULATION MODULE CONCEPTS 

2.1 General Capabilities and Limitations 

The water quality simulation module is currently limited to a system 
containing no more than ten reservoirs which may be in either tandem or 
parallel configuration. The most upstream point, or points, of any system must 
be defined by reservoirs. The total stream reservoir system may contain a 
total of thirty control points. These control points may be placed at any 
desirable location provided that the following guidelines are followed: 

a. The most downstream point in the system must be defined by a control 
point. 

b. The confluence of' the two streams, on which parallel reservoirs are 
located, must be defined by a control point. 

c. The end of the stream reach above tandem reservoirs must be defined by 
a control point. 

The quality simulation may be performed on only a portion of the total 
system simulated by the flow simulation module; however, the quality simulation 
portion must begin at the upstream limits of the total system and cannot be 
fragmented. 

The water quality simulation module uses flow data from the flow simulation 
module and the specification of these data must match the mode in which the 
water quality simulation module is operating. For the calibration and annual 
simulation modes, flow data must be furnished at intervals of one day and 
simulations are limited to periods contained in one calendar year. For the 
long term mode, flow data must be furnished at longer intervals (generally 30 
days) and the period of simulation is unlimited. 

Reservoir dimension limitations include the following: 

(1) 50 volume elements1 per reservoir 
(2) One flood control outlet 
(3) One uncontrolled spi.llway 
(4) A selective withdrawal system composed of' two wet wells containing up 

to eight ports each 

 he number of volume elements is controlled by the total depth and the 
element thickness in the reservoir. 



Stream dimension limitations include the following: 

(1) 300 volume elements1 
(2) 3 locations between adjacent control points for allocating local flows 

Water quality capabilities include two alternative simulation options. 
With option number one, the variable constituents include: 

(1) Water temperature which must always be simulated 
(2) Up to 3 conservative constituents 
(3) Up to 3 non-conservative constituents may be simulated with the 

following restrictions: 

(a) A maximum of two oxygen consuming constituents may be simulated 
(b) Only one non-conservative constituent not connected with the 

dissolved oxygen cycle may be simulated 

(4) Dissolved oxygen may be simulated within the following restriction: 

At least one oxygen consuming constituent must be simulated as a 
non-conservative constituent 

The second water quality option, referred to as the phytoplankton 
option, requires the following eight constituents. 

(1) Water temperature 
(2) Total dissolved solids 
(3) Nitrate nitrogen 
(4) Phosphate phosphorus 
(5) Phytoplankton 
(6) Carbonaceous BOD 
(7) Ammonia nitrogen 
(8) Dissolved oxygen 

None of these constituents may be omitted. The phytoplankton option is 
designed to provide a more realistic representation of the lake environment and 
the forces affecting dissolved oxygen. 

2.2 Reservoir Hydraulics 

The reservoirs are represented conceptually by a series of' one-dimensional 
horizontal slices such as those show11 in Figure 1. Each horizontal slice or 
layered volume element is characterized by an area, thickness and volume. In 
the aggregate the assemblage of layered volume elements is a geometric 
representation, in discretized form, of the prototype reservoir. This 
one-dimensional representation has been shown to adequately represent water 
quality conditions in many reservoirs by Eiker [Corps 19741, Baca [1977], and 
WRE [1968, 1969a, 1969131. 

l~he number of volume elements is controlled by the total stream length 
and the element length in the stream. 



FIGURE 1 

Geometric Representation of a Stratified Reservoir and 
Mass Transport Mechanisms 

Evaporation 

O u t f l o w  



Within each element, the water is assumed to be fully mixed. This implies 
that on1.y the vertical dimension is retained during the computation. Each 
horizontal layer is assumed to be completely homogeneous with a1.l isopleths 
parallel to the water surface both laterally and 1ongitudi.nally. External 
inf'lows and withdrawals occur as sources or sinks within each layer are 
instantaneously dispersed and homogeneously mixed throughout each element from 
the headwaters of' the impoundment to the dam. It is not possible, therefore, 
to look at longitudinal variations in water quality constituents i11 a 
reservoir. Module results are most representative of conditions in the main 
reservoir body. 

Vertical advection is governed by the location of' inflow to, and outflow 
from, the reservoir. Thus the computation of' the zones of di.stribution and 
withdrawal for inflows and outflows are of' considerable significance in 
operation of' the model. The WES withdrawal method is used for determining the 
allocation of' outflow. The Debler inflow all.ocation method is used for the 
placement of inflows. These methods are described in the following sections. 

2.2.1 WES Withdrawal Allocation Method 

The outflow component of the model incorporates the selective withdrawal 
techniques developed by Bohan [1973]. Laboratory investigations were conducted 
to determine the withdrawal zone characteristics created in a randomly 
density-stratified impoundment by releasing flow through a submerged orifice. 
From these investigations generalized relationships were developed for 
describing the vertical limits of the withdrawal zone and the vertical velocity 
distribution within the zone. 

A definition sketch of variables for orifice flow is shown in Figure 2. 
The following transcendental equation defines the zero velocity limits of' the 
withdrawal zone. 

where : 

Vo = average velocity through the orifice in m/sec 
Z = vertical distance from the elevation of the orifice center line to 

the upper or lower limit of the zone of' wi.thdrawa1. in meters 

A, = area of the orifice opening in m2 
Ap' = density of fluid between the elevations of' the orifice center 

line and the upper or lower limit of the zone of' withdrawal in 
kg/m3 ,k 

po = fluid density of the elevation of' the orifice center line in 
kg/m3 

g = acceleration due to gravity in m/sec2 

*All water densities in the water quality simulation module are computed solely 
as a function of water temperature. 



FIGURE 2 

Definition Sketch of Variables for Orifice Flow 
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With knowledge of the withdrawal limits, the velocity profile due to 
outflow can be determined. First, the location of' the maximum velocity is 
determined by: 

Y1 z1 2 - = [sin (1.57 -)I 
H H 

where : 

Y1 = vertical distance from the elevation of the maximum velocity V to 
the lower limit of the zone of withdrawal in meters 

H = thickness of the withdrawal zone in meters 

Z1 = vertical distance from the elevation of the orifice center line to 
the lower limit of the zone of withdrawal in meters 

The distribution of velocities within the withdrawal zone is then 
determined by: 

where : 

v = local normalized velocity in the zone of withdrawal at a distance y 
from the elevation of the maximum velocity V 

V = maximum velocity in the zone of withdrawal in m/sec 
y = vertical. distance from the elevation of the maximum velocity V to 

that of the corresponding local velocity v in meters 
Y = vertical distance from the elevation of the maximum velocity V to the 

limit of the zone of withdrawal in meters 
Ap = density difference of fluid between the elevation of the maximum 

velocity V and the corresponding local velocity V in kg/m3 
Apm = density difference of' fluid between the elevation of the 

maximum velocity V and the limit of the zone of withdrawal in kg/m3 

This equation can be used to describe both the upper and lower sections of' 
a velocity distribution usi.ng the elevation of the maximum velocity V as the 
reference elevation, except for conditions i.n which the withdrawal zone is 
limited by either the free surface or the bottom boundary. For conditions 
where the free surface and bottom boundary limit the withdrawal zone, the 
velocity distribution is computed by: 



For a situation in which only one limit (upper or lower) is affected by a 
boundary (free surface or bottom boundary), equation (3) can be used to 
determine the velocity distribution from the elevation of maximum velocity V to 
the limit unaffected by a boundary, and equation (4) can be used to determine 
the velocity distributi.on from the elevation of maximum velocity V to the limit 
affected by a boundary. The flow from each layer is then the product of the 
velocity in the layer, the width of the layer and the thickness of the layer. 
A flow-weighted average is applied to water quality profiles to determine the 
value of the release content of each constitutent for each time step. 

2.2.2 Allocation of Inflow 

The allocation of inflows is based on the assumption that the inflow water 
will seek a level of like density within the lake. If the inflow water density 
is outside the range of densities found within the lake, the inflow is 
deposited at either the surface or the bottom depending on whether the inflow 
water density is less than the minimum or greater than the maximum water 
density found within the lake. 

Once the entry level is established, the inflow water is allocated to the 
individual elements by one of two methods. If the inflow enters a zone of 
convective mixing, the inflow is distributed uniformly throughout the 
convectively mixed zone. If the inflow enters a stratified region of the lake, 
the inflow is distributed uniformly within a flow field, the thickness of which 
is determined by Debler's criteria [1959]. 

The thickness of the flow field is determined by: 

where : 

D = thickness of the flow field in meters 
Q = inflow rate in m3/sec 
W = effective width* of reservoir at the inflow level in meters 
/? = density gradient at the withdrawal location in kg/m4 
g = acceleration due to gravity in m/sec2 
p = water density at the outlet location in kg/m3 

Once the thickness of the fl.ow field is established, the water is deposited 
to the elements about the entry level assuming a uniform velocity distribution. 

*The effective width of the flow field is defined as the reservoir area at 
the entry level divided by the effective reservoir length at the inflow 
location. 



2.2.3 Vertical Advection 

Vertical advection is the net interelement flow and is one of two transport 
mechanisms used in the module to transport water quality constituents between 
elements. The vertical advection is defined as the interelement flows which 
result in a continuity of flow in all elements. Beginning with the lowermost 
element, the vertical advection is calculated by algebraically summing the 
inflows and outflows. Any flow imbalance is accounted for by vertical 
advection into or out of the element above. This process is repeated for all 
remaining elements taking into account the vertical advection from or to the 
el.ement below. Any resulting flow imbalance in the surface element is 
accounted for by an increase or decrease in the lake volume. 

2.2.4 Effective Diffusion 

Effective diffusion is the other transport mechanism used in the module to 
transport water quality constituents between elements. The effective diffusion 
is composed of molecular and turbulent diffusion and convective mixing. 

Wind- and flow-induced turbulent diffusion and convective mixing are the 
dominant components of effective diffusion in the epilimnion of most 
reservoirs. In quiescent, well-stratified reservoirs, molecular diffusion may 
be a significant component in the metalimnion and hypolimnion. For deep, 
well-stratified reservoirs with significant inflows to or withdrawals from the 
hypolimnion, flow-induced turbulence in the hypolimnion dominates. For weakly 
stratified reservoirs, wind-induced or wind- and flow-induced turbulent 
diffusion wil.1 be the dominant component of the effective diffusion throughout 
the reservoir. 

One of two methods may be selected by the user to calculate effective 
diffusion coefficients: the stability method or the wind method. 

(1) Stability Method - The stability method of computing the effective 
diffusion coefficients is appropriate for most deep, well stratified 
reservoirs and shallower reservoirs where wind mixing is not the 
dominant turbulent mixing force. This method is based on the 
assumption that mixing will be at a minimum when the density gradient 
or water column stability is at a maximum. 

The relationship between stability and the effective diffusion is shown 
graphically in Figure 3. This figure shows the range of effective diffusion 
coefficients reported by WRE [1969b] and were deduced from data collected in 
reservoirs of the Pacific Northwest. Effective diffusion coefficients for 
reservoirs in other regions may fall below the lower envelope of values shown 
on Figure 3. The relationship between effective diffusion and stability is 
shown below. 

Dc = A1 when E 5 Ecrit (6 

when E > Ecrit 





Dc = effective diffusion coefficient in mz/sec 

A1 = maximum effective diffusion coefficient in m2/sec 

E = water column stability or normalized density gradient in l/meter 

Ecrit = water column critical stability in l/meter 
A2,A3 = empirical constants 

A typical density profile for a stratified reservoir and the resulting 
effective diffusio~~ coefficient distribution are shown in Figure 4. 

(2) Wind Method - The wind method for computing effective diffusion 
coefficients is appropriate for reservoirs in which wind mixing 
appears to be the dominant component of' turbulent diffusion. This 
method assumes that wind-induced mixing is greater at the surface and 
diminishes exponentially with depth. The following empirical 
expression which is a combination of wind-induced diffusion and a 
minimum diffusion term representing the combined effects of all other 
mixing phenomena is used to calculate the effective diffusion 
coefficient: 

where : 

D~~~ = minimum effective diffusion cbefficient in m2/sec 

A1 = empirical coefficient in meters 
= wind speed in m/sec 
= A2/dt 

A2 = empiri.ca1 coeff icient 

dt = depth of' the thermocline in meters or six meters during 
unstratified conditions 

d = depth of specific layer in meters 

Typical values reported by Baca [I9771 for the minimum effective diffusion 
coefficient and the empirical coefficients required by equation (8) are 
presented in Table 1. Within the model the actual diffusion coefficient, Dc, 
is constrained by a maximum Dmax, which is usually about 5 x The 
shape of the diffusion coefficient as a function of depth i.s shown in Figure 5 
for .  two different cases. 



FIGURE 4 

Effective Diffusion Coeffici.ents vs. Depth for Stability Method 
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FIGURE 5 

Diffusion Coefficient vs. Depth for Wind Method 
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TABLE 1 

Minimum Effective Diffusion Coefficient and 
Empirical Coefficient for Wind Mixing Method 

Coefficient 
Well-Mixed Stratified 
Reservoirs Reservoirs 

Minimum Effective lxl~-5 to 5x10-5 1x10-6 to lxlO-' 
Diffusion Coef'f (Dmin) 

Empirical Coeff (A1) l x l ~ - ~  to 2x10-~ 1x10-~ to 5x10-~ 

Empirical Coeff (A2) 4.6 4.6 

2.3 Stream Hydraulics 

The stream system is represented conceptually as a linear network of 
segments or volume elements. Each element is characterized by length, width, 
cross section area, hydraulic radius, Manning's n and the relationship between 
flow and depth (see Figure 6). 

Flow rates at stream control points are calculated within the flow 
simulation module by using one of the hydrologic routing methods. Within the 
flow simulation module, incremental local flows (i.e., inflow between adjacent 
control points) are assumed to be deposited at the control point. Within the 
water quality simulation module, the incremental local flow may be divided into 
components and placed at different locations within the stream reach (i-e., 
that portion of the stream bounded by the two control, points). A flow balance 
is used to determine the fl.ow rate at element boundaries. Any flow imbalance 
( 5 . .  flow at upstream control point plus the increment local flow not equal 
to the flow at the downstream control point) is distributed uniformly to the 
flows at each element boundary. Once interelement flows are established, the 
depth, surface width and cross section area are computed at each element 
boundary (assuming normal flow). 

All additional stream hydraulic data required to represent the mass 
transfers needed to simulate stream water quality can be calculated using these 
three relationships and the input channel geometry. 

2.4 Thermal Analysis 

Both the streams and reservoirs are represented by an assemblage of fluid 
elements linked together by interelement flow and diffusion (stream diffusion 
is assumed near zero). The interelement mass transports and the fundamental 
principle of conservation of heat can be represented by the following 
differential equation model for the dynamics of temperature within each fluid 
element. 
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where : 

T = temperature in degrees Celsius 
V = volume of the fluid element in m3 
t = time in seconds 
z = space coordinate in meters (vertical for the reservoir and horizontal 

for the stream) 
Q, = interelement flow in m3/sec 
AZ = element surface area normal to the direction of flow in m2 
Dz = effective diffusion coefficient in m2/sec 
Qi = lateral inflow in m3/sec 
Ti = inflow water temperature in degrees Celsius 
Qo = lateral outflow in m3/sec 
Ah = element surfice area in m2 
H = external heat sources and sinks in kcal/m2/sec 
p = water density in kg/m3 
c = specific heat of' water in kcal/kg/"C 

This equation represents the dynamics of heat within the fluid element. 
The set of equations for all elements within the reservoir or stream system 
represents the dynamics of heat within that system. All of the terms on the 
right side of equation (9) represent physical heat transfers including the 
external heat sources and sinks. 

The external heat sources and sinks that are considered in the module are 
assumed to occur at the air-water interface. The rate of heat transfer per 
unit of surface area can be expressed as the sum of the following heat exchange 
components: 

where : 

Hn = the net heat transfer 

Hs = the short wave solar radiation arriving at the water surface 
Hs,. = the reflected short wave radiation 

Ha = the long wave atmospheric radiation 
Har = the reflected long wave radiation 

Hc = the heat transfer due to conduction 
Hbr = the back radiation from the water surface 

He = the heat loss due to evaporation 

2 All units are in kcal/m /sec 

Complete discussions of the individual terms have been presented by 
Anderson [I9541 and by the Tennessee Valley Authority [1972]. 



The method used in the module to evaluate the net rate of heat transfer at 
the air-water interface has been developed by Edinger and Geyer [1965]. Their 
method utilizes the concepts of equilibrium temperature and coefficient of 
surface heat exchange. The equilibrium temperature is defined as the water 
temperature at which the net rate of heat exchange between a water surface and 
the atmosphere is zero. The coeffici.ent of surface heat exchange is the rate 
at which the heat transfer process proceeds. The equation describing this 
relationship is: 

where : 

Hn = net rate of heat transfer in kcal/m2/sec 
Ke = coefficient of surface heat exchange in kcal/m2/sec/"~ 
Te = equilibrium temperature in degress Celsius 
Ts = surface temperature in degrees Celsius 

A Heat Exchange Program which computes these terms is available at the HEC 
[Corps 19741. 

All heat transfer mechanisms, except short wave solar radiation, apply at 
the water surface. Short wave radiation penetrates the water surface and may 
affect water' temperatures several meters below the surface. The depth of 
penetration is a function of adsorption and scattering properties of the water 
[IIutchinson 195'71. This phenomenon is unimportant in the stream routines since 
elements are assumed vertically mixed. 

In the reservoir routines, however, the short wave solar radiation may 
penetrate several elements. The amount of heat which reaches each element is 
determined by: 

where : 

I = light energy at any depth in kcal/m2/sec 
p = fraction of the radiation absorbed in the top foot of depth 
I, = light energy at the water surface in kcal/m2/sec 
k = light extinction coefficient in l/meter 
z = depth in meters 

Combining equations (11) and (12) for the reservoir surface element, the 
external heat source and sink term becomes: 

and the external heat source for all remaining reservoir elements becomes: 

where : 

I, = the light intensity at the top of the element in kcal/mZ/sec 



2.5 WATER QUALITY ANALYSIS 

2.5.1 Physical and Chemical Constituents 

Water quality constituents other than temperature are represented by 
equation (9) with minor modifications: 

a. The definition of the variable T is generalized to represent the 
concentration of' any water quality constituent. 

AhH 
b. The distributed heat gain/loss term - is: 

P -c 

(1) Eliminated for conservative constituents 
(2) Replaced by a first order kinetic decay formulation, -KIT, 

for non-conservative constituents where K1 is the decay 
rate in l/day. 

(3) Replaced by a first order reaeration term, 
AS*K,(DO*-DO) -SO, for dissolved oxygen where As is 
the element surface area, K2 is the reaeration rate, DO* 
is the dissolved oxygen saturation concentration at the ambient 
temperature, DO is the existink dissolved oxygen concentration, 
and SO is the benthic uptake rate. 

The reservoir reaeration rate is computed as follows: 

where : 

K2 = reaeration rate in l/day at 20-C 
a,b = empirical coefficients derived by curve fit from Kanwisher 119631 to 

be 0.50 and 0.025, respectively. 
W = wind speed in meters per second 
Az = surface element thickness in meters 

The stream reaeration rate is computed using the O'Conner-Dobbins [I9581 
method: 

where : 

K2 = reaeration rate in l/day at 20-C 
Dm = molecular diffusion coefficient in meters2/day 
U = flow velocity in meters/second 
D = average stream depth in meters 



The rates at which chemical and biological processes take place are normally a 
function of temperature. To account for this temperature dependence, all first 
order kinetic rates are adjusted for local ambient temperatures using a 
multiplicative correction factor: 

6 = Tc (T- 20) 

where : 

6 = reaeration rate multiplicative correction factor 
Tc = empirically determined temperature correction factor 
T = local ambient water temperature in "C 

2.5.2 Phytoplankton Analysis 

When the phytoplankton option is selected, the distributed heat gain/loss 
term is replaced by: 

Nitrate Nitrogen . . .+ V-KNH3*NH3 - V*KB-PN*P*PG(l-FN) (18) 

where : 

KNH3 = ammonia decay rate adjusted to ambient temperature 
NH3 = ammonia concentration 
KB = phytoplankton activity rate at ambient temperature 
PN = nitrogen fraction of phytoplankton (PN=0.08) 
PG = phytoplankton growth rate 
P = phytoplankton concentration 
FN = ammonia fraction of available nitrogen 

Phosphate Phosphorous . . .+  V*KB*PP*P (PR+PM-PG) + SP 

where : 

PP - phosphorus fraction of phytoplankton (PP-0.012) 
PR - phytoplankton respiration rate 
PM = phytoplankton mortality rate 
SP = benthic source rate for phosphorus 

a 
Phvtoplankton . . .+ V-KB-P (PG-PR-PM) - - (P-A,) *PS a z 

where 

PG = phytoplankton growth rate 

C 
- 
m a  c 2 + c  1 min 

Pma, = maximum phytoplankton growth rate 
C = nutrient concentration or light intensity 

C2 = half saturation constant for phytoplankton utilizing nutrients or 
light 

PS = phytoplankton settling rate 



Ammonia Nitroaen . . .+  VeKB*PN*P (PR+PM-PG*FN) + SN 

where : 

SN = benthic source rate for ammonia nitrogen 

J; 
Dissolved Oxgaen . . .+  As*K2 (DO -DO) - VwKL-L - V*KB*P (PR*02,R+PM- 

02R-PG*02G) - V*KNH3*NH3*02N-SO 

where : 

KL = BOD decay rate at ambient temperature 

02R = ratio between oxygen consumed and phytoplankton respiration and decay 
(02R = 1.6) 

02G = ratio between oxygen produced and phytoplankton growth (02G = 1.6) 
02N = ratio between oxygen consumed and ammonia decay (02N = 4.6) 

Computation of the reaeration rate for dissolved oxygen and the first order 
rate adjustment for the ambient temperature is the same as for the 
non-phytoplankton option except for the temperature adjustment for 
phytoplankton growth and respiration. The ambient temperature ad,justment 
factors for phytoplankton growth utilizes the temperature limit approach which 
assumes that the rate at which a reaction takes place is a function of two 
exponential expressions similar to those depicted in Figure 7. The temperature 
tolerances define the functions used to modify the growth and respiration 
rates. The temperatures T1 and T4 are the lower and upper tolerance limits, 
respectively, for growth, and T2 and T3 define the optimum range at which the 
growth is a maximum. The upper range of the optimum temperature T3 and the 
upper tolerance limit T4 for phytoplankton respiration and mortality processes 
are assumed outside the range of normal, prototype temperatures. 

2.6 SOLUTION TECHNIQUES 

2.6.1 Reservoir 

A Gaussian reduction scheme is used for solving the differential equations 
which represent the response of the water quality constituents within the 
reservoi.rs. Equation (9) is rewritten in a form where a "forward time and 
central difference" scheme is used to describe all the derivative processes. 
For element i adjacent to elements i-1 and i+l. (see Figure 8), the general mass 
balance equation becomes: 
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subscripts i, i-1, i+l denote element numbers 

V = volume of the fluid element in m3 
T = temperature in degrees Celsius or water quality constituent 

concentration, milligrams/liter 
t = computation time step in seconds 
A, = element area at the fluid element boundary in m2 
D, = effective diffusion coefficient in m2/sec 
Az = element thickness (length is stream) in meters 
Qu = upward advective flow (stream flow) between elements in m3/sec 
Qd = downward advective flow between elements in m3/sec 
Qw = rate of flow removal from the element in m3/sec 
Qx = rate of inflow to the element in m3/sec 
Tx = inflow water temperature in degrees Celsius or constituent 

concentration in milligrams/liter 
H = external sources and sinks of heat in kcal/sec 
p = water density in kg/m3 
c = specific heat of water in kcal/kg/"C 

H * 
Recall that the - term is replaced by -klT or k2(0 -0) for 

P *c 

nonconservative water quality constituents and dissolved oxygen respectively. 
A finite difference equation of this type is formed for each element and 
integrated with respect to time. The system of finite difference mass balance 
equations represents the response of water quality within the entire reservoir, 
and wi.th the aid of a numerical integration technique, the equations are solved 
with respect to time. 

The heat or mass balance at any element, i, can take the form: 

where : 
vi = volume of element i 

ci = time rate of temperature or water quality constituent concentration 
in element i 

ci = temperature or constituent concentration in element i 
si = the bracketed terms of the mass balance equations (i.e., advection, 

diffusion and change of volume) 
pi = the constant term for each element i (i.e., sources and sinks) 

The complete system of mass balance equations for the n elements can be 
written in the matrix form: 



where : 

[v] = an n x n matrix with the element volumes on the diagonal and zeroes 
elsewhere . 

{c) = a column matrix of the rates of change for temperature or constituent 
concentrations in each of the 11 elements 

[s] = an n x n matrix of' the coefficients which multiply the temperature or 
constituerlt concentrations 

{c) = a column matrix of' the temperature or constituent concentrati.ons in 
each segment 

{p) = a column matrix of the constant terms for each segment 

To integrate the basic equation over time, the following numeri.ca1 
approximation for each element is made. 

where : 

~ ~ , c ~ + . ~ ~  = temperature or constituent concentration at the 

. . beginning and end of an integration interval, respectively 
~ ~ , c ~ + ~ ~  = rate of change of temperature or constituent 

concentration at the beginning and end of' an integration 
interval, respecti.vely 

At = the length of' an integration interval 

e 

At any point in time ct and ct are known, thus the expression becomes: 

where : 

Equation (27) rewritten in matrix form is: 

At 
{c) = {B) + - 

2 
{ c I 

where : 

{c) = a column matrix of temperatures or constituent concentrations at the 
end of the time interval 

{!) = a column matrix of the terms defined in Equation (28) 
(c) = a column matrix of' the time rate of change in temperature or 

constituent concentrations 



Substituting Equation (29) into Equation (26): 

At 
[v] (c) = [s] (Bl ,f - 

2 
[SI G I  + (PI 

where : 

* At 
[s ] = [v] - - 

2 C s I 

Equation (31) forms the kasis for a solution, as there is only one unknown 
in the equation (i.., (c)). The following recursive scheme can be used for 
the numerical solution of equation (31). 

1. Form the vector (B) from the initial condition or the solution just 
completed. 

2. Form the known hydraulic solution and known boundary conditions; 
define the conditions which will exist at the end of the interval. 

* 3 .  With known values of [v] , [s] , and (p) , form [s ] and (p*). . 
4. Solve for (c) at time (t + At). 

5. Compute (c) by substitution in equation (29). 

The above recursive scheme is that used in many computer codes and has proven 
to be very stable. 

2.6.2 Stream 

A linear programming algorithm is used to solve a fully implicit backward 
difference in space, forward difference in time, and finite difference 
approximation of equation (24). This approximation has the general form: 

where the "a" terms are coefficients formed from the area, dispersion 
coefficients, flows, lengths of the computational elements, and time step for 
each volume element; the "C" terms are the unknown temperatures and constituent 
concentrations in each volume element; the "b" terms are constants formed from 
initial conditions or previously computed conditions, tributary inputs of heat 
or mass loads and, depending upon the context (see below), the reservoir 
releases. 



Two matrix formats are used in the stream water quality simulation module. 
The first can be used to solve for temperature and constituent concentrations 
given al.1 external input. This format is 

-+ 
where I A I  is the matrix of coefficient; c is the vestor of unknown 
temperatures or constituent concentrations; and b is the vector of constants. 
Expanding the notation yields: 

In thi.s format, the I A I  matrix is a tri-diagonal matrix consisting of 
+ 

m x m elements, where m is the number of stream elements. The vectors c and 
both consist of m elements. 

The 1 ~ 1  matrix will not necessarily be tri-diagonal in a given 
application of the stream water quality simulation module to a particular 
stream system but the matrix will be symmetrical about the principal diagonal 
and will always be a square matrix. 

This format is used in the water quality simulation module to compute the 
final results after all reservoir operations have been completed. In effect, 
the linear programming algorithm is used simply as a matrix solver for a 
simulation model. 

The second, and more complex, matrix format used in the water quality 
simulation module is for determining the t_emperature and constituent 
concentrations that must come from the reservoirs to satisfy all water quality 
targets in the stream system. In effect then, the second format is used to (1) 
determine which control point controls the release for each constituent and (2) 
determine the reservoir release water quality that most closely satisfies the 
targets at the controlli.ng points. 



This decision making capability is achieved by (1) transforming the 
constituent concentrations at each control point into a specification of the 
target and the deviation of the concentration above or below the target and (2) 
making the concentrations in the reservoir releases unknown so that they can be 
computed. 

The transformation used at control points to specify the target is 

where : 

t+l 
Ci = temperature in degrees Celsius or constituent concentration in 

Coi = target temperature in degrees Celsius or constituent concentration 
in milligrams/liter 

c::' = deviation of simulated temperature or constituent concentration 
above the control point target cF:' = deviation of simulated temperature or constituent concentration 
below the control point target 

This transformation is substituted into equation (32) to yield the 
following equation whi.ch is applied to those volume elements that are located 
at control points: 

where the (ailiCqi) term has been moved to the right hand side of the 
equation since ~t 1s known. Thus, the m x m simulation matrix has now been 
transposed into a m x n rectangular matrix, where n = m + NCP and NCP is the 
number of control points. 

Equation (36) is the general form of the equation used for all volume 
elements in formulating deci.sion making problems. It includes, as variables, 
the constituent concentrations in the reservoir releases, although the 
inclusion is not obvious. For those volume elements that are just below 

t+l 
reservoirs, the Ci-l concentrations represent the constituent concentrations 

in the reservoir releases. In the simulation model, where the reservoir release 

ct+l terms were included constituent concentrations are known, the ai,i-l i-l 
3 

in the b vector for those volume elements just below reservoirs. For the 

c!+' terms are i.ncluded as unknowns. Thus decisi.on making model, the ai , i- l, - 
the m x n simulation matrix has been made even more elongated in variables and 
n is now m + NCP + NRES where NRES is the number of reservoirs in the system. 



One additional set of equations is included in the water quality simulation 
module to ensure that realistic results are obtained in computing reservoir 
release water quality. These equations are applied to define the range of' 
constituent concentrations that may be released from the reservoirs. Normally 
the range is defined by two inequalities: 

where : 

t+l 
Cmin = minimum temperature or constituent concentration in reservoir 

water quality profile 
c:: = maximum temperature or constituent concentration in reservoir 

water quality profile 
C F 1  = final computed temperature or constituent concentration in - 

reservoir release 

In practice, these inequalities are written as equalities by adding slack 
and surplus variables. 

t+l - t+l 
'r + 'slack - 'max 

Although the slack and surplus variables have meaning, in the water quality 
simulation routine they are added as a computational necessity. 

With the problem so formulated, the I A ~  matrix of equation 134 )  consists 
of (m + 2 * NRES) rows and (m + NCP + NRES) unknowns, and the b vector consists 
of (m + 2 * NRES) constants. The I A ~  matrix may be conceptually 
partitioned as shown in Figure 9, where it is assumed that reservoirs are above 
volume elements 1 and 3, that these reservoirs are in tandem and that volume 
elements 1, 3, 7 and m are control points. 





There are a number of solutions that will satisfy a matrix that is not 
square (i.., m x m). The purpose of using a linear programming solution is to 
select the solution that best satisfies the objectives of the reservoir 
operation on downstream water quality. However, it is known that one class of' 
solutions will never appear: at no time will the variables that describe the 
positive and the negative deviations from the control point target constituent 
concentrations appear simultaneously in the solution. At all times, one or the 
other deviation will appear, but not both. It i.s also known that the reservoir 
release constituent concentrations will always appear in the final solution. 
Thus, selecting the solution that best satisfies the objectives of' the 
reservoir operation on downstream water quality reduces to selecting which 
control point deviation variable appears in the final solution and the 
numerical value attached to that variable. Once this numerical value is known, 
it is known that the deviation of the opposite sign is zero so that the actual 
control point constituent concentration can be computed using equation (35). 

The objective function is used in a linear programming formulation to 
quantitatively describe the desirabiity of any given solution to a formulated 
problem. In the water quality simulation module, a minimization routine is 
used which is expressed as: 

The actual value of z is immaterial to the water quality simulation module; 
it is just an-index by which the de2irability of the solution is determined. 
The vector c is the same vector c in equation ( 3 3 )  except that, as previously 
described, it includes the variables representing: 

1. The deviations from the control point targets for those volume elements 
that represent control points 

2. The constituent concentrations in all other volume elements 

3 .  The constituent concentrations in the reservoir releases. 

-+ 
The vector p represents the penalty associated with the appearance of a,+ 

given variable in the final. solution. Logically, the penalties in p are 
nonzero only at control points and are applied only for the variables that 
represent deviations from the target. 

The water quality si.mulation module is structured flexibly so that 
different penalties can be assigned for each control point, for each 
constituent and for each deviation, above and below. The magnitude of the 
penalty is unimportant, as long as it is nonzero where necessary and 
realistically represents the desired policy. For instance, for a temperature 
target expressed as "the temperature at control point I shall not exceed 
20°C, or 



the penalty for the positi.ve deviation at control point I could be set to 1.0, 
and the penalty for the negative deviation could be set to 0.0. Obviously, 
when trying to minimize z, as shown in equation (41), the linear programming 
algorithm would try to ensure that the variable representing the negative 
deviation would appear in the final solution since a lower value of the index z 
would result. 

If' it was twice as important that the target temperature at control point I 
be maintained than at another control point, say J ,  then the penalty associated 
with a positive deviation from the target at I could be set to 2.0, and the 
penalty associated with a similar positive deviation at J could be set to 1.0. 
Of course, the penalties associated with negative deviations at both I and J 
would be set to 0.0. 

Similar logic is used for setting penalties for constituents that must 
always exceed a target value, such as dissolved oxygen. The nonzero penalties 
are applied to the variables representing negative deviations, and the 
variables that represent positive deviations are given penalties of 0. 

In specifying the penalties for violating control point targets, the 
relative importance of one unit of measure for the various constituents must be 
considered. As an example, the importance of a one mg/l viol.ation of a total 
di.ssolved solids target value would normally be much less than a one mg/l 
violation of a dissol.ved oxygen target; therefore, the penalties for vi.olating 
dissolved oxygen targets would normally be much greater than those for total 
dissolved solids. 

2.6.3 Gate Selection 

The port selection algorithm serves to determine which ports should be open 
and what flow rate should pass through each open port in order to maximize a 
function of the downstream water quality concentrations. Solution of this 
problem is accomplished by using mathematical optimization techniques. The 
objective function is related to meeting downstream target qualities subject to 
various hydraulic constraints on the individual ports. 

Kaplan [I9741 solved a similar, although more difficult, problem by 
including in the constraint set upper and lower bounds on the release 
concentration of each water quality constituent. Kaplan also considered as 
part of his objective function the reservoir water quality that resulted from 
any particular operation strategy. A penalty function approach was used to 
incorporate the many constraints into the objective function, which could then 
be solved as an unconstrained nonlinear problem. For the problem of interest 
with respect to HEC-5Q, with appropriate transformations it is possible to 
formulate a quadratic objective function with linear constraints. Mathematical 
optimization techniques are available to exploit the special structure of this 
problem and to solve it efficiently. 

The hydraulic structure under consideration i.s composed of two wet wells, 
containing up to eight ports each, and a flood control outlet. It is assumed 
that releases through any of these ports (including the flood control outlet) 
leave the reservoir through a common pipe. At any given time, only one port in 
either wet well and the flood control outlet may be operated. Hence, the 
algorithm provides flows through three ports at most. 



The HEC-5 model also provides for releases through an uncontrolled 
spillway. These releases are not a part of the gate selection algorithm, but 
the water quality of the spillway releases are considered by the gate selection 
algorithm. 

The algorithm proceeds by considering a sequence of problems, each 
representing a different combination of open ports. For each combination, the 
optimal allocation of total flow to ports is determined. The combination of 
open ports with the highest water quality index defines the optimal operation 
strategy for the time period under consideration. 

There are four different types of combinations of open ports. For one-port 
problems all of the flow is taken from a single port, and the water quality 
index is computed. For two-port problems combinations of one port in each wet 
well and combinations of each port with the flood gate are considered. For 
three-port problems combinations of one port in each wet well and the floodgate 
are considered. The total flow to be released downstream is specified external 
to the port selecti.on module, but if the flow alteration option is selected, 
then the flow can be treated as an additional decision variable; and the flow 
for which the water quality index is maximized is also determined. 

For each combination of open ports, a sequence of flow allocation 
strategies is generated using a gradient method, a gradient projection method, 
or a Newton projection method as appropriate. The value of any flow allocation 
strategy is determined by evaluation of a water quality index subject to the 
hydraulic constraints of the system. The sequence converges to the optimal 
allocation strategy for the particular combination of open ports. 

To evaluate the water quality index for a feasible flow allocation 
strategy, first the release concentration for every water quality constituent 
is computed. 

where : 

Rc = release concentration for constituent c 
c = index for constituents 
p = index for open ports 

Np 
= number of open ports 

aCp = concentration of constituent c at port p 

Qp = flow rate through port p 

Nc = number of constituents under consideration 

The deviation of release qualities from downstream target qualities can be 
computed. 



where : 

Dc = deviation of constituent C 
Tc = downstream target quality for constituent C 

The subindex Sc for each constituent can be determined by: 

Where the function f' takes the form of the sixth order polynominal: 

In selecting these coefficients, the magntiude and importance of' the water 
quality parameter should be considered. To aid in the coefficient selection 
process, Table 2, Figure 10 and the following discussi.on are provided. 

TABLE 2. Typical Coefficients in Constitutent Suboptimization Function 

Curve 
Number 

Coefficient 

a* b c d e f 

*a should always equal 100 

Curves 1 through 3 are functions where equal weight is given to deviation 
on either side of the target concentration. Under normal conditions, this type 
of function should be used. 

Curve number 1 would be used for a quality parameter such as TDS since wide 
variations from the target are normally allowable. For a parameter such as 
nitrate where the concentration is low, curve number 3 would be appropriate. 
Curve number 2 might be used for temperature or other paramters where the 
concentration range is 5 to 25. 

Curves number 4 and 5 are functions where deviations about the target are 
not weighted equally. Curve number 4 could be used for a toxic parameter where 
the lowest discharge concentration would be desirable, conversely, curve 5 
could be used for a parameter where a higher concentration is always 
desirable. Curve 5 might be appropriate for dissolved oxygen in some 
applications. 

In summary, almost any shape of function can be developed (a curve fi.t 
routine will be very helpful) using the sixth order polynomial function. In 
developing these functions, the importance of the parameter and the normal 



anticipated concentration magnitude are the major considerations. Keep in mind 
that the weighting factor can be set to zero if the quality parameter is 
unimportant. 

Finally, the scalar water quality index can be determined by: 

where : 

Z = water quality index 
Wc = weighting factor for constituent c 
Sc = subindex for constituent c and: 

In summary, the problem of determining the optimal allocation of flows to 
ports for a particular combination of open ports and for a specified total flow 
rate Q can be expressed as follows: 

MAX NC 
( C wc SC) 

QP 
c=l 

Subject to: 

where Fmin and Fmax are the minimum and maximum acceptable flow rates 
through a port. 

When an acceptable flow range Qlower to Qupper is specified, then the 
problem is written as: 

MAX NC 
( 1  WCSC) 

QP c=l 

Subject to: 





These problems are solved very efficiently by using mathematical 
optimization techniques that take advantage of the problem structure, namely a 
quadratic objective function with linear constraints. 

2.6.4 Flow Alteration Routine 

The flow alteration routine is designed to change the reservoir releases, 
computed by the flow simulation module, to better satisfy the stream control 
point water quality objectives. There are two flow alteration routines 
contained in HEC-5Q. The first is contained in the selective withdrawal 
algorithm and is described in Section 2.6.3, Gate Selection. Flows are 
increased in the gate selection algorithm if increasing the flow will result in 
releases that better meet the reservoir release targets called for by the 
stream linear programming algorithm. 

The second flow alteration routine computes increases in reservoir releases 
to ensure that control point targets are met insofar as is possible. The 
routine is designed about a mass balance for all reservoir releases and all 
control points affected by those releases. Tributary inflows and other flow 
changes are included. Second order effects, such as reaeration and external 
heating due to increased or decreased stream surface area, are not included. 

The procedure is as follows: 

1. The relative mass that needs to be added in the flow at the control 
point (for those constituents below the target) or reduced in the 
flow at the control point (for those constituents above the target) 
is computed using: 

where : 

Qcp = flow at the control point as determined by the flow simulation 
modu1.e 

Co = target constituent concentration at the control point 
Ccp = computed constituent concentration at the control point 

2. The average reservoir release concentration is computed for 
all reservoirs for which the constituent concentration in the 
releases is greater than the target concentration at the control point 
of interest (for those constituents below the target) or for which the 
constituent concentration in the releases is less than the target at 
the control point of interest (for those constituents above the 
target). Thus: 



- 
CR = average constituent concentration in reservoir releases for only 

those reservoirs releasing flow with constituent concentrations 
adequate to dilute the control. point concentration and bring it to 
the target 

QRi = flow release from reservoir i 

Ci = constituent concentration in release from reservoir i 
n = number of' reservoirs 

The sums are taken on1.y over those reservoirs i that are capable of 
diluting the control point constituent concentration that is of poorer quality 
than the target concentration. 

3. The total dilution flow requirement is then computed by the following 
quotient : 

where QA is the total. flow release needed to bring the constituent 
concentration at the control point of interest to the target. 

4. The flow QA is then apportioned to the reservoirs capable of bringing the 
control point constituent concentration to the target in proportion to the 
flows originally computed for those reservoirs by the flow simulation 
module. 

Thus the flow augmentation requirement can be computed for each control point 
and for each constituent. The various computed flow rates are then combined by 
using the coefficients of the linear programming objective function and the 
deviation of the respective constituent concentrations from the target 
concentrations at each respective control point as follows: 

where 

Qk = flow release from reservoir k 

N c ~  
= number of control points affected by both reservoirs 

Ncc = number of constituents 
Pi j  = linear programming objective function coefficient for constituent j 

at control point i. 
Cij = computed concentration of constituent j at control point i 
Ci, = target concentration of' constituent i 

Once the Qk is determined, using equation (51) ,  the flow simulation 
module is recalled, and the daily computations for flow and water quality are 
solved again for the final results. 



3 INPUT STRUCTURE 

3.1 0rgani.zation of Input 

The input structure is designed to be flexible with respect to specifying 
characteristics of the reservoir system and other inputs to the system. Each 
input record is described in detail in Exhibit 3. The last two pages of the 
exhibit are a "Summary of Input Records." The summary shows the order in which 
the records should be placed. 

3.2 Type of' Input Records 

The various types of records used are identified by two characters in 
columns 1 and 2. These characters are read by the computer to identify the 
record. Types of records are as follows: 

a. Title Records - TI. Three title records are required. 

b. Job Control Records - JA. This record is required and specifies length 
of simulati.on, number of control points, and water temperature units. 

c. Water Quality Constituent Records,- OC. This record identifies which 
water quality constituents will be modeled. It provides control over 
the number of records to be read. 

d. Reservoir Records - L1 through CR. These records are used to control 
the reservoir simulation and describe the characteristics of the 
reservoir. All records except L5, L6 and L7 are required. Required 
records define the printout interval (L1 record), miscellaneous 
physical constants (L2 record), effective reservoir length (LR record), 
effective diffusion coefficients (L3 and L4 records), effective 
reservoir width (L8 records), initial reservoir temperature and water 
quality profiles (L9 - SC records), and various modeling coefficients 
(K1 - CR records). Optional records (L5, L6 andL7)definethe 
characteristics of the flood control outlet, the uncontrolled spillway 
and the wet wells. These records are optional to the extent that the 
reservoir i.s not required to have all outlet options. Records TQ, C1 - 
SC, and K1 - CR are optional in that they are not required if only 
temperature is simulated. 

e. Stream Records - S1 throu~h CT. All stream records are required. 
These records define prirltout controls and the amount of channel 
geometry data (S1 record), reach limits and local inflow locations (S2 
cards), reaeration controls (SR and SK records), channel cross section 
geometry data (S3 records), typical energy grade line elevations (S4 
records), nonconservative constituent decay rates (KR records) and 
water quality objectives (CT records). 

f. Local Inflow Temperature - I1 through - 14. Record I1 is required to 
define the period of the inflow. Each tributary inflow point requires 
an I2 record plus sets of either 13 or 14 records (but not both) to 
define water quality over the period of record. 



g. Water Surface Heat Exchanae - EZ and E L ,  One EZ record identifies the 
station for the ET records which follow. One ET record defining 
surface heat exchange characteri.stics is required for each day of 
simulation. 

h. Optimization Obiective Functions and Relative Weights - PL and WT. 
These records define the shape of the objective function for each 
constituent (water quality index) and the relative weight between 
constituents . 

i. Gate Operations - G1 and G2. These records define the operation 
schedule for the wet wells, flood control outlet and uncontrolled 
spillway. The values can be actual flows or relative weightings. 

4. OUTPUT 

Options to control output from the water quality simulation module are 
limited to omitting the printout of channel cross section geometry and defining 
the frequency (in time and space) at which temperature and water quality 
simulation results are printed. These options are specified by use of the L1 
and S1 records. 

The sequence of printout from the water quality simulation module is: (a) 
miscellaneous information transferred from the flow simulation module, (b) job 
titles and simulation control data, (c) reservoir related input data, (d) 
stream related input data, (e) input water qua1i.t~ objectives at control 
points, (f) results of the reservoir water quality simulation, and (g) results 
of the stream water quality simulation. Items (a) through (e) are printed at 
the beginning of the run prior to the actual water quality analysis. Items (f) 
and (g) are printed during each simulation iteration. During the simulation 
and in-between the printed reservoir and stream results, selected data 
transferred from the flow simulation module to the water quality module may be 
printed. A detailed description of these items that appear in the output is 
provided below. 

a. Flow Simulation Module Geometrv and Flow Data. The geometry and flow 
data transferred from the flow simulation module to the water quality 
simulation module includes: 

(I) Job titles 

(2) Miscellarleous reservoir and stream channel discharge control data 
and routing information. 

(3) The elevation versus storage versus surface area tables defining 
the reservoir geometry. 

The printout of some of the above data may be suppressed at the users 
option (JA card, Field 7). 

b. Job Titles and Simulation Controls. Selected information from data 
records TI through TQ are printed. Simulation controls include the 
length of simulation, input units, and identification of water quality 
consti tuerlts to be simulated. 



c. Reservoir Related Input Data. The reservoir related data include data 
from records L1 through CR, I1 through 14, and data transferred from 
the flow simulation module. These data include: 

(1) Mi.scellaneous geometric data, reservoir light attenuation 
characteri.stics and diffusion coefficients. 

(2) Outlet characteristics of the flood control outlet, uncontrolled 
spillway and the wet we1l.s of the reservoir's selective withdrawal 
structure. 

(3) Table of reservoir geometry data and initial temperature and water 
quality data which includes both the input data and interpolated 
data for each fluid element. The geometry data includes 
elevation, area, volume and width at the dam. 

(4) Reservoir i.nflow water quality data. 

d. Stream Related Input Data., The stream related data include data from 
the S1 through 14 records, These data include: 

(1) Miscell.aneous print and read contro1.s. 

(2) Control point locations, fluid element lengths, location of local 
inflows and the fraction of the incremental. local inflow 
discharged at the various locations. 

(3) Stream channel cross section geometry tables. These tables define 
the relationship between elevation and area, hydraulic radius to 
the two-thirds power, width, Manning's n and flow. The printout 
of these geometry tables may be suppressed at the users option. 

(4) Tri.butary inf l.ow water qual.ity data. 

e. Water Qualitv Obiectives at Control Points. The water quality 
objectives include data input on the CT records. These data include 
the control point objectives and the objective function parameters. 

f. Results of the Reservoir Simulation. The results of the reservoir 
simulation are printed at intervals speci,fied by the user. This output 
is printed during the appropriate simulation iteration and includes: 

(1) Equilibrium temperature, heat exchange rates, short wave solar 
radiation and wind speed. (These data are input via the ET 
records. ) 

(2) The reservoir inflow rate, outflow rates through the various 
outlets, mean outflow temperature and water quality, outflow 
temperature and water quality objectives and the reservoir 
elevation, surface area and volume. 

( 3 )  Computed reservoir temperature and water quality profiles. 



g. Results of the Stream Simulation. The results of the stream simulation 
are printed at intervals specified by the user. This output is printed 
during the appropriate simulation iteration and includes: 

(1) Equilibrium temperature, heat exchange rates, short wave solar 
radiation and wind speed. (These data are input via the ET 
records. ) 

(2) Reservoir outflow rates, temperature and water quality. 

(3) Local, inflow rates, temperature and water quality. 

( 4 )  Computed stream temperature and water quality distributions. 

(5)  Stream temperature and water quality targets. 

An example of the output from this module is provided in Test Problem 1 of 
Exhibit I. 
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EXHIBIT 1. 
TEST PROBLEMS 

INTRODUCTION 

Input for six water quality test problems are shown in this exhibit along 
with a general description of each. Output for Test Problem 1 i.s also shown as 
an illustration of' typical output. 

TEST PROBLEM 1 - Standard Parallel Reservoir Case 

a. The system simulated in this test of the water quality simulation module 
consists of two parallel reservoirs and the downstream system. The 
system diagram is shown on the following page. 

b. The reservoir characteristics are: 

Baker Reservoir Smith Reservoir 

Reservoir depth 250 ft 115 ft 
Reservoir capacity 1,688,00 ac-ft 1,130 ac-ft 
Flood control outlet Yes No 
Uncontrolled Spillway No Yes 
Number of wet wells 2 2 
Gates per wet well 4 4 

c. The stream system consists of a 5.5 mile stretch from Baker Reservoir to 
the confluence with the stream on which the Smith Reservoir is located. 
Smith Reservoir is 4.7 miles above the confluence. The energy grade 
line (EGL) slope from Baker reservoir to the confluence is 0.00065. The 
EGL slope from the Smith reservoir to the confluence is 0.0014. From 
the confluence (CP #30) to CP #40, the EGL slope is 0.00057 and from CP 
#40 to river mile 30.4 the EGL slope is 0.00065. Below river mile 30.4, 
to the end of the system, the EGL slope is 0.000076. 

d. Tributary inflows are input to the stream system at two points, RM 45 
and RM 30. 

e. Temperature, total disso1,ved solids (TDS), carbonaceous BOD and 
dissolved oxygen are simulated. Local inflow temperature values for 
both of the two reservoirs and for the stream system are furnished as 
departures from the equilibrium temperature. Similarly, carbonaceous 
BOD is furnished as five-day values and a factor of 1.463, based on a 
bottle BOD decay rate of 0.23 per day, is used to convert the five-day 
values to ultimate values. TDS and dissolved oxygen concentrations were 
f'urnished in mg/l.. 
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f'. The water quality objectives for the control points are expressed as 
f'ollows : 

1. Temperature: less than or equal to the specified value 
2. TDS: less than or equal to the specified value 
3. Carbonaceous BOD: less than or equal to the specified value 
4. Dissolved oxygen: greater than or equal to the specified value. 

Different weights are place on each constituent at each control point 
(see CT cards in input data listing). 

g. The recommended weights and objective parameters were used for the gate 
selection routine (see WT and PL cards). 

A complete listing of the input data file follows. Following the data 
listing, selected simulation results are presented as an illustration of example 
output. The simulation results that have been omitted are the repetitive printed 
tables that show simulated stream and reservoir water quality on days after day 
130. A complete output listing is included with the computer source code 
distribution. 
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T1 TESTING HEC5Q WATER QUALITY SIMULATION CAPABILITY 
T2 PARALLEL RIVER SYSTEM 
T3 TEST PROBLEM 1 
J 1 0 5 5 3 4 2 0 
J 2 3 6 0 0 0 0 0 0 
J 9 
RL 10 1200000 0 100000 200000 1500000 1600000 
RO 3 30 40 50 
RS 7 100 6300 31300 88000 188000 563000 
RQ 7 0 20000 30000 40000 50000 50000 
RA 7 10 500 1500 3000 5000 10000 
RE 7 800 825 850 8 70 900 950 
R 3 2 2 2 2 9 9 9 9 9 9 
R3 9 9 9 9 
C P 10 20000 300 200 
IDCPIO-BAKER DAM 
RT 10 30 2.2 .25 12 0 
RL 20 550000 0 2000 550000 952000 1130000 
RO 3 30 40 50 
RS 8 2000 20000 52000 113000 209000 320000 
RQ 8 0 5680 5680 5680 5680 5680 
RA 8 150 2100 4500 7600 11800 17000 
RE 8 892 9 10 920 930 940 950 
R 3 2 2 2 2 9 9 9 9 9 9 
R3 9 9 9 9 
C P 20 20000 30 2 0 
IDCP20-SMITH DAM 
RT 2 0 30 2.2 .25 12 0 
C P 30 30000 300 200 
IDCP30-CONF RM60 
RT 30 40 2.2 .25 12 0 
CP 40 30000 300 200 
ID CP40 ** RM 40 
RT 40 50 2.2 .25 12 0 
C P 50 50000 300 200 
IDCP50 *k RM24.2 
RT 50 0 0 0 0 0 
ED 
BF 0 120 0 074050100 120 2 4 
NOLLST 
IN 10 1MAY74 2059 1814 2125 2243 1947 
IN 1549 1509 1413 4584 7520 5061 3549 
IN 2752 2293 1962 1793 2476 2528 1958 
IN 1810 3581 3367 7629 5501 3699 3057 
IN 1894 1750 1596 1423 1313 1251 1052 
IN 1803 1360 1185 1200 1456 2434 4601 
IN 1846 2107 1918 15259 7046 4185 3113 
IN 1910 1606 1448 1535 1368 1196 1039 
IN 890 890 865 826 783 82 6 928 
IN 804 806 945 801 712 751 9 14 
IN 747 717 823 1416 997 806 759 
IN 633 639 621 644 604 598 598 
IN 662 838 756 1130 1138 1202 1774 
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FICTICIOUS PARALLEL RIVER BASIN TEST OF HEC-5Q WITH WATER QUALITY 
RESERVOIRS ARE FICTICIOUS ALSO ** C.P. OF 10, 20, 30, 40 AND 50 
CONSTITUENTS ARE TEMPERATURE, TDS, CARBONACEOUS BOD AND OXYGEN 
740501 740831 5 2 F 1 

1 
116 67.59 105.5 2350.0 8.53 
117 75.54 75.0 2350.5 5.56 
118 72.51 155.0 2250.2 11.54 
119 73.50 195.0 2250.1 13.59 
120 74.51 125.5 2250.3 8.54 
121 64.56 135.8 2350.6 12.55 
122 62.54 115.4 2450.1 10.51 
123 65.54 125.3 2350.9 10.50 
124 60.56 105.7 2450.1 10.54 
125 63.56 105.6 2450.1 9.55 
126 57.50 125.1 2450.3 12.50 
127 58.55 85.7 2550.6 8.58 
128 66.56 95.8 2450.1 7.52 
129 66.56 135.3 2450.0 11.58 
130 67.58 95.1 2450.6 7.55 
131 70.53 135.1 2450.9 10.59 
132 66.58 145.4 2450.1 12.51 
133 62.56 145.1 2550.4 13.50 
134 72.50 145.0 2450.1 11.53 
135 71.59 175.2 2450.3 13.52 
136 74.51 135.5 2450.6 9.56 
137 78.51 175.4 2450.2 10.55 
138 75.56 125.7 2450.3 8.59 
139 72.54 135.9 2550.7 9.50 
140 73.53 115.8 2550.2 8.55 
141 81.53 95.9 2550.9 5.56 
142 77.55 145.0 2450.5 8.58 
143 73.54 145.7 2550.6 10.51 
144 68.59 155.9 2550.9 12.51 
145 67.54 95.2 2650.1 8.51 
146 69.55 95.3 2650.0 7.52 
147 64.59 115.9 2650.5 10.56 
148 71.57 95.5 2650.2 7.57 
149 73.54 145.0 2550.2 10.52 
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ET 256 76.30 152.9 1764.1 9.26 
ET 257 68.81 104.2 1823.9 7.67 
ET 258 68.40 92.7 1819.5 6.89 
ET 259 71.20 85.1 1791.5 5.84 
ET 260 70.88 113.5 1763.5 8.01 
ET 261 71.83 105.1 1738.1 7.14 
ET 262 74.23 83.9 1717.1 5.21 
ET 263 73.63 110.4 1677.7 7.05 
ET 264 64.69 107.9 1709.2 8.68 
ET 265 60.17 102.2 1716.1 9.13 
ET 266 57.00 77.9 1727.6 7.34 
ET 267 59.29 71.2 1705.0 6.31 
ET 268 62.06 114.1 1649.1 9.84 
ET 269 65.01 115.0 1620.5 9.22 
ET 270 70.84 87.4 1585.5 5.93 
ET 271 72.84 129.1 1529.2 8.43 
ET 272 63.36 163.7 1549.3 13.71 
ET 273 56.34 119.4 1576.0 11.63 
ET -274 53.71 104.9 1568.0 10.72 
QC 1 0 0 0 1 0 1 
TQ TOTAL DISSOLVED SOLIDS IN MG/L, COMPUTED AS 0.62 X CONDUCTIVITY 
TQ CARBONACEOUS BOD IN MG/L 
TQ DXSSOLVED OXYGEN IN MG/L L1 10 1 
L2 10 5 10 .4 1 2 
LR 2 10000 1 5000 
L3 .01 1.-6 1.-4 0 - .7 
L5 50 50000 825 
L7 10 2000 820 860 900 940 
L7 10 2000 840 880 920 960 
L8 200 400 800 1400 2000 3000 5000 
PL 0.25 100 -4.00 
PL 0.05 100 -0.20 
PL 0.20 100 -8.00 
PL 0.25 100 3.2 -0.70 0.10 -0.05 
L9 40 4 1 42 4 3 4 5 4 8 60 
C 1 120. 120. 120. 120. 120. 180. 180. 
C 5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
C7 9.1 9.1 9.1 9.1 9.1 9.1 9.1 
S A 100 100 100 100 100 100 100 
DK 0.1 1.463 
L2 2 0 2 5 .4 1 1 
LR 3 60000. 
L3 .01 1.-6 1.-4 0 - .7  
L5 1 10 895.5 
L6 870 99300 962.5 
L7 7.9 2840 895.5 909.5 923.5 937.5 
L7 7.9 2840 902.5 916.5 930.5 944.5 
L8 410 460 500 550 600 650 700 750 
PI, 0.25 100 -4.00 
PL 0.05 100 -0.20 
PL 0.20 100 -8.00 
PL 0.25 100 3.2 -0.70 0.10 -0.05 
L9 54 5 5 5 7 5 7 5 7 5 7 5 7 5 7 
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0 . 2  1. 0.  
0 .2  1. 0.  
5 . 5  0 .  30. 
5 .5  0 .  30. 
50. 3 .  0 .  1 0  2 0 
55.  3. 0 .  
60 .  3 .  0 .  
65. 3.  0 .  
70 .  3. 0 .  
65. 3 .  0 .  
60.  3 .  0 .  
55 .  3. 0 .  
50. 3 .  0 .  
50 .  3 .  0 .  

190.  1. 0 .  
190.  1. 0 .  

0 . 3  1. 0 .  
0 .3  1. 0 .  
6 . 0  0 .  30. 
6 .0  0 .  30. 

741231 
0 TRIB 1 . . .  LEFT INFLOW RATE . . .  RES # 1 

-0 .5  740408 - 0 . 5  740422 - 0 . 7  740708 - 0 . 3  
- 0 . 3  741231 -0 .5  - 1 

0 TRIB 1 . . .  LEFT INFLOW TEMPERATURE 
-1 .5  740408 -1 .5  740422 - 5 . 0  740708 - 8 .  

- 5 .  741231 -1 .5  - 1 
O TRIB 1 . . .  LEFT INFLOW - TOTAL DISSOIVED SOLIDS 

105.  741231 105.  - 1 
0 TRIB 1 . . .  LEFT INFLOW - CARBONACEOUS BOD 

0.5  741231 0 . 5  - 1 
0 TRIB 1 . . .  LEFT INFLOW - DISSOLVED OXYGEN 

1 2 . 8  740115 1 3 . 1  740215 1 2 . 4  740315 1 1 . 8  
11 .7  740515 9.3 740615 8 . 9  740715 8 .2  

7 . 8  740915 9 .7  741015 10 .0  741115 11 .0  
1 2 . 4  741231 12 .8  - 1 

0 TRIB 2 . . .  RIGHT INFLOW RATE . . .  RES # 1 
- 0 . 5  740408 -0 .5  740422 -0 .7  740708 -0 .7  
-0 .7  741231 -0 .5  - 1 

0 TRIB 2 . . .  RIGHT INFLOW TEMPERATURE 
- 0 . 1  740125 2 .0  740210 1 . 2  740224 -1 .8  
0 . 1  740324 -10 .4  740414 -15 .8  740428 - 2 4 . 3  

- 1 5 . 6  740527 - 1 6 . 0  740609 -11 .0  740623 - 1 5 . 6  
- 9 . 1  740728 -12 .3  740811 - 1 0 . 3  740825 - 1 5 . 0  

-15 .5  740922 -17 .8  741014 -11.1 741028 - 6 . 1  
- 6 . 5  741124 - 4 . 4  741208 - 6 . 2  741231 1 . 5  

O TRIB 2 . . .  RIGHT INFLOW - TDS 
140  740115 1 1 0  740215 240 740315 400 
130  740515 1095 740615 80  740715 100  

70  740915 50  741015 100  741115 90  
310 741231 360 - 1 

O TRIB 2 . . .  RIGHT INFLOW - CBOD 
. 2  740115 .2  740215 . 4  740315 . 5  

Page 1 8  of' 5 1  TEST PROBLEM 1 EXHIBIT 1 



EXHIBIT 1 

. 2  740515 1 . 8  740615 .1 740715 . 2  

.1 740915 .1 741015 . 2  741115 -1 

. 5  741231 . 6  - 1 
O TRIB 2 . . .  RIGHT INFLOW - DISSOLVED OXYGEN 

1 3 . 1  740115 1 3 . 1  740215 1 2 . 4  740315 1 1 . 8  
1 1 . 8  740515 9 . 4  740615 9 .0  740715 8 . 3  

7 .8  740915 9 . 7  741015 1 0 . 0  741115 11 .0  
1 2 . 4  741231 12 .8  - 1 

O TRIB 3 INFLOW RATE - RM 45 & RES # 2 
-1 741231 -1. - 1 
OTRIB 3 - RM 45 

-1 .5  740408 - 1 . 5  740422 - 3 . 0  740708 - 4 .  
- 3 .  741231 - 1 . 5  - 1 

O TRIB 3 - RM 45 - TOTAL DISSOLVED SOLIDS 
160.  741231 160.  - 1 

O TRIB 3 - RM 45 - CARBONACEOUS BOD 
0.6  741231 0 . 6  - 1 

O TRIB 3 - RM 45 - DISSOLVED OXYGEN 
12 .8  740115 1 3 . 1  740215 1 2 . 4  740315 1 1 . 8  
1 1 . 7  740515 9 . 3  740615 8 . 9  740715 8 .2  

7 .8  740915 9 . 7  741015 1 0 . 0  741115 1 1 . 0  
1 2 . 4  741231 1 2 . 8  - 1 

O TRIB 4 INFLOW RATE - RM 30 
-1. 741231 -1. - 1 
OTRIB 4 - RM 30 

- 1 . 5  740408 - 1 . 5  740422 - 3 . 0  740708 -6 .  
- 5 .  741231 -1 .5  - 1 

O TRIB 4 - RM 30 - TOTAL DISSOLVED SOLIDS 
160.  741231 160.  - 1 

O TRIB 4 - RM 30 - CARBONACEOUS BOD 
0 . 6  741231 0 . 6  - 1 

O TRIB 4 - RM 30 - DISSOLVED OXYGEN 
12.8  740115 1 3 . 1  740215 1 2 . 4  740315 1 1 . 8  
1 1 . 7  740515 9 . 3  740615 8 .9  740715 8 . 2  

7 .8  740915 9.7 741015 10 .0  741115 1 1 . 0  
1 2 . 4  741231 1 2 . 8  - 1 
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TEST PROBLEM 2 - Standard Tandem Reservoir Case 

a. The system simulated in this test of the water quality simulation module 
consists of two tandem reservoirs, the reach of the stream between the 
reservoirs and a reach of stream below the more downstream reservoir.. 
The system diagram is shown on the following page. 

b. The reservoirs used for thi.s test problem have the same sizes, depths 
and outlet characteristics as the two reservoirs used for Test Problem 
1. The Hayes Reservoir, in this example, corresponds to the Baker 
Reservoir in Test Problem 1. Similarly, Davis Reservoir, in this 
example, corresponds to the Smith reservoir in Test Problem 1. 

c. The stream system consists of 25.5 miles of stream between the Hayes and 
Davis Reservoirs. The energy grade line (EGL) slope between the Hayes 
Reservoir, at RM 65.5 and RM 60 (CP #20) is 0.00065. The EGL slope 
between RM 60 and RM 40 (CP #30), in the headwaters of the Davis 
Reservoir is 0.00057. From Davis dam, at RM 32.0 (CP #40) to RM 30.4, 
the stream has an EGL slope of 0.00012. From RM 30.4 to the end of the 
system, RM 24.2 (CP #5), the EGL slope is 0.000076. 

d. Tributary inflows to the stream system between the two reservoirs occur 
at control point 20 and 30. Below the Davis Reservoir, tributary inflow 
occurs at river mile 30.0. 

e. Temperature, total dissolved solids (TDS), carbonaceous BOD and 
dissolved oxygen are simulated. All data, inflow values, control 
points, water quality objectives, and gate selection weights and 
objective function parameters are furnished as described for Test 
Problem 1. 

A complete listing of the input data file is given below. A complete output 
listing is included with the computer source code distribution. 
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T1 TESTING HEC5Q WATER QUALITY SIMULATION CAPABILITY 
T2 TANDEM RIVER SYSTEM 
T3 TEST PROBLEM 2 
J 1 0 5 5 3 4 2 0 
J 2 3 6 0 0 0 0 0 0 
J 9 
RL 10 1200000 0 100000 200000 1500000 1600000 
RO 3 2 0 30 40 
RS 7 100 6300 31300 88000 188000 563000 
RQ 7 0 20000 30000 40000 50000 50000 
RA 7 10 500 1500 3000 5000 10000 
RE 7 800 8 2 5 850 870 900 950 
R3 2 2 2 2 9 9 9 9 9 9 
R3 9 9 9 9 
C P 10 15000 300 200 
IDCPlO-HAYES DAM 
RT 10 2 0 2.2 .25 12 0 
C P 20 12000 300 2 00 
ID CP20 * *  RM 60 
RT 2 0 30 2.2 .25 12 0 
C P 30 12000 300 200 
ID CP30 A *  RM 40 
RT 3 0 4 0 2.2 .25 12 0 
RL 40 550000 0 2000 550000 952000 1130000 
RO 1 50 
RS 8 2000 20000 52000 113000 209000 320000 
RQ 8 0 5680 5680 5680 5680 5680 
RA 8 150 2100 4500 7600 11800 17000 
RE 8 892 9 10 920 930 940 950 
R3 2 2 2 2 9 9 9 9 9 9 
R3 9 9 9 9 
CP 40 10000 300 200 
IDCP40-DAVIS DAM 
RT 40 50 2.2 .25 12 0 
CP 50 50000 300 200 
IDCP50 * *  RM24.2 
RT 50 0 0 0 0 0 
ED 
BF 0 120 0 074050100 120 24 
NOLIST 
IN 10 1MAY.74 2059 1814 2125 2243 1947 
IN 1549 1509 1413 4584 7520 5061 3549 
IN 2752 2 2 9 3 1962 1793 2476 2528 1958 
IN 1810 3581 3367 7629 5501 3699 3057 
IN 1894 1750 15 9 6 1423 1313 1251 1052 
IN 1803 1360 1185 1200 1456 2434 4601 
IN 1846 2107 1918 15259 7046 4185 3113 
IN 1910 1606 1448 15 3 5 1368 1196 1039 
IN 890 890 865 826 783 826 928 
IN 804 806 945 801 712 751 9 14 
IN 747 717 823 1416 997 806 759 
IN 633 639 621 644 604 598 598 
IN 662 838 756 1130 1138 1202 1774 
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FICTICIOUS TANDEM RIVER BASIN TEST OF HEC-5Q WITH WATER QUALITY 
RESERVOIRS ARE FICTICIOUS ALSO C.P. OF 10, 20, 30, 40 AND 50 
CONSTITUENTS ARE TEMPERATURE, TDS, CARBONACEOUS BOD AND OXYGEN 
740501 740831 5 2 F 1 

1 
116 67.59 105.5 2350.0 8.53 
117 75.54 75.0 2350.5 5.56 
118 72.51 155.0 2250.2 11.54 
119 73.50 195.0 2250.1 13.59 
120 74.51 125.5 2250.3 8.54 
121 64.56 135.8 2350.6 12.55 
122 62.54 115.4 2450.1 10.51 
123 65.54 125.3 2350.9 10.50 
124 60.56 105.7 2450.1 10.54 
125 63.56 105.6 2450.1 9.55 
126 57.50 125.1 2450.3 12.50 
127 58.55 85.7 2550.6 8.58 
128 66.56 95.8 2450.1 7.52 
129 66.56 135.3 2450.0 11.58 
130 67.58 95.1 2450.6 7.55 
131 70.53 135.1 2450.9 10.59 
132 66.58 145.4 2450.1 12.51 
133 62.56 145.1 2550.4 13.50 
134 72.50 145.0 2450.1 11.53 
135 71.59 175.2 2450.3 13.52 
136 74.51 135.5 2450.6 9.56 
137 78.51 175.4 2450.2 10.55 
138 75.56 125.7 2450.3 8.59 
139 72.54 135.9 2550.7 9.50 
140 73.53 115.8 2550.2 8.55 
141 81.53 95.9 2550.9 5.56 
142 77.55 145.0 2450.5 8.58 
143 73.54 145.7 2550.6 10.51 
144 68.59 155.9 2550.9 12.51 
145 67.54 95.2 2650.1 8.51 
146 69.55 95.3 2650.0 7.52 
147 64.59 115.9 2650.5 10.56 
148 71.57 95.5 2650.2 7.57 
149 73.54 145.0 2550.2 10.52 
150 80.54 105.4 2550.5 6.51 
151 77.53 135.9 2550.9 8.54 
152 70.57 135.4 2550.9 10.59 
153 72.59 125.6 2650.7 9.56 
154 78.51 85.5 2650.4 5.50 
155 79.57 95.9 2550.9 6.59 
156 76.56 135.5 2550.6 8.53 
157 77.55 135.5 2550.1 8.50 
158 75.53 175.0 2550.3 11.53 
159 78.50 135.6 2550.9 8.54 
160 82.50 135.6 2550.4 7.57 
161 77.57 215.1 2550.9 13.52 
162 69.53 175.9 2650.5 13.57 
163 71.57 115.4 2650.6 8.58 
164 73.56 105.8 2650.3 7.56 
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QC 1 0 0 
TQTOTAL DISSOLVED SOLIDS IN MG/L, 
TQCARBONACEOUS BOD IN MG/L 
TQDISSOLVED OXYGEN IN MG/L 
Ll 10 1 
L2 10 5 10 
LR 1 10000 
L3 .01 1.-6 1. -4 
L5 50 50000 825 
L7 10 2000 820 860 
L7 10 2000 840 880 
L8 200 400 800 
PL 0.25 100 -4.00 
PL 0.05 100 -0.20 
PL 0.20 100 -8.00 
PL 0.25 100 3.2 -0.70 
L9 40 4 1 4 2 
C1 105. 110. 115. 
C5 1.5 1.5 1.0 
C 7 6.0 6.0 6.5 
S A 100 
DK 0.1 
L2 40 2 60000 5 
LR 
L3 .01 1. -6 1. -4 
L5 50. 5000. 895. 
L6 870 99300 962.5 
L7 7.9 2840 895.5 909.5 
L7 7.9 2840 902.5 916.5 
L8 410 460 500 
PL 0.25 100 -4.00 
PL 0.05 100 -0.20 
PL 0.20 100 -8.00 
PL 0.25 100 3.2 -0.70 
L9 5 4 5 5 5 7 
C1 150 155 160 
C5 1.0 1.0 1.0 
C7 5.5 5.5 6.0 
S A 100 100 100 
DK .2 
CR 1.047 1.047 1.047 
S1 10 1 - 1 
S 2 10 65.5 2 0 60 
S 2 20 60.0 3 0 40 
S2 0 0 0 0 
S2 40 3 2 50 24.2 
SR 10 2 0 2 7 
S K 1. 1. 1. 
SR 20 30 2 2 
SR -40 50 1 2 
S 3 10 65.5 844.0 0. 
S 3 65.5 844.2 0. 
S 3 65.5 844.6 4.0 
S 3 65.5 845.0 14.0 

0 1 0 1 
COMPUTED AS 0.62 X CONDUCTIVITY 
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55. 3 .  0 .  
50. 3.  0 .  
50. 3. 0 .  

190.  1. 0 .  
190.  1. 0 .  

0 . 3  1. 0 .  
0 . 3  1. 0 .  
6 .0  0. 30.  
6 . 0  0 .  30. 

741231 
0 TRIB 1 INFLOW RATE - RES #1 

-1 741231 -1. - 1 
0 UPPER INFLOW 

- 1 . 5  740408 -1 .5  740422 - 5 . 0  740708 
-5 .  741231 - 1 . 5  - 1 

0 UPPER INFLOW - TOTAL DISSOLVED SOLIDS 
105 .  741231 105.  - 1 

0 UPPER INFLOW - CARBONACEOUS BOD 
0 .5  741231 0 . 5  - 1 

0 UPPER INFLOW - DISSOLVED OXYGEN 
1 2 . 8  740115 1 3 . 1  740215 1 2 . 4  740315 
11 .7  740515 9 . 3  740615 8 .9  74071.5 

7 . 8  740915 9.7 741015 1 0 . 0  741115 
1 2 . 4  741231 1 2 . 8  - 1 

0 TRIB 2 INFLOW RATE - RM 60 
-1 741231 -1. - 1 
0 TRIB 2 - RM 60 

-1 .5  740408 -1 .5  740422 - 5 . 0  740708 
- 5 .  741231 - 1 . 5  - 1 
0 TRIB 2 - RM 60 - TDS 

150.  741231 150.  - 1 
0 TRIB 2 - RM 60 - CBOD 

0 .5  741231 0 .5  - 1 
0 TRIB 2 - RM 60 - DO 

1 2 . 6  740115 1 2 . 7  740215 13 .0  740315 
11 .5  740515 9 . 1  740615 8 . 6  740715 

7 . 7  740915 9 . 0  741015 9 . 7  741115 
12 .6  741231 12 .6  - 1 

0 TRIB 3 INFLOW RATE - RM 4 0  
-1 741231 -1. - 1 
0 TRIB 3 - RM 4 0  

- 1 . 5  740408 -1.5 740422 - 5 . 0  740708 
- 5 .  741231 -1 .5  - 1 

0 TRIB 3 - RM 4 0  - TDS 
150.  741231 150.  - 1 

0 TRIB 3 - RM 4 0  - CBOD 
0 .5  741231 0 .5  - 1 

O TRIB 3 - RM 4 0  - DO 
12 .6  740115 1 2 . 7  740215 1 3 . 0  740315 
1 1 . 5  740515 9 . 1  740615 8 . 6  740715 

7 . 7  740915 9 . 0  741015 9 .7  741115 
1 2 . 6  741231 12 .6  - 1 

0 TRIB 4 INFLOW RATE - RM 30  
-1 741231  -1. - 1 
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EXHIBIT 1 

1 0 TRIB 4 - 
740101 -1.5 740408 
740826 -5.  741231 

O TRIB 4 - 
740101 160. 741231 

0 TRIB 4 - 
740101 0 .6  741231 

- 1 0 TRIB 4 - 
740101 100. 741231 

RM 30 
-1.5 740422 -3 .0  740708 
-1.5 - 1 

RM 30 - TOTAL DISSOLVED SOLIDS 
160. - 1 

RM 30 - CARBONACEOUS BOD 
0.6  - 1 

RM 30 - DISSOLVED OXYGEN 
100. - 1 
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TEST PROBLEM 3 - Parallel Reservoirs with Calibration Option 

The system simulated in this test of the water quality module consists of 
the same reservoir and stream configuration as Test Problem 1. The unique input 
to this test problem includes selecting the calibration option ( J 9  card, Field 
4) and specifying the gate operation cards (GI and G2 cards). 

A complete listing of' the input data deck is given below. A complete output 
listing is included with the computer source code distribution. 
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TI TESTING HEC5Q WATER QUALITY SIMULATION CAPABILITY 
T2 PARALLEL RIVER SYSTEM . . .  CALIBRATION OPTION 
T3 TEST PROBLEM 3 
J 1 0 5 5 3 4 2 0 
J 2 3 6 0 0 0 0 0 0 
J 9 0 0 1 
RL 10 1200000 0 100000 200000 1500000 1600000 
RO 3 30 40 50 
RS 7 100 6300 31300 88000 188000 563000 
RQ 7 0 20000 30000 40000 50000 50000 
RA 7 10 500 1500 3000 5000 10000 
RE 7 800 82 5 850 870 900 950 
R 3 2 2 2 2 9 9 9 9 9 9 
R 3 9 9 9 9 
C P 10 20000 300 200 
IDCPlO-BAKER DAM 
RT 10 30 2.2 .25 12 0 
RL 20 550000 0 2000 550000 952000 1130000 
RO 3 3 0 4 0 50 
RS 8 2000 20000 52000 113000 209000 320000 
RQ 8 0 5680 5680 5680 5680 5680 
RA 8 150 2100 4500 7600 11800 17000 
RE 8 892 910 920 930 940 950 
R 3 2 2 2 2 9 9 9 9 9 9 
R3 9 9 9 9 
C I? 20 20000 300 2 00 
IDCP20-SMITH DAM 
RT 2 0 3 0 2.2 .25 12 0 
CP 30 30000 300 200 
IDCP30-CONF RM60 
RT 30 40 2.2 .25 12 0 
CP 40 30000 300 200 
ID CP40 ** RM 40 
RT 40 50 2.2 .25 12 0 
C P 50 50000 300 2 00 
IDCP50 ** RM24.2 
RT 5 0 0 0 0 0 0 
ED 
BF 0 120 0 074050100 120 24 
NOLI ST 
IN 10 1MAY74 2059 1814 2125 2243 1947 
IN 1549 1509 1413 4584 7520 5061 3549 
IN 2752 2293 1962 1793 2476 2528 1958 
IN 1810 3581 3367 7629 5501 3699 3057 
IN 1894 1750 1596 142 3 1313 1251 1052 
IN 1803 1360 1185 1200 1456 2434 4601 
IN 1846 2107 1918 15259 7046 4185 3113 
IN 1910 1606 1448 1535 1368 1196 1039 
IN 890 890 865 826 783 826 928 
IN 804 806 945 801 712 751 9 14 
IN 747 717 823 1416 997 806 759 
IN 633 639 621 644 6 04 598 598 
IN 662 838 756 1130 1138 1202 1774 
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PARALLEL RIVER BASIN TEST WITH PRESET GATE OPERATION (CAL.MODE) 
RESERVOIRS ARE FICTICIOUS ALSO * A  C.P. OF 1 0 ,  20, 3 0 ,  40 AND 50 
CONSTITUENTS ARE TEMPERATURE, TDS, CARBONACEOUS BOD AND OXYGEN 
740501  740831  5  2  F 0  

- 1 
1 2 1  6 4 . 0 6  1 3 8 . 8  2385.6  1 2 . 3 5  
122  6 2 . 4 4  1 1 1 . 4  2 4 0 9 . 1  1 0 . 3 1  
123  6 5 . 4 4  1 2 6 . 3  2385 .9  1 0 . 6 0  
1 2 4  60 .66  1 0 7 . 7  2 4 5 6 . 1  1 0 . 3 4  
125  6 3 . 3 6  1 0 2 . 6  2457 .1  9 . 3 5  
126  5 7 . 6 0  1 2 4 . 1  2466 .3  1 2 . 6 0  
127 5 8 . 7 5  8 9 . 7  2507.6  8 . 8 8  
128  6 6 . 1 6  9 0 . 8  2 4 8 4 . 1  7 . 7 2  
129  6 6 . 3 6  1 3 8 . 3  2446 .0  1 1 . 4 8  
1 3 0  6 7 . 6 8  9 6 . 1  2494.6  7 . 8 5  
1 3 1  7 0 . 2 3  1 3 0 . 1  2473 .9  1 0 . 0 9  
132  6 6 . 1 8  1 4 7 . 4  2 4 7 0 . 1  1 2 . 2 1  
133  6 2 . 5 6  1 4 4 . 1  2 5 1 8 . 4  1 3 . 4 0  
1 3 4  7 2 . 0 0  1 4 9 . 0  2 4 9 2 . 1  1 1 . 2 3  
135  7 1 . 4 9  1 7 5 . 2  2472.3  13 .02  
136  7 4 . 9 1  1 3 3 . 5  2480.6  9 . 0 6  
137  7 8 . 2 1  1 7 6 . 4  2413.2  1 0 . 6 5  
138  7 5 . 0 6  1 2 7 . 7  2486 .3  8 .59  
1 3 9  7 2 . 8 4  1 3 1 . 9  2525.7  9 . 6 0  
1 4 0  7 3 . 3 3  1 1 8 . 8  2544.2  8 .55  
1 4 1  8 1 . 6 3  9 5 . 9  2508.9  5 . 4 6  
142  7 7 . 9 5  1 4 2 . 0  2476.5  8 . 6 8  
143  7 3 . 9 4  1 4 8 . 7  2521.6  1 0 . 3 1  
1 4 4  6 8 . 9 9  1 5 1 . 9  2563 .9  1 2 . 0 1  
145  6 7 . 2 4  9 9 . 2  2 6 1 4 . 1  8 . 2 1  
146  69 .55  9 7 . 3  2617 .0  7 . 7 2  
147  6 4 . 6 9  1 1 9 . 9  2640.5  1 0 . 7 6  
148  7 1 . 1 7  9 7 . 5  2626.2  7 . 4 7  
1 4 9  7 3 . 5 4  1 4 5 . 0  2558.2  1 0 . 0 2  
150  8 0 . 0 4  1 0 7 . 4  2543.5  6 . 3 1  
1 5 1  7 7 . 1 3  1 3 7 . 9  2528 .9  8 . 6 4  
152  70 .47  1 3 2 . 4  2598 .9  1 0 . 0 9  
1 5 3  7 2 . 0 9  1 2 0 . 6  2629.7  9 .06  
1 5 4  7 8 . 2 1  86 .5  2 6 2 1 . 4  5 . 5 0  
155  7 9 . 5 7  9 9 . 9  2598 .9  6 . 0 9  
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ET 210 78.96 151.3 2377.3 8.93 
ET 211 77.41 150.5 2393.2 9.42 
ET 212 79.23 127.3 2391.3 7.67 
ET 213 83.59 103.3 2373.8 5.55 
ET 214 84.94 111.8 2329.0 5.68 
ET 215 79.84 175.7 2297.5 10.04 
ET 216 76.86 172.7 2324.9 10.85 
ET 217 75.70 118.1 2364.3 7.76 
ET 218 79.32 102.2 2340.8 6.09 
ET 219 84.34 95.9 2296.2 4.97 
ET 220 83.50 107.5 2261.9 5.59 
ET 221 83.93 98.9 2259.4 5.08 
ET 222 78.15 134.9 2266.7 8.19 
ET 223 78.78 161.9 2230.5 9.64 
ET 224 83.66 114.8 2198.0 5.88 
ET 225 82.54 122.9 2195.5 6.55 
ET 226 79.68 132.4 2210.7 7.76 
ET 227 81.79 96.2 2219.6 5.35 
ET 228 85.68 86.2 2188.8 4.25 
ET 229 79.77 152.6 2150.0 8.77 
ET 230 87.04 73.6 2159.9 3.42 
ET 231 86.54 73.1 2158.0 3.47 
ET 232 90.10 67.8 2142.1 2.93 
ET 233 85.53 89.0 2121.1 4.38 
ET 234 85.12 89.0 2106.5 4.43 
ET 235 84.78 95.2 2088.7 4.77 
ET 236 82.42 110.2 2072.5 5.88 
ET 237 87.62 71.2 2069.9 3.22 
ET 238 86.02 88.3 2042.6 4.21 
ET 239 80.53 159.8 2012.4 8.88 
ET -240 79.48 145.3 2004.1 8.19 
QC 1 0 0 0 1 
TQ TOTAL DISSOLVED SOLIDS IN MG/L, COMPUTED AS 
TQ CARBONACEOUS BOD IN MG/L 
TQ DISSOLVED OXYGEN IN MG/L 
Ll 10 1 
L2 10 5 10 .6 2 
LR 2 10000 1 5000 
L3 .01 1. -6 1. -4 0 - .7 
L5 50 50000 825 
L7 10 2000 820 860 900 940 
L7 10 2000 840 880 920 960 
L8 200 400 800 1400 2000 
PL 0.25 100 -4.00 
PL 0.05 100 -0.20 
PL 0.20 100 -8.00 
PL 0.25 100 3.2 -0.70 0.10 -0.05 
L9 40 4 1 4 2 4 3 4 5 
C 1 120. 120. 120. 120. 120. 
C5 0.5 0.5 0.5 0.5 0.5 
C 7 9.1 9.1 9.1 9.1 9.1 
S A 100 100 100 100 100 
DK 0.1 1.463 
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45.  3 .  0 .  
50 .  3 .  0 .  
55 .  3 .  0 .  
60.  3 .  0 .  
55.  3 .  0 .  
50.  3 .  0 .  
45.  3 .  0 .  
45 .  3 .  0 .  

170.  1. 0 .  
170.  1. 0 .  

0 . 2  1. 0 .  
0 . 2  1. 0 .  
5 . 5  0 .  30. 
5 . 5  0 .  30. 
50.  3 .  0 .  
55.  3 .  0 ,  
60.  3 .  0 .  
65.  3 .  0 .  
70.  3 .  0 .  
65.  3 .  0 .  
60. 3 .  0 .  
55.  3 .  0 .  
50.  3 .  0 .  
50.  3 .  0 .  

190 .  1. 0 .  
190.  1. 0 .  

0 . 3  1. 0 .  
0 . 3  1. 0 .  
6 . 0  0 .  30. 
6 . 0  0 .  30.  

741231 
0  TRIB 1 . . .  BAKER INFLOW RATE . . .  RES # 1 

- 0 . 5  740408 - 0 . 5  740422 - 0 . 7  740708 - 0 . 3  
- 0 . 3  741231 - 0 . 5  - 1 

0  TRIB 1 . . .  BAKER INFLOW TEMPERATURE 
- 1 . 5  740408 - 1 . 5  740422 - 5 . 0  740708 - 8 .  

- 5 .  741231 - 1 . 5  - 1 
O TRIB 1 . . .  BAKER INFLOW - TOTAL DISSOLVED SOLIDS 

105.  741231 105.  - 1 
O TRIB 1 . . .  BAKER INFLOW - CARBONACEOUS BOD 

0 . 5  741231 0 . 5  - 1 
O TRIB 1 . . .  BAKER INFLOW - DISSOLVED OXYGEN 

12 .8  740115 1 3 . 1  740215 1 2 . 4  740315 1 1 . 8  
1 1 . 7  740515 9 . 3  740615 8 . 9  740715 8 . 2  

7 . 8  740915 9 . 7  741015 1 0 . 0  741115 1 1 . 0  
1 2 . 4  741231 1 2 . 8  - 1 

0  TRIB 2  . . .  SMITH INFLOW RATE . . .  RES # 1 
- 0 . 5  740408 - 0 . 5  740422 - 0 . 7  740708 - 0 . 7  
- 0 . 7  741231 - 0 . 5  - 1 

0  TRIB 2  . . .  SMITH INFLOW TEMPERATURE 
- 0 . 1  740125 2 . 0  740210 1 . 2  740224 - 1 . 8  
0 . 1  740324 -10 .4  740414 - 1 5 . 8  740428 -24 .3  

-15 .6  740527 - 1 6 . 0  740609 -11 .0  740623 - 1 5 . 6  
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O TRIB 2 . . .  SMITH INFLOW - TDS 
140 740115 110 740215 240 740315 400 
130 740515 1095 740615 80 740715 100 

70 740915 50 741015 100 741115 90 
310 741231 360 - 1 

O TRIB 2 . . .  SMITH INFLOW - CBOD 
. 2  740115 .2  740215 . 4  740315 . 5  
. 2  740515 1 . 8  740615 .1 740715 .2 
.1 740915 .I 741015 .2  741115 .1 
. 5  741231 . 6  - 1 

O TRIB 2 . . .  SMITH INFLOW - DISSOLVED OXYGEN 
1 3 . 1  740115 1 3 . 1  740215 1 2 . 4  740315 1 1 . 8  
1 1 . 8  740515 9 . 4  740615 9 . 0  740715 8 . 3  

7 . 8  740915 9 . 7  741015 1 0 . 0  741115 1 1 . 0  
1 2 . 4  741231 1 2 . 8  - 1 

O TRIB 3 INFLOW RATE - RM 45 & RES # 2 
-1 741231 -1. - 1 
OTRIB 3 - RM 45 

- 1 . 5  740408 - 1 . 5  740422 - 3  . O  740708 - 4 .  
- 3 .  741231 - 1 . 5  - 1 

O TRIB 3 - RM 45 - TOTAL DISSOLVED SOLIDS 
160.  741231 160 .  - 1 

O TRIB 3 - RM 45 - CARBONACEOUS BOD 
0 . 6  741231 0 . 6  - 1 

O TRIB 3 - RM 45 - DISSOLVED OXYGEN 
1 2 . 8  740115 1 3 . 1  740215 1 2 . 4  740315 1 1 . 8  
1 1 . 7  740515 9 . 3  740615 8 . 9  740715 8 . 2  

7 . 8  740915 9 .7  741015 1 0 . 0  741115 1 1 . 0  
1 2 . 4  741231 1 2 . 8  - 1 

O TRIB 4 INFLOW RATE - RM 30 
-1. 741231 -1. - 1 
OTRIB 4 - RM 30 

- 1 . 5  740408 - 1 . 5  740422 - 3 . 0  740708 - 6 .  
- 5 .  741231 - 1 . 5  - 1 

O TRIB 4 - RM 30 - TOTAL DISSOLVED SOLIDS 
160 .  741231 160.  - 1 

O TRIB 4 - RM 30 - CARBONACEOUS BOD 
0 . 6  741231 0 . 6  - 1 

O TRIB 4 - RM 30 - DISSOLVED OXYGEN 
1 2 . 8  740115 1 3 . 1  740215 1 2 . 4  740315 1 1 . 8  
1 1 . 7  740515 9 . 3  740615 8 . 9  740715 8 . 2  

7 . 8  740915 9 . 7  741015 1 0 . 0  741115 1 1 . 0  
1 2 . 4  741231 1 2 . 8  - 1 
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TEST PROBLEM 4 - Tandem Reservoirs with Phytoplankton Option 

The system simulated in this test of' the water quality module consists of' 
the same reservoir and stream configuration as Test Problem 2. The unique input 
to this test problem, includes selecting the phytoplankton option (QC card, 
Field 9 ) ,  omi.tting constituent title card (TQ cards), and specifying the 
necessary stream objective function values (CT cards) and the local inflow 
quality cards (11-14 cards). 

A complete listing of' the input data deck is given below. A complete output 
listing is included with the computer source code distribution. 
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T1 TESTING IIEC5Q WATER QUALITY SIMULATION CAPABILITY 
T 2 TANDEM RIVER SYSTEM . . .  PHYTOPLANKTON OPTION 
T3 TEST PROBLEM 4 
J 1 0 5 5 3 4 2 0 
J 2 3 6 0 0 0 0 0 0 
J 9 
RL 10 1200000 0 100000 200000 1500000 1600000 
RO 3 2 3 4 
RS 7 100 6300 31300 88000 188000 563000 
RQ 7 0 20000 30000 40000 50000 50000 
RA 7 10 500 1500 3000 5000 10000 
RE 7 800 825 850 870 900 950 
R 3 2 2 2 2 9 9 9 9 9 9 
R3 9 9 9 9 
C P 10 15000 300 200 
IDCP10-HAYES DAM 
RT 10 2 0 2.2 .25 12 0 
CP 20 12000 300 200 
ID CP20 ** RM60 
RT 20 3 0 2.2 .25 12 0 
C P 30 12000 300 200 
ID CP30 A* RM40 
RT 30 4 0 2.2 .25 12 0 
RL 40 550000 0 2000 550000 952000 1130000 
RO 1 5 
RS 8 2000 20000 52000 113000 209000 320000 
RQ 8 0 5680 5680 5680 5680 5680 
RA 8 150 2100 4500 7600 11800 17000 
RE 8 892 910 920 930 940 950 
R3 2 2 2 2 9 9 9 9 9 9 
R3 9 9 9 9 
CP 40 10000 300 2 00 
IDCP40-DAVIS DAM 
RT 40 50 2.2 .25 12 0 
CP 50 50000 300 200 
IDCP50 * A  RM24.2 
RT 50 0 0 0 0 0 
ED 
BF 0 120 0 074050100 12 0 2 4 
NOLI ST 
IN 10 1MAY74 2059 1814 2125 2243 1947 
IN 1549 1509 1413 4584 7520 5061 3549 
IN 2752 2293 1962 1793 2476 2528 1958 
IN 1810 3581 3367 7629 5501 3699 3057 
IN 1894 1750 1596 1423 1313 1251 1052 
IN 1803 1360 1185 1200 1456 2434 4601 
IN 1846 2107 1918 15259 7046 4185 3113 
IN 1910 1606 1448 1535 1368 1196 1039 
IN 890 890 865 826 783 826 928 
IN 804 806 945 801 712 751 9 14 
IN 747 717 823 1416 997 806 759 
IN 633 639 621 644 604 598 598 
IN 662 838 756 1130 1138 1202 1774 

Page 2 of 14 TEST PROBLEM 4 EXHIBIT 1 



IN 20 
IN 406 
IN 1685 
IN 669 
IN 575 
IN 671 
IN 829 
IN 922 
IN 279 
IN 106 
IN 178 
IN 161 
IN 87 
IN 30 
IN 406 
IN 1685 
IN 669 
IN 575 
IN 671 
IN 829 
IN 922 
IN 279 
IN 106 
IN 178 
IN 161 
IN 87 
IN 5 0 
IN 3011 
IN 6757 
IN 1941 
IN 978 
IN 2159 
IN 1483 
IN 3314 
IN 980 
IN 566 
IN 930 
IN 684 
IN 621 
QA 10 
QA 1480 
QA 4130 
QA 1270 
QA 1570 
QA 3120 
QA 2100 
QA 1750 
QA 570 
QA 741 
QA 819 
QA 719 
QA 521 
EJ 
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FICTICIOUS TANDEM RIVER BASIN TEST OF HEC-5Q WITH WATER QUALITY 
UPPER AND LOWER RESERVOIRS ARE FICTICIOUS ALSO 
PHYTOPLANKTON OPTION 
740501 740831 5 2 F 0 

- 1 
121 64.06 138.8 2385.6 12.35 
122 62.44 111.4 2409.1 10.31 
123 65.44 126.3 2385.9 10.60 
124 60.66 107.7 2456.1. 10.34 
125 63.36 102.6 2457.1 9.35 
126 57.60 124.1 2466.3 12.60 
127 58.75 89.7 2507.6 8.88 
128 66.16 90.8 2484.1 7.72 
129 66.36 138.3 2446.0 11.48 
130 67.68 96.1 2494.6 7.85 
131 70.23 130.1 2473.9 10.09 
132 66.18 147.4 2470.1 12.21 
133 62.56 144.1 2518.4 13.40 
134 72.00 149.0 2492.1 11.23 
135 71.49 175.2 2472.3 13.02 
136 74.91 133.5 2480.6 9.06 
137 78.21 176.4 2413.2 10.65 
138 75.06 127.7 2486.3 8.59 
139 72.84 131.9 2525.7 9.60 
140 73.33 118.8 2544.2 8.55 
141 81.63 95.9 2508.9 5.46 
142 77.95 142.0 2476.5 8.68 
143 73.94 148.7 2521.6 10.31 
144 68.99 151.9 2563.9 12.01 
145 67.24 99.2 2614.1 8.21 
146 69.55 97.3 2617.0 7.72 
147 64.69 119.9 2640.5 10.76 
148 71.17 97.5 2626.2 7.47 
149 73.54 145.0 2558.2 10.02 
150 80.04 107.4 2543.5 6.31 
151 77.13 137.9 2528.9 8.64 
152 70.47 132.4 2598.9 10.09 
153 72.09 120.6 2629.7 9.06 
154 78.21 86.5 2621.4 5.50 
155 79.57 99.9 2598.9 6.09 
156 76.06 133.5 2597.6 8.93 
157 77.65 133.5 2579.1 8.50 
158 75.63 175.0 2568.3 11.63 
159 78.80 137.6 2562.9 8.34 
160 82.00 138.6 2539.4 7.67 
161 77.77 212.1 2535.9 13.02 
162 69.73 170.9 2626.5 13.27 
163 71.67 119.4 2644.6 8.88 
164 73.76 105.8 2658.3 7.56 
165 79.68 93.8 2632.5 5.75 
166 72.72 153.5 2601.4 10.85 
167 71.62 145.3 2627.1 10.72 
168 71.26 110.0 2663.7 8.34 
169 73.63 124.3 2646.5 8.88 
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.01 1. 0. 

.01 1. 0. 

.001 1. 0. 

.001 1. 0. 

.001 1. 0. 

.001 1. 0. 
0.2 1. 0. 
0.2 1. 0. 
.10 1. 0. 
.10 1. 0. 
5.5 0. 30. 
5.5 0. 30. 
50. 3. 0. 
55. 3. 0. 
60. 3. 0. 
65. 3. 0. 
70. 3. 0. 
65. 3. 0. 
60. 3. 0. 
55. 3. 0. 
50. 3. 0. 
50. 3. 0. 
190. 1. 0. 
190. 1. 0. 
.01 1. 0. 
.01 1. 0. 
.001 1. 0. 
.001 1. 0. 
.001 1. 0. 
.001 1. 0. 
0.3 1. 0. 
0.3 1. 0. 
.10 1. 0. 
.10 1. 0. 
6.0 0. 30. 
6.0 0. 30. 

741231 
O TRIB 1 INFLOW RATE - RES #1 
-1 741231 -1. - 1 
0 HAYES INFLOW.. TEMP 

-1.5 740408 -1.5 740422 -5.0 740708 - 
-5. 741231 -1.5 - 1 
O HAYES INFLOW - TDS 

105. 741231 105. - 1 
0 TYPICAL NO3 - N 

.10 741231 .10 - 1 
O TYPICAL PO4 - P 

.03 741231 .03 - 1 
0 TYPICAL PHYTOPLANKTON 

.25 741231 .25 - 1 
O HAYES INFLOW - CBOD 

0.5 41231 0.5 - 1 
0 TYPICAL NH3 - N 

.03 741231 .03 - 1 
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O HAYES INFLOW - DO 
12.8 740115 13.1 740215 12.4 
11.7 740515 9.3 740615 8.9 
7.8 740915 9.7 741015 10.0 
12.4 741231 12.8 - 1 

O TRIB 2 INFLOW RATE - RM 60 
-1 741231 -1. - 1 
O TRIB 2 - RM 60.. TEMP 

-1.5 740408 -1.5 740422 -5.0 
-5. 741231 -1.5 - 1 
O TRIB 2 - RM 60 - TDS 

150. 741231 150. - 1 
O TYPICAL NO3 - N 

.10 741231 .10 - 1 
O TYPICAL PO4 - P 

.03 741231 -03 - 1 
0 TYPICAL PHYTOPLANKTON 

.25 741231 .25 - 1 
O TRIB 2 - RM 60 - CBOD 

0.5 741231 0.5 - 1 
O TYPICAL NH3 - N 

.03 741231 .03 - 1 
0 TRIB 2 - RM 60 - DO 

12.6 740115 12.7 740215 13.0 
11.5 740515 9.1 740615 8.6 
7.7 740915 9.0 741015 9.7 
12.6 741231 12.6 - 1 

O TRIB 3 INFLOW RATE - RM 40 
-1 741231 -1. - 1 
O TRIB 3 - RM 40.. TEMP 

-1.5 740408 -1.5 740422 -5.0 
-5. 741231 -1.5 - 1 
O TRIB 3 - RM 40 - TDS 

150. 741231 150. - 1 
O TYPICAL NO3 - N 

.10 741231 .1O - 1 
O TYPICAL PO4 - P 

.03 741231 .03 - 1 
0 TYPICAL PHYTOPLANKTON 

.25 741231 .25 - 1 
O TRIB 3 - RM 40 - CBOD 

0.5 741231 0.5 - 1 
0 TYPICAL NH3 - N 

.03 741231 .03 - 1 
0 TRIB 3 - RM 40 - DO 

12.6 740115 12.7 740215 13.0 
11.5 740515 9.1 740615 8.6 
7.7 740915 9.0 741015 9.7 
12.6 741231 12.6 - 1 

O TRIB 4 INFLOW RATE - RM 30 
-1 741231 -1. - 1 
OTRIB 4 - RM 30.. TEMP 

-1.5 740408 -1.5 740422 -3.0 
-5. 741231 -1.5 - 1 
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0 TRIB 4 - RM 30 - TDS 
160. 741231 160. - 1 

0 TYPICAL NO3 - N 
.10 741231 .10 - 1 

0 TYPICAL PO4 - P 
.03 741231 .03 - 1 

0 TYPICAL PHYTOPLANKTON 
.25 741231 .25 - 1 

0 TRIB 4 - RM 30 - CBOD 
0.6 741231 0.6 - 1 
0 TYPICAL NH3 - N 

.03 741231 .03 - 1 
0 TRIB 4 - RM 30 - DO 

100. 741231 100. - 1 
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TEST PROBLEM 5 - Tandem Reservoirs with Steady State Option 

The system simulated in this test of' the water quality module consi.sts of' 
the same reservoir and stream configuration as Test Problem 2. The unique input 
to this test problem, includes selecting the steady state option (J9 card, Field 
3), and specifying the time series (IN cards) and reservoir releases (QA cards) 
on a monthly basis (BF card, Fields 2 and 6 = 5's and Field 7 = 720 hours). 

A complete listing of' the input data deck is given below. A complete output 
listing is included with the computer source code distribution. 
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TI TESTING HEC5Q WATER QUALITY SIMULATION CAPABILITY 
T2 TANDEM RIVER SYSTEM . . .  STEADY STATE CONDITIONS 
T3 TEST PROBLEM 5 
J 1 0 5 5 3 4 2 0 0 
.J2 0 0 0 0 0 0 0 
J 9 1 0 
RL 10 1200000 0 100000 200000 1500000 1600000 
RO 3 2 0 30 4 0 
RS 7 100 6300 31300 88000 188000 563000 1688000 
RQ 7 0 20000 30000 40000 50000 50000 50000 
RA 7 10 500 1500 3000 5000 10000 20000 
RE 7 800 82 5 850 870 900 950 1030 
R3 2 2 2 2 9 9 9 9 9 9 9 9 
R3 9 9 9 9 
CP 10 15000 300 200 
IDCP10-HAYES DAM 
RT 10 2 0 2.2 .25 12 0 
CP 20 12000 300 200 
ID CP20 *A RM60 
RT 2 0 30 2.2 .25 12 0 
C P 30 12000 300 200 
ID CP30 ** RM40 
RT 30 40 2.2 .25 12 0 
RL 40 550000 0 2000 550000 952000 1130000 
RO 1 50 
RS 8 2000 20000 52000 113000 209000 320000 550000 800000 1130000 
RQ 8 0 5680 5680 5680 5680 5680 29180 59680 104980 
RA 8 150 2100 4500 7600 11800 17000 22400 28600 37200 
RE 8 892 9 10 920 930 940 950 962.5 970 980 
R3 2 2 2 2 9 9 9 9 9 9 9 9 9 9 9 9 
R3 9 9 9 9 
CP 40 10000 300 200 
IDCP40-DAVIS DAM 
RT 40 50 2.2 .25 12 0 
CP 50 50000 300 2 00 
IDCP50 *;? RM24.2 
RT 5 0 0 0 0 0 0 
ED 
BF 0 5 0 074050100 5 720 
NOLI S T 
IN 10 1MAY74 2524 2426 2099 759 3154 
IN 20 1MAY74 913 716 642 170 1203 
IN 30 1MAY74 913 716 642 167 1203 
IN 50 1MAY74 4641 1361 2134 726 2991 
QA 10 1MAY74 2380 2347 2128 673 2898 
EJ 
TI FICTICIOUS TANDEM RIVER BASIN TEST OF HEC-5Q WITH WATER QUALITY 
TI RESERVOIRS ARE FICTICIOUS ALSO A* C.P. OF 10, 20, 30, 40 AND 50 
TI CONSTITUENTS ARE TEMPERATURE, TDS, CARBONACEOUS BOD AND OXYGEN 
J A 740501 740828 5 2 F 0 
EZ - 1 
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ET 229 79.77 152.6 
ET 230 87.04 73.6 
ET 231 86.54 73.1 
ET 232 90.10 67.8 
ET 233 85.53 89.0 
ET 234 85.12 89.0 
ET 235 84.78 95.2 
ET 236 82.42 110.2 
ET 237 87.62 71.2 
ET 238 86.02 88.3 
ET 239 80.53 159.8 
ET 240 79.48 145.3 
ET 241 79.11 149.2 
ET 242 80.02 122.7 
ET -243 77.29 150.1 
QC 1 0 0 
TQTOTAL DISSOLVED SOLIDS IN MG/L, 
TQCARBONACEOUS BOD IN MG/L 
TQDISSOLVED OXYGEN IN MG/L 
L1 1 1 
L2 10 5 10 
LR 1 10000 
L3 .01 1. -6 1. -4 
L5 50 50000 825 
L7 10 2000 820 860 
L7 10 2000 840 880 
L8 200 400 800 
PL 0.25 100 -4.00 
PL 0.05 100 -0.20 
PL 0.20 100 -8.00 
PL 0.25 100 3.2 -0.70 
L9 40 4 1 42 
C1 105. 105. 105. 
C5 0.5 0.5 0.5 
C7 9.1 9.1 9.1 
S A 100 100 100 
DK 0.1 
L2 4 0 2 60000 5 
LR 
L3 .O1 1. -6 1. -4 
L5 1 10 895.5 
L6 870 99300 962.5 
L7 7.9 2840 895.5 909.5 
L7 7.9 2840 902.5 916.5 
L8 410 460 500 
PL 0.25 100 -4.00 
PL 0.05 100 -0.20 
PL 0.20 100 -8.00 
PL 0.25 100 3.2 -0.70 
L9 54 5 5 5 7 
C1 160 190 190 
C 5 .3 .3 .3 
C7 8.4 8.7 9.2 
S A 100 100 100 

2150.0 8.77 
2159.9 3.42 
2158.0 3.47 
2142.1 2.93 
2121.1 4.38 
2106.5 4.43 
2088.7 4.77 
2072.5 5.88 
2069.9 3.22 
2042.6 4.21 
2012.4 8.88 
2004.1 8.19 
1979.7 8.48 
1985.4 6.89 
1973.6 9.06 

0 1 
COMPUTED AS 0.62 

0 1 
X CONDUCTIVITY 
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45 .  3. 0 .  
45.  3 .  0 .  

170 .  1. 0 .  
170.  1. 0 .  

0 .2  1. 0 .  
0 . 2  1. 0 .  
5 .5  0 .  30. 
5 . 5  0 .  30. 
50. 3. 0 .  
55. 3 .  0 .  
60 .  3 .  0 .  
65. 3 .  0 .  
70 .  3 .  0 .  
65. 3 .  0 .  
60. 3. 0 .  
55 .  3 .  0 .  
50. 3 .  0 .  
50 .  3 .  0 .  

190.  1. 0 .  
190.  1. 0 .  

0 . 3  1. 0 .  
0 .3  1. 0 .  
6 . 0  0 .  30.  
6 . 0  0 .  30. 

741231 
0 TRIB 1 INFLOW RATE - RES #1 

-1 741231 -1. - 1 
0 HAYES INFLOW 

- 1 . 5  740408 -1 .5  740422 - 5 . 0  740708 
-5 .  741231 -1 .5  - 1 

O HAYES INFLOW - TOTAL DISSOLVED SOLIDS 
105 .  741231 105.  - 1 

0 HAYES INFLOW - CARBONACEOUS BOD 
0 . 5  741231 0 .5  - 1 

0 HAYES INFLOW - DISSOLVED OXYGEN 
12 .8  740115 1 3 . 1  740215 1 2 . 4  740315 
1 1 . 7  740515 9 . 3  740615 8 .9  740715 

7 .8  740915 9.7 741015 1 0 . 0  741115 
1 2 . 4  741231 12 .8  - 1 

0 TRIB 2 INFLOW RATE - RM 60 
-1 741231 -1. - 1 
0 TRIB 2 - RM 60 

-1 .5  740408 - 1 . 5  740422 - 5 . 0  740708 
- 5 .  741231 -1 .5  - 1 

0 TRIB 2 - RM 60 - TDS 
1 5 0 .  741231 150.  - 1 

O TRIB 2 - RM 60 - CBOD 
0 .5  741231 0 . 5  - 1 

O TRIB 2 - RM 60 - DO 
12 .6  740115 12 .7  740215 1 3 . 0  740315 
1 1 . 5  740515 9 . 1  740615 8 . 6  740715 

7 .7  740915 9 . 0  741015 9 . 7  741115 
12 .6  741231 12 .6  - 1 

O TRIB 3 INFLOW RATE - RM 4 0  
-1 741231 -1. - 1 
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EXHIBIT 1 

0 TRIB 3 - RM 4 0  
- 1 . 5  740408 -1 .5  740422 - 5 . 0  740708 

-5 .  741231 -1 .5  - 1 
O TRIB 3 - RM 40 - TDS 

150.  741231 150.  - 1 
O TRIB 3 - RM 4 0  - CBOD 

0 . 5  741231 0 .5  - 1 
O TRIB 3 - RM 4 0  - DO 

12 .6  740115 12 .7  740215 13 .0  740315 1 2 . 6  
1 1 . 5  740515 9 . 1  740615 8 . 6  740715 7 . 7  

7.7 740915 9 . 0  741015 9 . 7  741115 11.1 
1 2 . 6  741231 12 .6  - 1 

O TRIB 4 INFLOW RATE - RM 30 
-1 741231 -1. - 1 
OTRIB 4 - RM 30 

-1 .5  740408 -1 .5  740422 - 3 . 0  740708 - 6 .  
- 5 .  741231 -1 .5  - 1 

O TRIB 4 - RM 30  - TOTAL DISSOLVED SOLIDS 
160.  741231 160.  - 1 

O TRIB 4 - RM 30 - CARBONACEOUS BOD 
0 .6  741231 0 . 6  - 1 

O TRIB 4 - RM 30  - DISSOLVED OXYGEN 
100 .  741231 100.  - 1 
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TEST PROBLEM 6 - Tandem Reservoirs with Steady State Option and Flow 
Augmentation 

The system simulated in this test of the water quality module consists of 
the same reservoir and stream configuration as Test Problem 2. The unique input 
to this test problem, includes selecting the steady state and flow augmentation 
options ( J 9  card, Fields 2 and 3) and specifying the same input changes as Test 
Problem 5. 

A complete listing of' the input data deck is given below. A complete output 
listing is included with the computer source code distribution. 
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T1 TESTINGHEC5QWATERQUALITY SIMULATION CAPABILITY 
T2 TANDEM RIVER SYSTEM . . .  STEADY STATE CONDITIONS . . .  FLOW AUGMENTATION OPTION 
T3 TEST PROBLEM 6 
3 1 0 5 5 3 4 2 0 0 
52 0 0 0 0 0 0 0 
J 9 1 1 0 
RL 10 1200000 0 100000 200000 1500000 1600000 
RO 3 2 0 30 40 
RS 7 100 6300 31300 88000 188000 563000 1688000 
RQ 7 0 20000 30000 40000 50000 50000 50000 
RA 7 10 500 1500 3000 5000 10000 20000 
RE 7 800 82 5 850 870 900 950 1030 
R3 2 2 2 2 9 9 9 9 9 9 9 9 
R3 9 9 9 9 
CP 10 15000 300 200 
IDCPlO-HAYES DAM 
RT 10 2 0 2.2 .25 12 0 
C P 20 12000 300 200 
ID CP20 ** RM60 
RT 2 0 30 2.2 .25 12 0 
C P 30 12000 300 200 
ID CP30 A* RM40 
RT 3 0 40 2.2 .25 12 0 
RL 40 550000 0 2000 550000 952000 1130000 
RO 1 50 
RS 8 2000 20000 52000 113000 209000 320000 550000 800000 1130000 
RQ 8 0 5680 5680 5680 5680 5680 29180 59680 104980 
RA 8 150 2100 4500 7600 11800 17000 22400 28600 37200 
RE 8 892 910 920 930 940 950 962.5 970 980 
R 3 2 2 2 2 9 9 9 9 9 9 9 9 9 9 9 9 
R3 9 9 9 9 
CP 40 10000 300 200 
IDCP40-DAVIS DAM 
RT 40 5 0 2.2 .25 12 0 
C P 50 50000 300 200 
IDCP50 ** RM24.2 
RT 50 0 0 0 0 0 
ED 
B F 0 5 0 074050100 5 720 
NOLIST 
IN 10 1MAY74 2524 2426 2099 759 3154 
IN 20 1MAY74 9 13 716 642 170 1203 
IN 30 1MAY74 913 716 642 167 1203 
IN 50 1MAY74 4641 1361 2134 726 2991 
QA 10 lMAY74 2380 2347 2128 673 2898 
EJ 
TI FICTICIOUS TANDEM RIVER BASIN TEST OF HEC-5Q WITH WATER QUALITY 
TI RESERVOIRS ARE FICTICIOUS ALSO ** C.P. OF 10, 20, 30, 40 AND 50 
TI CONSTITUENTS ARE TEMPERATURE, TDS, CARBONACEOUS BOD AND OXYGEN 
J A 740501 740828 5 2 F 0 
EZ - 1 
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ET 229 7 9 . 7 7  1 5 2 . 6  
ET 230 8 7 . 0 4  7 3 . 6  
ET 231  8 6 . 5 4  7 3 . 1  
ET 232 9 0 . 1 0  6 7 . 8  
ET 233 8 5 . 5 3  8 9 . 0  
ET 234  85 .12  8 9 . 0  
ET 235 84 .78  9 5 . 2  
ET 236 82 .42  1 1 0 . 2  
ET 237 8 7 . 6 2  7 1 . 2  
ET 238 86 .02  8 8 . 3  
ET 239 8 0 . 5 3  1 5 9 . 8  
ET 240 7 9 . 4 8  1 4 5 . 3  
ET 241  7 9 . 1 1  1 4 9 . 2  
ET 242 80 .02  1 2 2 . 7  
ET -243  7 7 . 2 9  1 5 0 . 1  
QC 1 0  0  
TQTOTAL DISSOLVED SOLIDS IN MG/L, 
TQCARBONACEOUS BOD IN MG/L 

2150 .0  8 . 7 7  
2 1 5 9 . 9  3 .42  
2158 .0  3 .47  
2 1 4 2 . 1  2 . 9 3  
2 1 2 1 . 1  4 . 3 8  
2106 .5  4 . 4 3  
2088 .7  4 . 7 7  
2072 .5  5 . 8 8  
2069.9  3 .22  
2042 .6  4 . 2 1  
2 0 1 2 . 4  8 . 8 8  
2 0 0 4 . 1  8 . 1 9  
1 9 7 9 . 7  8 . 4 8  
1 9 8 5 . 4  6 . 8 9  
1 9 7 3 . 6  9 . 0 6  

0  1 0  1 
COMPUTED AS 0 . 6 2  X CONDUCTIVITY 
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45. 3 .  0 .  
45. 3. 0.  

170. 1. 0 .  
170. 1. 0 .  

0 .2  1. 0. 
0 .2  1. 0 .  
5 .5  0 .  30. 
5 . 5  0 .  30. 
50. 3.  0 .  
55. 3 .  0 .  
60. 3 .  0 .  
65. 3 .  0 .  
70. 3.  0 .  
65. 3 .  0 .  
60. 3 .  0 .  
55. 3 .  0 .  
50. 3. 0 .  
50. 3 .  0 .  

190. 1. 0 .  
190. 1. 0 .  

0 . 3  1. 0 .  
0 . 3  1. 0 .  
6 .0 0 .  30. 
6 .0 0. 30. 

741231 
O TRIB 1 INFLOW RATE - RES #I 

-1 741231 -1. - 1 
0 HAYES INFLOW 

- 1 . 5  740408 -1 .5  740422 - 5 . 0  740708 -8 .  
-5 .  741231 -1 .5  - 1 

0 HAYES INFLOW - TOTAL DISSOLVED SOLIDS 
105. 741231 105. - 1 

0 HAYES INFLOW - CARBONACEOUS BOD 
0 .5  741231 0 . 5  - 1 

0 HAYES INFLOW - DISSOLVED OXYGEN 
12.8 740115 1 3 . 1  740215 12 .4  740315 11.8 
11.7 740515 9 . 3  740615 8 . 9  740715 8 . 2  

7 .8  740915 9 .7  741015 10 .0  741115 11 .0  
12 .4  741231 12.8 - 1 

O TRIB 2 INFLOW RATE - RM 60 
-1 741231 -1. - 1 
0 TRIB 2 - RM 60 

-1 .5  740408 -1 .5  740422 -5 .0  740708 -8 .  
-5 .  741231 -1 .5  - 1 

0 TRIB 2 - RM 60 - TDS 
150. 741231 150. - 1 

O TRIB 2 - RM 60 - CBOD 
0 . 5  741231 0 .5  - 1 

0 TRIB 2 - RM 60 - DO 
12.6  740115 12 .7  740215 13.0 740315 12.6 
1 1 . 5  740515 9 . 1  740615 8 . 6  740715 7.7 

7.7 740915 9.0 741015 9 . 7  741115 11.1 
12.6  741231 12.6 - 1 

0 TRIB 3 INFLOW RATE - RM 40 
-1 741231 -1. - 1 
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0 TRIB 3 - RM 40 
-1 .5  740408 -1 .5  740422 - 5 . 0  740708 - 8 .  

- 5 .  741231 - 1 . 5  - 1 
0 TRIB 3 - RM 40 - TDS 

150.  741231 150.  - 1 
O TRIB 3 - RM 4 0  - CBOD 

0 .5  741231 0 . 5  - 1 
0 TRIB 3 - RM 4 0  - DO 

1 2 . 6  740115 12 .7  740215 1 3 . 0  740315 12 .6  
11 .5  740515 9 . 1  740615 8 .6  740715 7 .7  

7 .7  740915 9 . 0  741015 9 .7  741115 11.1 
1 2 . 6  741231 12 .6  - 1 

O TRIB 4 INFLOW RATE - RM 30 
-1 741231 -1. - 1 
OTRIB 4 - RM 30 

-1 .5  740408 - 1 . 5  740422 - 3 . 0  740708 - 6 .  
- 5 .  741231 - 1 . 5  - 1 

O TRIB 4 - RM 30 - TOTAL DISSOLVED SOLIDS 
160.  741231 160.  - 1 

0 TRIB 4 - RM 30 - CARBONACEOUS BOD 
0 . 6  741231 0 . 6  - 1 

O TRIB 4 - RM 30 - DISSOLVED OXYGEN 
100 .  741231 100.  - 1 
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EXHIBIT 2 

DESCRIPTION OF PROGRAM INPUT 

This exhibit contains a detailed description of' each variable on each input 
record. The summary of' input at the end of this exhibit shows the sequential 
arrangement of records and also serves as a "table of contents" by showing, in 
Field 10, the page numbers where the variables are described in this exhibit. 

Variable locations for each input record are shown by field number. The 
records are normally divided into ten fields of eight columns each except Field 
1. Variables occurring in Field 1 may normally only occupy columns 3-8 since 
columns 1 and 2 are reserved for the required identification characters. The 
different values a variable may assume and the conditions for each are 
described for each variable. Some variables simply indicate whether a program 
option is to be used or not: by using numbers such as -1, 0, 1. Other variables 
contain numbers which express the variable magnitude. For these a + sign is 
shown in the description under "value" and the numerical val.ue of' the variable 
is entered as input. Where the variable value is to be zero, the variable may 
be left blank since a blank field is read as zero. 

If decimal points are not provided in the data, all numbers must be right 
justified in the field. Any number without a sign is considered positive. 

Locations of' variables on records are sometimes referred to by an 
abbreviated designation, such as JA.4 representing the fourth field of the JA 
record. 
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1. HEC-5 INSERT 

1.1 J 9  RECORD 

This record is inserted into the Water Quantity Simulation input f'i1.e and 
is used to indicate that a water quality simulation is to be performed. If' the 
J9 record is absent, no water qua1i.t~ simulation will be performed. 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2 1 FLOAG 0 No flow alteration computations will performed. 

+ Flow alteration computations will be performed 

3 I S TEADY 0 Annual simulation mode (daily analysis) will be 
used. 

+ Long term simulation mode (monthly analysis) will 
be used. 

4 ICALIB 0 Calibration mode is not to be used. 

+ Calibration mode is to be used. 

NOTE: The longer term si.mulation mode and the flow alteration options are 
disabled when the calibration mode is being used 
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2. TITLE INFORMATION 

2.1 TI RECORD 

Three job title records required. Both alphabetic and numeric information 
may be used. This information will be printed as job titles on the first page 
of the water quality analysis output. 

NOTE: The Water Quality Simulation input records follow the EJ record of' the 
Water Quantity Simulation input file. The ,J9 record is inserted into the Water 
Quantity Simulation input file between the J8/JZ and the RL records. 
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3. 308 CONTROL INFORMATION 

3.1 JA RECORD 

Required job control 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2 %DAY 9 Fi r s t  day of water qual i ty  simulation; year, 
month and day (e.g., 740501). The f i r s t  day 
of simulation must be on or  a f t e r  the  f i r s t  
day of flow simulation (FLDAT, J3.3 or  BF.5). 

3 LDAY 

4 NCP* 

5 NRES* 

6 I C 

8 IHRC 

9 IHRG 

10 NTS 

9 Last day of water qual i ty  simulation; year, 
month and day. 

9 Number of stream control points t o  be used 
in  the water quality simulation. 

9 Number of reservoirs used i n  the  qua1 i t y  
simul ation. 

F Input and output water temperatures a re  in 
degrees Fahrenheit. 

C Input and output water temperatures a re  in 
degrees Celsius. 

0 Do not pr int  data transferred between Water 
Quantity and Water Qua1 i t y  Simul a t i  on modules 

1 Print  data transferred between Water Quantity 
and Water Quality Simulation modules via the 
f i l e  interface.  

+ Time interval in hours f o r  water qual i ty  
objectives and weights data (CT Record). 

0 No variation i n  water qual i ty  objectives and 
weights during any day. 

+ Time interval in hours f o r  gate operation 
data (62 Record). 

0 No variation i n  gate operation during any 
day. 

+ Maximum number of time s teps increments 
during any day. 
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O 24 hour q u a l i t y  t ime step w i l l  be used dur ing 
t he  s imulat ion.  O m i t  JB cards. 

* The number o f  con t ro l  po in t s  and rese rvo i r s  used i n  the qua1 i t y  
s imula t ion may be less than t h e  number used i n  the  f l ow  s imula t ion 
module; however, the system def ined by the water q u a l i t y  data must 
represent a  po r t i on  o f  the  l a r g e r  system beginning a t  the upstream 
l i m i t s *  The number o f  r ese rvo i r s  must inc lude any dummy reservo i rs .  
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3-2  JB RECORD 

Optional quality time step control. Required i f  NTS (JA.10) i s  greater 
than zero, A maximum of 12 periods may be defined. 

FIELD VARIABLE VALUE DESCRIPTION 

1 Mot used, 

2 IT1 + Date (year, month and day) t h r o u g h  which t h e  

time s tep increments apply. 

- Negati ve date i ndi  cates f inal  JB card. 

3 ITSI (1) + Time s tep  increment1 in hours fo r  f i r s t  
quality time step d u r i n g  the day. 

4 ITS I (2) + Time s tep  increment1 i n  hours f o r  second 
quality time step during the day. 

Time step increments may vary throughout the day, however, they must 
be compatible w i t h  the time s tep  w i t h i n  the quantity simulation. 
For example, if the quantity simulation time steps are 6 hours, 
quality time steps of 6, 6, 6 and 6; 12 and 12; and 6, 12 and 6 
would a l l  be acceptable. Qual i ty  time steps of 8, 8 and 8 would not 
be acceptable. The sum of a l l  values o f  ITSI fo r  each day m u s t  
equal 24 hours. 

NTS (JA.lO) values are required fo r  each period (including zeros i f  
fewer than NTS times steps are required for  a particular period). 
If NTS is  reater  than 8, a continuation of the JB card i s  required 
with ITsI(97 being defined in f i e l d  3. 
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-- 
- 4. WATER SURFACE HEAT EXCHANGE DATA 

4.1 E Z  RECORD 

Required meteorological zone def i ni t i  on. One record must precede each 
s e t  of ET records. Up t o  5 zones may be specified. 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2 METZON 9 Meteorological zone number. 

- Meteor01 ogi cal zone number. Negati ve val ue 
indicates f ina l  data set .  

3 MINT i- Meteor01 ogi cal data interval i n  hours. 

0 No variat ion i n  meteorological data during 
the day. 
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4.2 ET RECORD* 

Requi red weather data, One s e t  of ET records representing 
meteor01 ogi cal conditions is  required f o r  each day of simul a t i  on. The 
number of ET records required per day i s  controlled by MINT (EZ.3) 
(e.g., number of records/day = 24/MINT). 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2 ITIME -I- Julian date. The f i r s t  observation must be 
on or before the f i r s t  day of simulation 
(JA.2). 

- Jul ian date; however, the negative time 
denotes the f ina l  ET record. The f i n a l  
observation m u s t  be on or a f t e r  the l a s t  day 
of simul ation (JA.3). 

3 XTE + Equilibrium temperature in degrees Fahrenheit 
corresponding t o  ITIME (ET.2). 

4 XKE + Coeff i c i  ent of surf ace heat exchange i n 
BTU/sq.ft ./day/ O F ,  corresponding t o  ITIME 
(ET.2). 

5 XQNS + Short wave solar  radiation i n  BTU/sq.ft./day, 
corresponding t o  ITIME (ET.2). 

6 XW IND + Wind speed i n  mph, corresponding t o  ITIME 
(ET.2). 

* The ET records fo r  da i ly  data can be ea s i l y  prepared u s i n g  the  HEC program 
WEATHER (HEC, 1986) and HEATX (Corps, 1974), which a r e  described i n  EXHIBIT 
5 and 6, respect ively .  For diurnal data ,  an undocumented HEC u t i l i t y  
program can be obtained by request .  
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5. CONSTITUENT IDENTIFICATION DATA 

5.1 QC RECORD 

Required for constituent identification if more than temperature is being 
simulated. 

FIELD VARIABLE VALUE DESCRIPTION 

1 ID Qc Only if "QC" is inserted in the first two columns 
will a water quality simulation for constituents other 
than temperature occur. 

2 - 8 CONID 1 If CONID=l, the indicated constituent will be 
or simulated. There are seven possible constituents. 

0 Fields 2-4 are reserved for conservative constituents; 
Fields 5-7 are reserved for nonconservative 
constituents. The eighth field is reserved for 
dissolved oxygen. If dissolved oxygen is simulated, 
it is assumed that the second nonconservat ive 
constituent is carbonaceous BOD (or other oxygen 
consuming material) and the third nonconservative 
constituent is nitrogenous BOD (or other oxygen 
consuming material). If the third nonconservative 
constituent is not used for an oxygen consuming 
material, the CONID value (Field 7) must be zero. It 
can not be used for a non-oxygen consuming material. 

I PHTYO 1 The phytoplankton option will be used. Under this 
option the following constituents are simulated. 

1. Total dissolved solids 
2. Nitrate as nitrogen 
3. Phosphate as phosphorus 
4. Phytoplankton 
5. Carbonaceous BOD 
6. Ammonia as nitrogen 
7. Dissolved oxygen 

0 The number of constituents simulated is defined by 
CONID above. 

5.2 TQ RECORD 

Required constituent identification. Up to seven records, each describing a 
water quality constituent that is being simulated. 

FIELD VARIABLE VALUE DESCRIPTION 

1-10 CONTTL Alphanumeric title for each constituent that is 
simulated. One record is inserted for each constituent 
for which CONID (QC record) equals 1. No TQ record 
should be inserted for temperature. If the 
phytoplankton option is selected, these records must 
be omitted. 
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6. RESERVOIR DATA 

6.1. L1 RECORD 

Required printout control. 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2 I PRT + Printout interval. Reservoir simulation results 
will be printed on those days when the Julian date 
(Exhibit 3) is a multiple of IPRT. 

3 IVAL -I- Printout interval. Reservoir simulation results 
will be pri.nted for the IVALth space step. If 
IVAL=2, results for every other reservoir layer 
will be printed 
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L2 RECORD 

Required miscellaneous physical constants 

FIELD VARIABLE VALUE DESCRIPTION 

1 IRCP i- Control point ID of the reservoir. 

2 SDZ + Thickness of vertical layer in feet or meters. The 
thickness of the elements is normally about 1 
meter; however, thickness less than 1 meter may be 
required to achieve the correct representation of 
stratification. In some instances, elements as 
thick as 3 meters may be used if the reservoir is 
deep and a re1ativel.y rough simulation is 
acceptable. The number of elements is also 
determined by the element thickness. The number of 
elements equals the maximum reservoir depth divided 
by SDZ. A maximum of 50 elements is allowed. The 
computer time requirement for the reservoir 
simulation is approximately inversely proportional 
to the element thickness (i.e., proportional to the 
number of elements). 

3 RLEN ( 6 ) .+ Effective length of reservoir in feet or meters for 
a tandem reservoir only. This value is divided 
into the element surface area to obtain the width 
for use in the allocation of inflow to the 
individual elements. This width is used to 
allocate inflow from the upstream reach for tandem 
reservoirs only. Width for other reservoir inflows 
is defined on the followinn LR record. A 
discussion of how this width is used to allocate 
inflow waters is provided in Paragraph 2.2.2. 

The inflow will be allocated uniformly to all 
elements down to the level of like density within 
the lake. 

4 EDMAX 

5 XQPCT 

+ Mean Secchi disk reading in feet or meters during 
the period when the reservoir is stratified. The 
Secchi. disk depth is the measure of' light 
transparency. It effects the distribution of light 
energy with depth and influences the location of 
the thermocline. 

+ Fraction of the solar radiation absorbed in the top 
XQDEP (L2.6) depth. Usually XQPCT = .265 (.087 - 
.73 In ED%eters ) + .614. 
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6.' L2 RECORD (continued) 

FIELD VARIABLE VALUE DESCRIPTION 

6 XQDEP + Depth in which XQPCT (L2.5) of the solar radiation 
is absorbed in feet or meters (usually .6 m or 
1.9686 f't) . 

7 METL + Meteorological zone number. Must be one of' the 
values of METZON (EZ.2). 

NOTE : Records L2 through DK should be repeated successively in contiguous 
groups for each reservoir in the system being simulated by the water qua1i.t~ 
simulation module. A reservoir is required above each upstream reach. An 
upstream reservoir, however, may be a dummy which only identifies the control 
point and tributary identification number (e.g., only L2 and LR required). 
When a 5 5  record is inserted in the Water Quantity Simulation input file, the 
standard reservoir qual.ity data need not be altered. All unnecessary data will 
be skipped. 
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6.3 LR RECORD 

Required tri bu,tary identification and effective reservoir length. 
Zero through five tributary inflows and return flow increments are 
allowed at each reservoir in addition to the inflow from the upstream 
section for tandem reservoirs (L2.3). The same tributary identification 
may be used for more than one reservoir or stream location, This allows 
the user to input the same flow fraction and quality to any number of 
reservoirs or stream location. Up to 50 inflow types may be assigned, 
including inflow to tandem reservoirs from upstream reaches. Each tan- 
dem reservoir and each return flow reduces the number of allowable 
tributary identifications by one (e.g., four tandem reservoirs and two 
return flows would make the maximum allowable value of NRREF=44. The 
reduction due to return flow is in addition to the return flow incre- 
ments specified by a negative tributary identification). 

FIELD VARIABLE VALUE DESCRIPTION 

1 NRREF(1, I) + Tributary identification number. This 
number relates the tributary to the in- 
flow quality data (records I2 through 
14) (e.g., NRREF=2 would indicate the 
second inflow data set would apply to 
this tributary). 

- Tributary identification number for 
return flow to the reservoir. The tem- 
perature and quality entered on the I3 
or I4 records will be treated as an 
increment to the ambient quality, com- 
puted at the end of the previous time 
step at the point of withdrawal (DRTFR, 
DR.l). A negative value must be 
entered if the reservoir is speci'fied 
in field 2 on any DR card. If a dummy 
reservoir heads a reach (i.e., reser- 
voir removed by a 55 record), the nega- 
tive tributary identification must 
appear in field 3. Field 1 is reserved 
for a normal tributary which will be 
ignored if the local flow is zero. 

2 RLEN(1,l) + Effective reservoir length in feet or 
meters at the inflow location (see 
L2.3). 

3,5,7,9 NRREF(2-5, I) +, - Tributary identification numbers ,for 
remaining tributaries and returns. 

4,6,8,10 NRLEN(I,2-5) + Effective reservoir lengths for remain- 
ing tributaries and returns. 



6 . 4  L3 RECORD 

Effective diffusion, stability method only; one L3 record or one L4 record, 
but not both, is required. A discussion of theory and typical data values are 
provided in Paragraph 2.2.4. 

FIELD VARIABLE VALUE DESCRIPTION 

Not used. 

GMIN 

GSWH 

A l  

Water column minimum stability in kg/cu.m./water. 
The water column minimum stability is the density 
gradient below which mixing of the water column 
will occur. The value is usually between 0 and 
0.01 kg/m2/meter. Larger positive values 
will cause the thermocline to form more quickly 
and delay destratification. 

Water column critical stability in kg/cu.m./meter. 

Di.ffusion coefficient when the water column 
stability is less than GSWH (L3.3) in 
sq.m./second. 

Not used. 

Empirical constant for computing diffusion 
coefficients based on density gradients. 
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6.5 24 RECORD 

Effective diffusion, wind method only; one L 3  or one L4 record, but not 
both, is required. A discussion of theory and typical data values are provided 
in Paragraph 2 . 2 , .  4. 

FIELD VARIABLE VALUE DESCRIPTION 

1. Not used. 

GMIN 

3 GSWH 

Water column minimum stability in kg/cu.m./meter. 
The water column minimum stability is the density 
gradient below which mixing of the water column 
will occur. The value is usually between zero and 
0.01 kg/rn2/meter. Larger positive values 
will cause the thermocline to form more quickly 
and delay destratification. 

Minimum allowable diffusion coefficient in 
sq.m./second. 

Empirical constant for computing diffusion 
coefficients based on wind speed. 

Empirical constant for computing diffusion 
coefficients based on wind speed. 

Maximum allowable diffusion coefficient, in 
sq.m./second. 

6.6 L5 RECORD 

Flood control outlet characteristics; optional record but at least one L5, 
L6 or L7 record is required. 

FIELD VARIABLE VALUE DESCRIPTION 

1 WOUT + Virtual width of the flood control outlet in feet 
or meters. The virtual width is the actual outlet 
area divided by the depth of a vertical layer, SDZ 
( L 2 . 2 ) .  

Q sIVIAX t. Maximum all.owable flow rate through the flood 
control outlet in cfs or m3/sec. 

ELDP t. Center-line elevation of the flood control outlet 
in feet or meters. The lowest elevation specified 
on the L5, L6 and L7 records must be greater than 
the minimum elevation of the reservoir elevation 
table (RE. 2 ) .  
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6.7 L6 RECORD 

Uncontrolled spillway characteri.stics; optional record but at least one L5, 
L6 or L7 record is required. 

FIELD VARIABLE VALUE -- DESCRIPTION 

1 WOUT + Virtual width of the uncontrolled spillway in feet 
or meters. The virtual width is the actual outlet 
area divided by the depth of a vertical layer, SDZ 
(L2.2) . 

QsMAX + Maximum allowable flow rate over the uncontrolled 
spillway in cf's or m3/sec. 

ELSP + Center-line elevation of the uncontrolled spillway 
in feet or meters. The lowest elevation specified 
on the L5, L6 and L7 records must be greater than 
the minimum elevation of the reservoir elevation 
table (RE. 2) . 

6.8 L7 RECORD 

Wet well characteristics (a maximum of' two wet wells is allowed). Optional 
record but at least one L5, L6 or L7 record is required. 

FIELD VARIABLE VALUE DESCRIPTION 

1 WOUT + Virtual width of each wet well port in feet or 
meters. The virtual width is the actual outlet 
area divided by the depth of a vertical layer, SDZ 
(L2.2). All ports withinasinglewetwellare 
assumed to have the same virtual width. 

2 Q= 

3-10 ELWW 

+ Maximum discharge through the wet well structure 
with one port open in cf's or m3/sec. 

+ Center-line elevations of the wet well ports in 
feet or meters beginning with the lowest port and 
progressing to the highest. The lowest elevation 
specified on the L5, L6 and L7 cards must be 
greater than the minimum elevation of the 
reservoir elevation table (RE.2). 
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6.9 L8 RECORD 

Required reservoir widths. 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2 - 10 WIDE + Effective reservoir withdrawal width at elevations EL 
(RE. 2 - RE. 10) in feet or meters (normally the dam 
width at elevation EL). NK (RE.l) values. 

Use a second L8 record if more than 9 widths are 
required. 

6.10 PL RECORD 

Required outlet constituent suboptimization objective function parameters. 

One PL record is required for temperature and additional water quality 
constituent being simulated. 

PL records must appear in the order specified on the QC record. 

FIELD VARIABLE VALUE DESCRIPTION 

1 WEIT 0 The parameter will not be considered in the outlet 
quality optimization. 

+ Relative weight between parameters for outlet 
regulation optimization. 

2 - 7 PLYNML + or - a through f values for outlet constituent 
suboptimization objective function parameters. A 
discussion of the parameters for the outlet 
constituent suboptimization is provided in Paragraph 
2.6.3. 

6.11 L9 RECORD* 

Required initial reservoir temperature profile. 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2-10 TEMl + Initial reservoir temperature at elevations EL (RE.2 
- RE.lO) in degrees Fahrenheit or Celsius. NK (RE.l) 
values. 

Use a second L9 record if more than 9 values are 
required. 
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6.12 C1 RECORD* 

Ini.tia1, reservoir conservative constituent #1 profile; required record if 
CONID(1) = 1 (QC..2) or required TDS profile if IPHYTO = 1 (QC.9). 

FIELD VARIABLE VALUE -- DESCRIPTION 

1 Not used. 

2-10 CONS(1,J) + Initial concentrations for conservative 
constituent #1 or TDS, in appropriate units, at 
elevations EL (RE.2 - RE.lO). NK (RE.l) values. 

Use a second C1 record if' more than 9 values are 
required. 

6.13 C2 RECORD* 

Initial reservoir conservative constituent #2 profile; required record i.f' 
CONID(2) = 1 (QC.3) or required nitrate-nitrogen profile if' IPHYTO = 1 (QC.9). 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2-10 CONS(2 ,J) + Initial concentrations for conservative 
constituent #2 or nitrate-nitrogen, in appropriate 
units, at elevation EL (RE.2 - RE.lO). NK (RE.l) 
values. 

Use a second C2 record if more than 9 values are 
required. 

6.14 C3 RECORD* 

Initial reservoir conservative constituent #3 profile; required record if 
CONID(3) = I (QC.4) or required phosphate-phosphorus profile if IPHYTO = 1 
(QC 9) . 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2-10 CONS(3, J) + Initial concentrations for conservative 
constituent #3 or phosphate-phosphorus, in 
appropriate units, at elevations EL (RE.2 - 
RE.lO). NK (RE.l) values. 

Use a second C3 record if more than 9 values are 
required. 

*The initial constituent concentration for the top elevation EL must be for a 
level such that the difference between the top EL and the bottom EL is evenly 
divisi.ble by SDZ (L2.2) . 
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1ni.tial reservoir nonconservative constituent #1, profile; required record 
if CONID(4) = 1 (QC.5) or required phytoplankton profi.le if IPHYTO = 1 (QC.9). 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2-10 CONNON(J) + Initial concentrations for nonconservative 
constituent #1 or phytoplankton, in appropriate 
units, at elevations (RE.2 - RE.lO). NK (RE.l) 
values. 

Use a second C4 record if more than 9 values are 
required. 

Ini.ti.al, reservoir nonconservative constituent #2 profi1.e; required record 
i.f CONID(5) = 1 (QC.6) or required carbonaceous BOD profile if IPHYTO = 1 
(QC.9). 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2-10 CBOD(J) + Initial concentrations for nonconservative 
constituent #2 or carbonaceous BOD, in appropriate 
units, at elevations EL (RE.2 - RE.lO). NK (RE.l.) 
values. 

Use a second C5 record if more than 9 values are 
required. 

Initial reservoir nonconservative constituent #3 profile; required record 
if' CONID(6) = 1 (QC.7) or required ammonia-nitrogen profile if IPHYTO = 1 
(QC.9). 

FIELD VARIABLE VALUE DESCRIPTIB 

1 Not used. 

2-10 BODN(J) + Initial concentrations for nonconservative 
constituent #3 or ammonia-nitrogen, in appropriate 
units, at elevations EL(RE.2 - RE.lO). NK (RE.l) 
values , 

Use a second C6 record if more than 9 values are 
required. 

,fThe initial constituent concentration for the top elevation EL must be for a 
level such that the difference between the top EL and the bottom EL is evenly 
divisible by SDZ (L2.2) . 
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6.18 C7 RECORD* 

Initial reservoir dissolved oxygen profile; required record if CONID(7) = 1 
(QC.8) or IPHYTO = 1 (QC.9). 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2-10 OXY(J) + Initial concentrations for dissolved oxygen, in 
milligrams per liter, at elevations EL (RE.2 - 
RE.lO). NK (RE.l) values. 

Use a second C7 record if more than 9 values are 
required. 

6.19 SA RECORD 

Dissolved oxygen benthic demand profile; required record if CONID(7) = 

l(QC.8) or IPHYTO = 1 (QC.9). 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used 

2 -10 SSOXY(J) + Rate at which dissolved oxygen is consumed by the 
decay of benthic material in mg/m2/day at 
elevations EL (RE.2 - RE.lO). NK (RE.l) values. 

Use a second SA record if' more than 9 values are 
required. 

6.20 SB RECORD 

Ammonia-nitrogen benthic source profile; required record if IPHYTO=l.(QC.9). 

FIELD VARIABLE ,VALUE DESCRIPTION 

1 Not used 

2-10 SSNH3(J) + Rate at which ammonia-nitrogen is released by the 
decay of benthic material in mg/m2/day at 
elevations EL (RE.2 - RE.lO). NK (RE.l) values. 

Use a second SB record is more than 9 values are 
required. 

*The initial constituent concentration for the top elevation EL must be for a 
level such that the difference between the top EL and the bottom EL is evenly 
divisible by SDZ (L2.2). 
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6.21 SC RECORD 

Phosphate-phosphorous benthic source profile; required record if IPHTYO = 

l(QC.9). 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2-10 SSPO4(J) .+ Rate at which phosphate-phosphorus is released by 
the decay of' benthic material in mg/m2/day 
at elevations EL (RE.2 - RE.lO). NK (RE.l) 
values. 

TJse a second SC record if' more than 9 values are 
required. 
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6 .2 2 K1 RECORD 

Phytoplankton model coefficients; required if IPHYTO=l(QC.9). 

FIELD 

1 

2 

VARIABLE VALUE - DESCRIPTION 

Not used. 

PMAX 

PRESP 

PSETL 

PS2L 

Phytoplankton maximum growth rate i.n l/day. 

Default is 2.0. 

Phytoplankton respiration rate in l/day. 

Default is 0.15. 

Phytoplankton settling velocity in meters/day. 

Default is 0.15. 

Light half' saturation constant for algae growth in 
kcal/m2/sec. 

Default of' 0.0035. 

Nitrogen half saturation constant for algae growth 
in mg/l . 

Default of' 0.06. 

Phosphorus half saturation constant for algae 
growth in mg/l. 

Default of 0.03. 

EXTINP Phytoplankton shading/light attenuation constant 
u-vmg/l. 

XLAT Latitude of the reservoir in degrees 
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6.23 K2 RECORD 

Phytoplankton model coefficients; required if IPHYTO = l(QC.9). 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2-10 PMORT(1-9) + Phytoplankton mortality rate for January through 
September in l/day. The mortality rate is 
designed to account for zooplankton grazing, 
chemical treatment and other factors which affect 
phytoplankton adversely. 

Use a second K2 record for October, November and 
December mortality rates in Fields 2-4. 

6.24 K3 RECORD 

Phytoplankton model coefficients; required if IPHYTO=l(QC.9). 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2 ALGTl + Lower temperature limit at which phytoplankton 
will grow at 0.1 of their maximum rate in degrees 
Celsius. 

- 1 Default of 5. 

ALGT2 + Lower temperature limit at which phytoplankton 
will grow at 0.98 of' their maximum rate in degrees 
Celsius. 

- 1 Default of 22 

ALGT3 + Upper temperature limit at which phytoplankton 
will grow at 0.98 of their maximum rate in degrees 
Celsius. 

- 1 Default of' 30. 

ALGT4 + Upper temperature limit at which phytoplankton 
will grow at 0.1 of' their maximum rate in degrees 
Celsius. 

EXHIBIT 2 
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6.25 DK RECORD 

Decay coefficients and se t t l i ng  ra te  controls for  reservoirs. This 
record i s  required only i f  constituents other than temperature are being 
simul ated. 

FIELD VARIABLE VALUE DESCRIPTION 

1. Not used. 

2 UNCNDK 9 Decay ra te  a t  20" C standard temperature for  
nonconservative constituent #1 in reservoir 
waters. Will be s e t  t o  zero under the 
phytoplankton option. 

3 BODDK 9 Decay ra t e  a t  20°C standard temperature for  
nonconservati ve constituent #2 (carbonaceous 
BOD or oxygen demanding materi a1 #1) in 
reservoir waters (usual ly  0.1). 

4 BODNDK + Decay ra t e  a t  20°C standard temperature for 
nonconservati ve constituent #3 (nitrogenous 
BOD or oxygen demanding material #2 or 
ammonia decay r a t e  under the phytoplankton 
option) in reservoir waters (usually 0.05). 

C O N V R l  + Factor to  convert input nonconservative 
constituent #2 concentrations t o  ultimate 
oxygen demand i f  dissolved oxygen i s  being 
simulated. The value of C O N V R l  depends on 
the constituent being represented. If 
ultimate carbonaceous BOD i s  represented, 
C O N V R l  should be 1.0. If 5-day carbonaceous 
BOD i s  represented, C O N V R l  should be 1.463 
(defaul t )  which assumes a bot t le  BOD decay 
r a t e  of 0.23 per day. 

6 CONVR2 t Factor to  convert input nonconservative 
constituent #3 concentrations t o  ultimate 
oxygen demand i f  dissolved oxygen i s  being 
simulated. The value of CONVR2 depends on 
the constituent being represented. CONVR2 
should be 1.0 fo r  ultimate nitrogeneous BOD, 
2.54 (defaul t )  f o r  5-day NBOD (assuming 
bot t le  decay ra te  of 0.1 per day), and 4.57 
f o r  ammonia. 

7-10 NXC 

EXHIBIT 2 

0 Not a par t iculate  parameter. 

Read se t t l i ng  ra tes  and l ight  extraction 
coefficients.  Set t l ing rates  and extinction 
coeff i ci ent may be speci f i ed for  each 
conservative parameter (NXC1, NXC2 and 
NXC3), and the f i r s t  nonconservati ve 
parameter (NXC4) t o  represent three 
inorganic and one organic particulate 
parameter. One DS record i s  required fo r  
each positive value. 
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6.25a DS RECORD 

Suspended Solids Se t t l i ng  Rate and Light Extraction Coefficient* 
One record i s  requi red f o r  each non zero value of N X C  ( D K .  7-10), 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2 T l (1 )  Three pa i r s  of s e t t l i n g  veloci ty  in  cm/sec 
3 T2(1) (T l )  versus temperature in  " C  (T2 )  f o r  
4 T l (2 )  suspended so l ids .  These th ree  points define 
5 T2 (2  + the curve from which s e t t l i n g  ve loc i t i e s  wi l l  
6 T l (3 )  be calculated f o r  the ambient water 
7 T2(3) temperature. 

8 EXTINC + Shading/light at tenuation constant in  
l/m/mg/l. This constant r e l a t e s  l i g h t  
energy at tenuation within the  reservoir  t o  
the pa r t i cu l a t e  materi a1 concentration. 

* S e t t l i n g  r a t e s  and l i g h t  at tenuation constants f o r  inorganic so l ids  
vary with p a r t i c l e  s i ze .  Typical value recommendations by Dr. Michael 
Gee, HEC, a re  tabulated below. Volat i le  so l i d s  of s imi lar  s i z e  wi l l  
have lower s e t t l i n g  ve loc i t i e s  due t o  smaller dens i t i e s .  

Light 
Pa r t i c l e  S e t t  1 i  ng Attenuati on 

Size  Temperature* Velocity* Constant 
Class (mm ( "C) (cm/sec) ( l / m / m g /  1 

Col 1 oi dal .001 - - 0.000 .20- -50 

Very f i n e  .004-. 008 5 0.006 .lo-. 20 
s i  1 t 20 0.008 

3 5 0.010 

Fine s i l t  .008-. 016 5 0.012 .05- -10 
20 0.019 
35 0.024 

Medium s i l t  -016- -031 5 0.041 .02- -05 
20 0.068 
35 0.086 

Coarse s i l t  .031-.0625 5 0.110 .01- .02 
20 0.180 
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6.26 CR RECORD 

Thermal correction factors. The CR record is required only if constituents 
other than temperature are being simulated. These factors adjust the decay 
rates and reaeration rates for ambient temperatures other than 20°C. These 
factors app'ly to both reservoir and stream computations. 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2 QUNCON + Thermal correction factor for nonconservative 
constituent #1 decay rate. 

- 1 Default is 1.047. 

QCBOD + Thermal correction factor for nonconservative 
constituent #2 (or carbonaceous BOD or oxygen 
demanding #1) decay rate. 

- 1 Default of 1.047. 

QNBOD + Thermal correction factor for nonconservative 
constituent #3 (or nitrogenous BOD or oxygen 
demanding material #2) decay rate. 

- 1 Default of 1.047. 

QREAIR + Thermal correction factor for dissolved oxygen 
reaeration rate. 

EXHIBIT 2. 

- 1 Default of 1.0159. 
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7 STREAM DATA 

7.1 S1 RECORD 

Required stream data controls. 

FIELD VARIABLE VALUE DESCRIPTION 

Not used. 

I PRT 

IVAL 

Temporal printout interval. Stream simulation 
results will be printed on those days when the 
Julian date (Exhibit 3) is a multiple of IPRT. 

Spatial printout interval. If IVAL = 1, computed 
results will be printed for every stream volume 
element, If IVAL = 2, computed results will be 
printed for every other volume element. 
(Recommended value: +I.) 

IGEDA 1 Stream channel cross section geometry data will be 
printed. These are needed to evaluate stream 
hydraulic computations for depth. 

0 Channel geometry data will not be printed. 

NBPP 

NELEV 

VWR 

+ Number of input channel cross section geometry 
tables; minimum of 2 and maximum of 300. 

+ Number of elevations defining the channel cross 
section data; minimum of' 2 and maximum of 21. 

+ Scali.ng factor (default value of' 1.0) to adjust 
all channel cross section widths. 
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7.2 S2 RECORD 

Reach definition and local inflow location. One record is required for each 
reach (i. e. , I=l, NREACH) . A stream reach is defined as any stream segment 
bounded by two control points. The reach that contains a reservoir, in a tandem 
reservoir system, should be characterized by a required blank S2 record. 

FIELD VARIABLE VALUE DESCRIPTION 

1 ICP(1,I) + Control point number at the upstream end of Reach I. 

2 RCP(1,I) + River mile or kilometer at the upstream end of Reach 
I. 

3 ICP(2,I) + Control point number at the downstream end of' Reach 
I. 

4 RCP(2,I) + River mile or kilometer at the downstream end of Reach 
I. 

5 ELEN ( I ) + Length of stream elements for Reach I. The stream 
element length must be such that there are at least 
two computational elements in each reach and not more 
than 49. All stream reaches ending at the upstream 
end of a tandem reservoir must end with a control 
point that is not the confluence of two streams 
(junction control point). 

RQI(I,I)~ + River mile or kilometer location of local inflow 
point. 

NSREF(~, I) + Tributary identification number for inflow at 
location RQI(1,I) (S2.6). 

 he local flow (i.e. , local flow for control point ICP(2,1), S2.3) may be 
allocated to three locations within the reach. The location of' the first two 
local inflow points are specified by RQI. The third (i.e., NSREF(3,I), S2.10) 
is allocated at location RCP(2,I), S2.4. The same tributary identification may 
be used for more than one stream inflow location or reservoir inflow. This allows 
the user to input the same flow fraction and quality at any number of stream 
locations and reservoirs. Up to 50 inflow types may be assigned, including inflow 
to tandem reservoirs from upstream reaches. Each tandem reservoir reduces the 
number of' allowable tributary identifications by one (e.g., 4 tandem reservoirs 
would make the maximum allowable value of NSREF - 46). 
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7.2 S2 RECORD (continued) 

FIELD .. - VARIABLE - VALUE DESCRIPTION a 

8 RQI(2,I)l River mile or kilometer location of 
local inflow point. 

9 RSREF(~, 1)I =t Tributary identification number for 
inflow at location RQI(2,I) (S2.8). 

10 NSREF(~. 1)' -I- Tributary identification number for 
inflow at the downstream control point 
ICP(2,I) (S2.3). 

Tributary identification number for 
return flow to the downstream control 
point. The temperature and qual i ty 
entered on the 13 or I4 records will be 
treated as an increment to the ambient 
quality computed at the end of the 
previous time step at the point of 
withdrawal (DRTFR,DR.l). A negative 
value must be entered if the control 
point is specified in field 2 on any DR 
record. 

1 The local flow (i.e., local flow for control point ICP(Z,I), S2.3) may 
be allocated to three locations within the reach. The location of the 
first two local inflow points are specified by RQI. The third (i .e., 
NSREF(3,1), S2.10) is allocated at location RCP(2,1), S2.4. If a 
return flow is indicated by a negative value of NSREF(3, I) (S2.10), 
the location of normal tributaries (maximum of 2) must be specified by 
RQI. The same tributary identification may be used for more than one 
stream inflow location or reservoir inflow. This allows the user to 
input the same flow fraction and qual ity at any number of stream loca- 
t ions and reservoirs. Up to 50 inflow types may be assigned, i nclud- 
ing inflow to tandem reservoirs from upstream reaches. Each tandem 
reservoir reduces the number of allowable tributary identifications by 
one (e.g., four tandem reservoirs and two return flows would make the 
maximum a1 lowable value of NRREF=44. The reduction due to return flow 
is in addition to the return flow increments specified by a negative 
tributary identification). 
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SR RECORD 

Required reaeration option, meteorological zone defini%ion and 
diffusion coefficient specification 

F P ELD - VARIABLE - VALUE DESCRIPTION 

1 b 1 + Upstream control point from which data 
apply. 

- Upstream control point. Negative value 
indicates final SR record. 

2 b 2 9 Downstream control point to which data 
apply. 

3 METZON 4- Meteorological zone number. Must be 
one of the values of METZON (EZ.2). 

4 KZOPP 9 Oxygen reaeration control. One of the 
following may be specified: 

1 Churchill, et al. 
2 O'Conner and Dobbins 
3 Owens, et al. 
4 Langbien and Durum 
5 Thackston and Krenkel 
6 Tsivoglou and Wallace 
7 Input reaeration coefficient directly. 

One or more SK records will be 
required. 

8 Reduce oxygen deficit at location RK2MI 
(SR.5) by the fraction RK2 (SR.6) 

RK2 

DCC 

+ Location where the oxygen deficit will 
be reduced by the fraction RK2. If the 
reduction in the oxygen deficit is 
desired at a control point, the input 
location should be slightly below and 
upstream control point or slightly 
above a downstream control point. 

0 KZOPP (SR.4) is other than 8. 

t Fraction by which the oxygen deficit 
wi 1 1  be reduced. 

0 KZOPP (SR.4) is other than 8. 

+ Djffusion coefficient in ft2/sec or 
m /see. This coefficient will apply to 
all stream elements between Ll(SR.1) 
and L2(SR.2). 

0 No diffusion between stream elements. 
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SK RECORD 

Element reaeration coefficient definition. SK records are 
required following any SR record for which direct input of the 
reaeration coefficient is specified (KZOPP=7, SR.4). Nine values 
may be specified per SK record. Repeat as necessary to define 
a l l  elements bounded by LP and E2 (SR.1 and SR.2). 

VARIABLE VALUE DESCRIPTION 

1 Not used. 

-I- Reaeration coefficient, l/day, 
for each element. 
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7.5 S3 RECORD* 

Channel cross section geometry. NELEV (S1.6) records are required f'or each 
of NBPP (S1.5) cross sections. 

Records must be in upstream to downstream order, with a minimum of one 
cross section for each control point. At control points making the confluence 
of a tributary stream branch, a cross section must be provided for both the 
mainstem and the terminus of the tributary stream branch. Intermediate cross 
sections may be furnished. For parallel systems, cross section data are 
ordered from the most upstream mainstem control point to, and including, the 
confluence control point; then tributary control point cross section data are 
entered. Following the tributary cross section data, the cross section data 
for the mainstem downstream of' the control, point at the confluence are entered. 

FIELD VARIABLE VALUE DESCRIPTION 

1 NCPX + Control point at the cross section or the first 
control point downstream for cross sections not at 
a control point. The NCPX is required on only the 
first record of the data f'or each cross section. 

2 XMX + River mile or kilometer location of cross section. 

3 ELEV .+ Elevation in feet or meters. The elevation 
increments (between layers) must be identical on 
all cross sections. 

+ Cross section flow area in sq. f't. or sq. m. below 
elevation ELEV (S3.2). 

+. Hydraulic radius to the 2/3 power at elevation 
ELEV (S3.2). 

+ Surface width in feet or meters at elevation 
ELEV. All cross section widths will be multiplied 
by VWR (S1.'7) . 

+ Manning's n at elevation ELEV (S3.2). 

.+ Flow in cfs of m3/sec at elevati.on ELEV 
(S3.3). If QST is leftblank, the flowwillbe 
computed assuming normal depth. 

NOTE : Dimension 1imitati.ons are 50 cross sections per reach (between 2 
adjacent control points) and 300 cross sections per job. 

AThe S3 records can be easily prepared using HEC program GEDA [HEC 19811 which 
is described in Exhibit 5. 
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7.6 $4 RECORD 

Required energy grade line elevation. S 4  records should be ordered as 
described on the previous page for the S 3  records. 

FIELD VARIABLE VALUE -- -- DESCRIPTION 

1 Not used. 

2 - 10 ELEV + Stream channel energy grade line elevation in feet 
or meters at each channel cross section. 
Elevation must be input in the same order as the 
S3 record sets (i.e. upstream to downstream). 
Repeat S 4  record as necessary to input NBPP (S1.5) 
elevations. Invert elevations may be used as an 
approximation of' the energy grade line elevations 
i.f normal flow conditions prevail throughout the 
stream section. Elevations which result in 
negative slopes are not allowed. 

EXHIBIT 2 Page 28 of 3 8  



7 . 7  KR RECORD 

Decay coefficients for streams. These records are required only if 
nonconservative constituents other than temperature are being simulated. One 
record should appear for each stream reach. 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2 UNCONDK + Decay rate for nonconservative constituent #1 at 
standard temperature of 20°C. 

0 Phytoplankton option. 

BODCDK + Decay rate for nonconservative constituent #2 at 
standard temperature of 20°C. 

BODNDK + Decay rate for nonconservative constituent # 3  (ammonia 
under phytoplankton option) at standard temperature 
of 20°C. 

CONVRl + Factor to convert input nonconservative constituent 
#2 concentrations to ultimate oxygen demand. If 
dissolved oxygen is not being simulated, a value of 
1.0 must appear. If dissolved oxygen is being 
si.mulated, the value of CONVRl depends on the 
constituentrepresentedbynonconservative constituent 
#2. If' ultimate carbonaceous BOD is represented, 
CONVRl should be 1.0. If 5-day carbonaceous BOD is 
represented, CONVRl should be 1 . 4 6 3 .  This factor 
assumes a bottle BOD decay rate K1 of' 0.23 per day. 

CONVR2 + Factor to convert input nonconservative constituent 
#3 concentrations to ultimate oxygen demand. If 
dissolved oxygen is not being simulated, a value of 
1.0 must appear. If dissolved oxygen is being 
simulated, the value of CONVR2 depends on the 
constituentrepresentedbynonconservative constituent 
#2. If nitrogenous BOD is represented, CONVR2 should 
be 1.0. If ammonia is represented, CONVR2 should be 
4 . 5 7 .  
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7.8 CT RECORD 

Stream water quality objectives and constituent weights are 
required for non-calibration simulations (ie., ICALIB(JA.4)=0) 
and are optional for calibration simulations. One set of CT 
records are provided for each constituent being simulated at each 
control point. Records must be entered by ascending time, 
constituent and control point. In other words, all temporal 
targets and weights for temperature at control point #1 must be 
entered before proceeding to the next parameters. After all 
targets and weights for each parameters are defined for control 
point #I, proceed to define targets and weights for the next 
control point. The time of the first set of water quality 
objectives and weights must be on or before the first day of 
simulation (JA.2), and will apply until overridden by subsequent 
sets. The number of CT records per day is controlled by IHRC 
(JA. 8) (ie. , number of records/day = 24/IHRC) . 
FIELD VARIABLE VALUE DESCRIPTION 

1 ID + Control point ID number. The ID is 
only required on the first 
temperature objective record for 
each control point. 

ITIMCP + 

CONMAX + 

WEITUP + 

WEITDN + 

JREG + 

Time that the target becomes 
effective, year, month and day 
e.g., 740501). Objectives and 
weights are held constant until 
respecified by subsequent CT 
records. 

Negative date indicates the final 
set of CT cards in each temporal 
data set. 

Target value for temperature or 
constituent concentration. 

Relative weight assigned to 
violation caused by exceeding 
the target value. 

Relative weight assigned to 
violation caused by not 
exceeding the target value. 

Reservoirs to be operated to meet 
water quality target during flow 
augmentation. Up to 10 upstream 
reservoirs may be specified for 
each control point on the first 
and second temperature records 
only, 
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8. INFLOW TEMPERATURE AND WATER QUALITY 

One I1  record followed by s e t s  of I2 and I3  records, or I2 and I4 
records, are required f o r  each t r ibu ta ry  or reservoir inflow. The t o t a l  
number of data se t s  must equal the maximum value of NRREF (LR.l, 3, 5, 7 
and 9) or NSREF (S2.7, 9 and 10). Data are ordered by time and by 
constituent for  each control point, as was done w i t h  the CT records. 

Required inflow water qual i ty  record length and i n p u t  data control.  
The length of record can be longer than the simulation period b u t  mus t  
include the simulation period as a m i n i m u m .  

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2 I IDAY + F i r s t  day of inflow water qual i ty  data; 
year, month and day. 

3 LL DAY + Last day of inflow water qual i ty  data; 
year, month and day. 

4 I3HR 0 I3 record data frequency will  be based on 
dai ly  time increment. 

1 I3  record data frequency will be based on 
hourly time increment. 

0 I4 record time data wi 11 be entered as 
yr/mo/day. 

1 I4 record time data will be entered as 
yr/mo/dy/hr 
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8.2 I2 RECORD 

Required inflow data control and identification. 

FIELD - VARIABLE VALUE 

1 

2 1 EQ t 

3 IDIN'T 

4-8 CON ALPHA 

9 RTO + 

DESCRIPTION 

Not used. 

Meteorological zone number, must be one 
of the values of METZON (EZ.2). Inflow 
temperature will be computed as the 
departure from the equilibrium tempera- 
ture. 

Meteorological zone number plus 100. 
Inflow temperatures wi 11 be computed by 
a factor times the equilibrium tempera- 
ture (i.e., a value of 104 would indi- 
cate that inflow temperature would be 
based on Zone 4 equilibrium tempera- 
tures). 

Dissolved oxygen will be input as a 
percent of saturation. 

A1 1 other constituents or temperature 
or dissolved oxygen to be entered in 
standard units. 

Local inflow rate or quality data up- 
date interval in days or hours (see 
11.4). Inflow data are input using a 
series of I3 cards under this option. 

Local flow inflow rate or quality data 
are input at variable time intervals 
using a series of I4 cards under this 
option. 

Description of inflow data. 

Proportionality constant (units = l/hr) 
for dampening the change in temperature 
or dissolved oxygen if IEQ (12.2) is 
non zero.* If RTO times the time step 
increment exceeds 1, no dampening will 
occur. 

* The inflow temperature is determined by: 

where T = inflow temperature 
To = inflow temperature for previous time step 
Ar = time step in hours 
Te = equi 1 i brium temperature 
A T  = departure from equi 1 ibrium temperature 

Dissolved oxygen concentrations are determined in a similar fashion. 
Dampening should be used when short meteorological data intervals 
(MINT, EZ.3 less than 24 hours) result in large diurnal changes in 
equilibrium temperature. 



8.3 I3 RECORD 

Inflow rate and water quality data at constant time interval (i.e., 
positive IDINT, 12.3). The number of I3 records is determined by the 
length of inflow water quality record (11.2 and 11.3) and the inflow 
data update interval (12.3). (Examples: If I3HR (11.4) i s  zero, 72 
days of record with 4 day update interval would require 1 + 72/4 = 19 
values and a total of 2 records; If I3HR (11.4) is one, 72 days of 
record with 6 hour update interval would require 1 + 72 24/6 = 289 
values and a total of 29 records. Optional record. 

FIELD VARIABLE VALUE DESCRIPTION 

1-10 CONC + or - Inflow rate or water quality con- 
st i tuent concentration, in appropriate 
units. Inflow may be input as a rate 
(positive values of CONC) or as a frac- 
tion of the total local flow (negative 
values of CONC) (i.e., CONC = -.5 would 
indicate that one-half of the local 
flow would be allocated to the inflow). 
Temperatures may be input directly, as 
depar,tures from the equ i 1 i br i um temper- 
ature or as a ratio of the equilibrium 
temperature. Dissolved oxygen may be 
input as a percent of saturation. T'he 
types of data are controlled by IEQ 
(12.2). Straight 1 ine interpolation is 
used to determine water quality con- 
st i tuent concentrat ions at intermediate 
,times. 
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8.4 14 RECORD 

Inflow rate and water quality data at variable time intervals 
(i.e., IDINT, 12.3 = 0); optional record. 

FIELD VARIABLE VALUE DESCRIPTION 

1 Not used. 

2 ITIME -t. Time of observation. The first time of 
observation must be on or before IIDAY 
(11.2) and the last observation on or 
after LLDAY (I 1.3). This record may be 
repeated as necessary to include the 
entire inflow period. 

- 1 Denotes the end of the data set. 

CONC + or - Inflow rate or water quality con- 
stituent concentrations, in appropriate 
units. Inflow may be input as a rate 
(positive values of CONC) or as a frac- 
tion of the total local flow (negative 
values of CONC) (i.e., CONC = -.5 would 
indicate that one-half of the local 
flow would be allocated to the inflow). 
Temperatures may be input directly, as 
departures from the equ i 1 i br i um temper- 
ature or as a ratio of the equilibrium 
temperature. Dissolved oxygen may be 
input as a percent of saturation. The 
types of data are controlled by IEQ 
(12.2). Straight 1 ine interpolation is 
used to determine water quality con- 
stituent concentrat ions at intermediate 
days. 

4 ITIME + or -1 Sets of time and corresponding local 
5 CONC + or - inflow rate or water quality data. 
6 ITIME 
7 CONC 
8 ITIME 
9 CONC 

If 14HR (11.5) is zero, the time (beginning of the day) is entered 
as year, month and day. If 14HR is one, the time (end of the hour) is 
entered as year, month, day and hour (e.g., 7050112). 
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9 GATE OPERATIONS DATA 

One GI. record, followed by as many G2 records as necessary, are required 
when the calibration mode i.s being used. These records are only needed for the 
calibration mode. 

9.1 Gl RECORD 

Length of' gate operations record. The length of record can be longer than 
the simulation period but must include the simulation period as a minimum. 
Required record for the calibration mode. 

FIELD VARIABLE VALUE -- DESCRIPTION 

1 I DAY +. First day of' gate operations data, year, month and 
day expressed as YRMODA (e.g., 760501). 

2 LDAY + Last day of gate operations data, year, month and 
day expressed as YRMODA. 
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9.2 62 RECORD -- 
Optional gate operations data f o r  model cal ibrat ion (required i f  

ICALIB (39.4) = 1). The gate operations data  on these records must 
s t a r t  and s top on the  dates  given on the G 1  record for  a l l  reservoirs i n  
the  system. The number of 62 records per day is controlled by IHRG 
(JA.9) ( i  .e., number of recordslday = 24/IHRG). 

FIELD VARIABLE VALUE DESCRIPTION 

1 RESNO + Control point number f o r  reservoir t o  which 
data pertain. 

2 IIDAY + Star t ing  day of period f o r  which data on this 
record is appl i cab1 e (YRMODA) (e. g . , 760501). 

3 LL DAY + Final day of period f o r  which data on t h i s  
record is appl i cable (YRMODA) . 

- Final day on 1 a s t  62 record requires a nega- 
t i  ve LLDAY. 

4 QFC I + Flow through flood control out le t  f o r  period. 

5 QSP I + flow through spillway f o r  period. 

6 QWW 1 I + Flow through wet well #1 f o r  period. 

7 GATE1 I + Number of the  gate i n  wet well #1 through 
which flow QWWlI (62.6) passes, numbered from 
bottom gate upward. 

8 QWW2I + Flow through wet well #2 f o r  period. 

9 GATE21 + Number of the  gate i n  wet well #2 through 
which flow GWWZI (62.8) passes, numbered from 
bottom gate upward. 
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10 ER RECORD 

The simul.ation w i l l  end with the appearance of' an ER record. 
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WEATHER 

1. INTRODUCTIOJ 

1.1 Purpose o f  Program -- 
Program WEATHER was developed t o  a s s i s t  the user o f  the WQRRS and the 

HEC-5Q models w i t h  the p repa ra t i on  o f  the requ i red  i n p u t  weather data. The 
program reads a NOAA Nat iona l  C l imat ic  Center weather data f i l e  and outputs a 
f i l e  i n  the proper i n p u t  format f o r  e i t h e r  the WQRRS or the HEC-5Q program. 

1.2 O r i g i n  o f  Program 

The WEATHER program was o r i g i n a l l y  w r i t t e n  by Mr. A l f r e d  Onodera i n  
1974 t o  p rov ide  the WQRRS user w i t h  i npu t  assistance. The program has been 
modi f ied by M r .  R.G. W i l l e y  t o  p rov ide  more f l e x i b i l i t y  o f  t ime scales and 
output  c a p a b i l i t y  f o r  both WQRRS and HEC-59. 

1.3 Hardware Requirements 

This program i s  w r i t t e n  i n  FORTRAN 77 w i thou t  machine dependencies. 
The program has been tes ted  on HARRIS and CDC equipment. There should be 
l i t t l e ,  i f  any, problem i n  compi la t ion  on other  computers. 

2. PROGRAM CONCEPTS 

The WEATHER program reads a Nat ional  C l ima t i c  Center data f i l e  o f  hou r l y  or 
th ree  hou r l y  weather data. The f i l e  contains a i r  (d ry  bu lb )  temperature, wet 
bu lb  temperature, dew p o i n t  temperature, wind speed, barometr ic pressure, and 
c loud cover i n  a d d i t i o n  t o  other  weather parameters. Some s ta t i ons ,  du r ing  
some years, on ly  have th ree  hou r l y  data bu t  the general format i s  considered 
t o  be hour ly .  

The WQRRS model can use hou r l y  weather data or any m u l t i p l e  o f  hou r l y  t h a t  
d i v ides  evenly i n t o  24 hours. The HEC-5Q model can on ly  use d a i l y  average 
data. The c loud cover, which i s  used t o  p r e d i c t  the amount o f  so la r  r a d i a t i o n  
reaching the ground, should be averaged on ly  du r ing  day - l i gh t  hours. 

The model needs an i n i t i a l  i n p u t  record which spec i f i es  which program 
opt ions the user wants t o  use. Based on the i n p u t  from t h i s  header record, 
the program provides e i t h e r  hou r l y  (o r  m u l t i p l e s  o f  hou r l y )  weather data f o r  
the WQRRS model, or the  averaged d a i l y  data f o r  e i t h e r  the WQRRS or  the  HEC-5Q 
models. The formats and types o f  weather parameters used a re  d i f f e r e n t  f o r  
each model. 



3. INPUT 

The input begins with three title cards having any alpha character in 
columns 1-80, although it is suggested that the first two c o l ~ ~ m n s  be used for 
a card I.D. Following the three titles, the initial header record contains 
the following: 

Columns Description 

Card identification (e.g. C1). 
Starting year; two digits 
Starting month. 
Starting day. 
Last year of simulation; two  digit.^. 
Last month of simulation. 
Last day of simulation. 
Index which equals 1 for WQRRS output format or 0 for 
HEC-5Q output format. 
Index which equals 1 for wet bulb input or 0 for dew 
point input. Only needed for WQRRS interface. 

The title records and the header record are read from unit 5. The 
remaining input is from the National Climatic Center containing weather data 
in their "CD144" format. This data may need to be unblocked to 80-character 
(card--image) records before processing. Appendix I defines the type of 
available data and its format. National Climatic Center data can be ordered 
from Asheville, North Carolina, for non-Corps offices and from Scott Air Force 
Base, 1lli.nois for Corps offices. The Corps offices shoi~ld refer to Army 
Pamphlet 115-1 "Requests for Cl.imatologica1 Support to Army Activities," dated 
June 1983. Both offices' addresses and phone numbers are given below: 

For Corps Offices --. For Non-Corps - -- Offices 

Conimander 
USPA Environmental Technical 
Applications Center 
ETAC / DO 
Scott AFB, IL 62225 
(704 )  259-0218 

example inputs are shown in Appendices 11 and 111. 

National Climatic Center 
Federal Bui ldirig 
Ashville, NC 28801 
(704) 259--0682 

*This phone connects with Air Force Staff located at Asheville, MC. They can 
answer your questions, although you must order your data from Scott AFB. 



4. OUTPUT 

The program output is weather data for the input station for the exact period 
of interest in a format for either the WQRRS or the HEC-5Q (actually HEC-5Q type 
output is input to a preprocessor called HEATX, which provides output for HEC-5Q 
input format). The results are written to unit 7. Example outputs for unit 7 
are shown in Appendices IV and V. 

If your execution is unsuccessful, the following messages (from unit 6) may 
be helpful for editing your data: 

Message - Remarks 

STOP 55 Starting hour must be 01 for 
three hour intervals and 00 for 
all other intervals. 

STOP 200 Prcgram read an end of file. 
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APPENDIX 11. Example Input for HEC-5Q Interface 

TI PROGRAM WEATHER INPUT 
TI FOR HEC-5Q OUTPUT OPTION 
TI MORGANTOWN WEATHER DATA TEST 
C1 8 5 12 3 1 86 0 1 0 1 0 0 
1373685123101---0--0040000000010315005760329060190170540 
1373685123104---0--0030000000010308010000029040160150770 
1373685123107 0--5060000000010295011540428990160150808 
1373685123110---0991060000000010271024760428940380320572 
13736851231131800--5150000000000230027760928840480390447 
13736851231161400--810000000000021702977032879045038053- 
13736851231191000--805000000001019002534032871040034055- 
13736851231220700--806000000001016602434062866040034052- 
13736860101010650--805001000001012203056082855046039053- 
1373686010104018812203000400001009804155042848042041096- 
13736860101070080--805000400001009804366102848044044096- 
13736860101100088--505000000001010504276102850045044089- 
13736860101130120--812000000000010503956102850045042079- 
13736860101160168--515000000000012203578092855042039076- 
13736860101190230--807000000000014903276092862038035079- 
13736860101220180--809000000000015902977082865034032082- 

APPENDIX 111. Example Input for WQRRS Interface 

TI PROGE?AM WEATHER INPUT 
TI FOR WQRRS OUTPUT OPTION 
TI MORGANTOWN WEATHER DATA TEST 
C1 8 5 12 31 8 6 01 01 1 0 
1373685123101---0--0040000000010315005760329060190170540 
1373685123104---0--0030000000010308010000029040160150770 
1373685123107 0--5060000000010295011540428990160150808 
1373685123110---099106000000001.0271024760428940380320572 
13736851231131800--5150000000000230027760928840480390447 
13736851231161400--810000000000021702977032879045038053- 
13736851231191000--805000000001019002534032871040034055- 
13736851231220700--806000000001016602434062866040034052- 
13736860101010650--805001000001012203056082855046039053- 
1373686010104018812203000400001009804155042848042041096- 
13736860101070080--805000400001009804366102848044044096- 
13736860101100088--505000000001010504276102850045044089- 
13736860101130120--812000000000010503956102850045042079- 
13736860101160168--515000000000012203578092855042039076- 
13736860101190230--807000000000014903276092862038035079- 
13736860101220180--809000000000015902977082865034032082- 



APPENDIX IV. Example Output for HEC-5Q Interface 



APPENDIX V. Example Output for WQRRS Interface 

WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
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WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
WEATHl 
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I N T R O D U C T I O N  

When a  dam i s  b u i l , t  a c r o s s  a  s t ream,  a  t o t a l l y  d i f f e r e n t  regime i s  
e s t a b l i s h e d  which prcfoundly a f f e c t s  t h e  water  q u a l i t y  w i t h i n  and down- 
s t ream of t h e  impoundment f o r  many m i l e s .  The temperature  s t r u c t u r e  
wi . thin t h e  r e s e r v o i r  i.s t h e  most important cons i .dera t ion  when e s t a b l i s h i n g  
a  management p l a n  f o r  water  q u a l i t y  c o n t r o l .  

When a  s tudy of r e s e r v o i r  temperatures  i s  undertaken,  it i s  important 
t h a t  a l l  of t h e  p h y s i c a l  and meteoro logica l  h e a t  exchange processes  a r e  
inc luded ,  so  t h a t  c o n s i d e r a t i o n  of t h e  o v e r a l l  h e a t  ba lance  of t h e  r e s e r -  
v o i r  i s  assured .  A sound t h e o r e t i c a l  approach w i l l  i n s u r e  t h i s .  The 
a n a l y s i s  should provide a  r e a l i s t i c  assessment of t h e  i n t e r - r e l a t i o n s h i p  
between p r o j e c t  ope ra t i ons  and t h e  thermal  v a r i a t i o n s  w i t h i n  t h e  r e s e r v o i r .  
The use  of i npu t  d a t a  which cannot be measured " in  s i t u "  should be  kept  
t o  a  minimum i n  order  t o  i n s u r e  t h a t  p o s s i b l e  b i a s  i n  r e s u l t s  i s  e l imina ted .  
F i n a l l y ,  a p p l i c a t i o n  should be  s t r a igh t fo rward  and fol low s tandard  accepted 
procedures  i n  order  t o  provide confidence and guaran tee  un i formi ty  i n  
r e s u l t s .  

CONSERVATION OF HEAT 

The s imu la t i on  of t h e  annual  temperature  v a r i a t i o n s  w i t h i n  an 
impoundment begins  w i th  t h e  formula t ion  of a  mathematical d e s c r i p t i o n  
of t h e  p e r t i n e n t  hea t  t r a n s f e r  mechanisms. The s o l u t i o n  of t h e  mathe- 
ma t i ca l  formula t ion  r e s u l t s  i n  an account ing of t h e  e x t e r n a l  and 
i n t e r n a l  hea t  ba lance  f o r  t h e  r e s e r v o i r  over t h e  y e a r l y  cyc l e .  

The annual  temperature  c y c l e  of a  r e s e r v o i r  i,s t h e  r e s u l t  of a  
complex i n t e r - r e l a t i o n s h i p  among t h e  many hydrodynami,~ and thermodynamic 
processes  by whi.ch h e a t  e n t e r s ,  i s  d i s t r i b u t e d  w i t h i n ,  and leaves  an  
impoundment. S t r i c t l y  speaking,  t h e  on ly  mathematical d e s c r i p t i o n s  
which would be u n i v e r s a l l y  a p p l i c a b l e  would be t h e  t h r e e  dimensional 
equa t ions  of conserva t ion  of h e a t  and mass. However, s o l u t i o n  of t h e  
t h r e e  dimensional equa t ions  i.s v i x t u a l l y  impossible .  There a r e  many 
i n s t a n c e s ,  though, when t h e  r e s e r v o i r  hea t  ba lance  can be adequate ly  
determined by cons ide r ing  only  t h e  v e r t i c a l  d i s t r i b u t i o n  of h e a t  and 
t h e  h e a t  t r a n s f e r  mechanisms a s s o c i a t e d  wi th  movement a long t h e  v e r t i c a l  
a x i s .  Prototype d a t a  a r e  a v a i l a b l e  t o  suppor t  t h i s  assumption. The 
annual  temperature  c y c l e  f o r  t h e  B e l t z v i l l e  Reservoi r  i z i  n o r t h e a s t e r n  
Pennsylvania is shown on f i g u r e s  1 through 3. Examination of t h e s e  
f i g u r e s  shows t h n t  t h e  assumption of h o r i z o n t a l  isotherms ( l a y e r s  of 
equa l  temperatures)  i s  i.ndeed v a l i d .  Very 1 . i t t l e  v a r i a t i o n  was 
measured i.n e i t h e r  t h e  l o n g i t u d i n a l  o r  l a t e r a l  d i r e c t i o n s  a t  B e l t z v i l l e .  
A l a r g e  number of Corps r e s e r v o i r s  e x h i b i t  t h i s  same c h a r a c t e r i s t i c  



and a r e  r e a d i l y  ana lyzed  by c o n s i d e r i n g  h e a t  t r a n s f e r  i n  o n l y  t h e  v e r t i c a l  
d imension.  It shou ld  b e  emphasized,  however,  t h a t  each impoundment i s  
d i f f e r e n t  and b e f o r e  t h i s  s i m p l i f y i n g  assumpt ion i s  a c c e p t e d ,  i t  shou ld  
b e  s c r u t i n i z e d .  

Some g e n e r a l  gu tdance  i s  a v a i l a b l e  on t h e  a p p l i c a b i l i t y  of t h e  one 
di.mensiona1 assumpt ion  t o  a  p a r t i c u l a r  r e s e r v 0 i . r .  O r  l ob  (15) h a s  
sugges ted  a  method of r e s e r v o i r  c l a s s i f i . c a t i o n  based on a  r a t i o  of in f low 
volume t o  s t o r a g e  volume i n  t h e  r e s e r v o i r .  

1) Low flow/volume r a t i o .  - R e s e r v o i r s  i n  t h i s  c l a s s  a r e  ex t remely  
l a r g e  and have d e t e n t i o n  t imes  g r e a t e r  t h a n  one y e a r .  L i t t l e  s e a s o n a l  
v a r i a t i o n  i n  s t o r a g e  o c c u r s  and ou t f low i s  g e n e r a l l y  from s u r f a c e  l a y e r s .  

2 )  Medi.um flow/volume r a t i o .  - R e s e r v o i r s  i n  t h i s  c l a s s  a r e  l a r g e  
and d e t e n t i o n  t i m e s  a r e  i n  t h e  r a n g e  o f  from f o u r  months t o  one y e a r .  
These  r e s e r v o i r s  show s t r o n g  p a t t e r n s  of s t r a t i f i c a t i o n  and v a r i a t i o n s  
i n  s t o r a g e  may b e  Large. 

3) High f  low/volume r a t i o .  - R e s e r v o i r s  i n  t h i s  c l a s s  a r e  g e n e r a l l y  
r u n  of  r i v e r  t y p e s  w i t h  d e t e n t i o n  t imes  of l e s s  t h a n  f o u r  months. P a t t e r n s  
o f  s t r a t i f i c a t i o n  a r e  d i f f i c u l t  t o  a c c e s s  and l o n g i t u d i n a l  v a r i a t i o n s  i n  
t e m p e r a t u r e  a r e  common. Along w i t h  t h e s e  l o n g i t u d i n a l  t e m p e r a t u r e  
v a r i a t i o n s ,  c o n d i t i o n s  of under f low may deve lop .  

R e s e r v o i r s  i n  t h e  f i r s t  and second c l a s s  c a n  be  expec ted  t o  e x h i b i t  
a  s t r o n g  p a t t e r n  o f  the rmal  s t r a t i f i c a t i o n .  I n  o r d e r  t o  m a t h e m a t i c a l l y  
e v a l u a t e  t h e  a p p l i c a b i l i t y  of t h e  one d imens iona l  a s sumpt ion ,  Orlob (11) 
s u g g e s t s  t h e  u s e  of  a  d e n s i m e t r i c  Froude number computed a s  fo l lows :  

where : 

FD = d e n s i m e t r i c  Froude number 

L = l e n g t h  of  t h e  r e s e r v o i r  i n  f t . @  c o n s e r v a t i o n  poo l  

H = mean r e s e r v o i r  d e p t h  i n  f t .  

V = volume of t h e  r e s e r v 0 i . r  i n  f t 3  @ c o n s e r v a t i o n  p o o l  

Q = f low t h r o u  h r a t e  i n  c f s  (check mean a n n u a l  and s p r i n g  
mean monthfy) 

g  = g r a v i t a t i o n a l  c o n s t a n t  32 .2  f t / s e c  2 

e  = a v e r a g e  normal ized  d e n s i t y  g r a d i e n t  t a k e n  a s  0 .3 x  1 o m 6 / f t .  



According t o  t h i s  t h e o r y ,  i f  t h e  computed v a l u e  of FD i s  l e s s  t h a n  l / n  
a  s t r o n g  s t r a t i f i c a t i o n  p a t t e r n  w i l l  e x i s t  i n  t h e  r e s e r v o i r .  

MATHEENTICAL FORMJLATION 

S e v e r a l  approaches  t o  t h e  s i m u l a t i o n  of r e s e r v o i r  t e m p e r a t u r e s  
have been u t i l i z e d  by v a r i o u s  Corps o f f i c e s  ( 2 ,  11 ,  16) .  These methods 
have been ana lyzed  by E i k e r  (6) and each w a s  determined t o  be l a c k i n g  
i n  one o r  more a r e a s .  The s i m u l a t i o n  approach o u t l i n e d  below was 
developed by t h e  Baltimore D i s t r i c t  and h a s  been a p p l i e d  i n  s e v e r a l  
a n a l y s e s  of e x i s t i n g  and proposed r e s e r v o i r s .  The b a s i s  of t h e  
a n a l y s i s  i s  t h e  s imul taneous  s o l u t i o n  of t h e  t i m e  v a r y i n g ,  one- 
d imens iona l  e q u a t i o n s  f o r  c o n s e r v a t i o n  of h e a t  and c o n s e r v a t i o n  of mass. 

The e q u a t i o n s  d e s c r i b i n g  c o n s e r v a t i o n  of h e a t  and mass f o r  t h e  
r e s e r v o i r  a r e  d e r i v e d  i n  t h e  c l a s s i c a l  manner. The r e s e r v o i r  i s  
i d e a l i z e d  and a  c o n t r o l  volume i s  e s t a b l i s h e d  a s  shown on f i g u r e  4. 
The c o n t r o l  volume i s  of t h i c k n e s s  ( AZ ) and h a s  a n  average  a r e a  (A) 
which i s  a  f u n c t i o n  of e l e v a t i o n  Z .  Conserva t ion  of mass f o r  t h e  
c o n t r o l  volume i s  d e s c r i b e d  by: 

a Qv - Q i n  - Qout  
a z  - A z 

where: 

k 
a Z  = change i n  v e r t i c a l  f low per  u n i t  between t h e  bottom 

and top  of t h e  c o n t r o l  volume i n  c f s l f t .  

Qin = in f low t o  t h e  c o n t r o l  volume i n  c f s .  

Qout = out f low from t h e  c o n t r o l  volume i n  c f s .  

A Z  = t h i c k n e s s  of c o n t r o l  volume i n  f t .  

The equati .on t o  d e s c r i b e  t h e  c o n s e r v a t i o n  of h e a t  w i t h i n  t h e  c o n t r o l  
volume i s  : 

where : 

T  = t empera tu re  i n  OF. 

t = t ime  i n  s e c .  



A = h o r i z o n t a l  a r e a  of t h e  c o n t r o l  volume i n  f t  2  

Qv = v e r t i c a l  f low i n  c f s .  

Z = e l e v a t i o n  i n  f t .  

2 
K = d i f f u s i o n  c o e f f i c i e n t  (molecular  and t u r b u l e n t )  i n  f t  /set* 

T i n  = t empera tu re  of in f low i n  OF.  

Qin = in f low t o  t h e  c o n t r o l  volume i n  c f s .  

Tout = t empera tu re  of ou t f low = T i n  OF. 

Qout  = out f low from t h e  c o n t r o l  volume i n  c f s .  

3  p = d e n s i t y  of wa te r  i n  L B S / £ ~ .  

cp = s p e c i f i c  h e a t  o f  w a t e r  i n  B T U / L B S / ~ F .  

a ~ / a ~  = e x t e r n a l  h e a t  s o u r c e  i n  B T U / S ~ C .  

An examinat ion of e q u a t i o n  (3) conf i rms  t h a t  a l l  of  t h e  p e r t i n e n t  
h e a t  t r a n s f e r  mechanisms a r e  inc luded  i n  t h e  f o r m u l a t i o n .  The f i r s t  
t e r m  on t h e  l e f t  hand s i d e  o f  t h e  e q u a t i o n  r e p r e s e n t s  t h e  change i n  
t empera tu re  w i t h  r e s p e c t  t o  t ime.  The second term on t h e  l e f t  hand 
s i d e  of t h e  e q u a t i o n  accounts  f o r  t h e  v e r t i c a l  t r a n s f e r  of head due 
t o  a d v e c t i v e  p r o c e s s e s .  The f i r s t  t e rm on t h e  r i g h t  s i d e  of e q u a t i o n  
(3) i s  t h e  measure of h e a t  t r a n s f e r  r e l a t e d  t o  d i f f u s i o n .  The 
remain ing  t h r e e  terms account  f o r  t h e  e x t e r n a l  h e a t  b a l a n c e  of t h e  
r e s e r v o i r ,  t h a t  i s ,  i n f l o w ,  o u t f l o w ,  and i n t e r f a c i a l  h e a t  t r a n s f e r .  
Heat t r a n s f e r  a t  t h e  s o l i d  b o u n d a r i e s ,  i f  s i g n i f i c a n t ,  may be i n c l u d e d  
w i t h  a n  a d d i t i o n a l  t e r m  having t h e  same form a s  t h e  e x t e r n a l  h e a t  source  
term.  

The nex t  s t e p  i n  t h e  s i m u l a t i o n  i s  t o  i n c o r p o r a t e  t h e  c o n s e r v a t i o n  
of mass e q u a t i o n  i n t o  t h e  c o n s e r v a t i o n  of h e a t  e q u a t i o n .  T h i s  i s  
accomplished by expanding t h e  second te rm ( v e r t i c a l  a d v e c t i o n )  by t h e  
p r o d u c t  r u l e  and s u b s t i t u t i n g  e q u a t i o n  (2) i n t o  t h e  r e s u l t  a s  fo l lows :  

1 a(Qv T) - @ + 
T(Qin - Qout) 

A a z A Q v m  A z 

Now, when e q u a t i o n  (4) i s  s u b s t i t u t e d  back i n t o  e q u a t i o n  (3) and 
s i m p l i f i e d  t h e  r e s u l t  is: 



ADDITIONAL CONSIDERATIONS 

Before  p roceed ing  w i t h  t h e  s o l u t i o n  of e q u a t i o n  (5) , f u n c t i o n a l  
d e s c r i p t i o n s  f o r  t h e  in f low-ou t f low r e l a t i o n s h i p ,  d i f f u s i o n  p r o c e s s e s  
and t h e  e x t e r n a l  h e a t  s o u r c e  t e rm must be developed.  

The v e r t i c a l  ou t f low d i s t r i b u t i o n  used i n  t h e  model i s  deve loped ,  
based on methods p r e s e n t e d  i n  WES r e p o r t s  ( 3 ,  8) .  These methods e n a b l e  
a n  a c c u r a t e  p r e d i c t i o n  of t h e  v e r t i c a l  v a r i a t i o n  i n  ou t f low t o  be  made 
f o r  e i t h e r  a we i r  o r  a n  o r i f i c e  t y p e  o u t l e t .  The v e l o c i t y  d i s t r i b u t i o n  
i s  f i r s t  computed u s i n g  t h e  WES p r o c e d u r e s .  The ou t f low p e r  f o o t  i s  
t h e n  developed by m u l t i p l y i n g  t h e  v e l o c i t y  a t  each e l e v a t i o n  by t h e  
r e s e r v o i r  w i d t h .  A complete  e x p l a n a t i o n  o f  t h e  a p p l i c a t i o n  i s  c o n t a i n e d  
i n  t h e  above r e f e r e n c e s .  

When in f low e n t e r s  a  r e s e r v o i r  it  t e n d s  t o  s e e k  r e s i d e n c e  a t  a  
d e p t h  o f  s i m i l i a r  t e m p e r a t u r e  ( d e n s i t y ) .  V e l o c i t y  measurements of  
i n f l o w s  a t  Fon tans  R e s e r v o i r ,  t a k e n  by E l d e r  and Wunderlich ( 7 ) ,  show 
t h a t  t h e r e  i s  a v e r t i c a l  d i s t r i b u t i o n  of  i n f l o w .  T h i s  d i s t r i b u t i o n  
i s  approx imate ly  p a r a b o l i c  and i s  c e n t e r e d  abou t  t h e  e l e v a t i o n  where 
r e s e r v o i r  t e m p e r a t u r e  i s  e q u a l  t o  i n f l o w  t e m p e r a t u r e .  The v e r t i c a l  
l i m i t s  of  t h e  i n f l o w  d i s t r i b u t i o n  a r e  dependent  upon t h e  q u a n t i t y  o f  
f low and t h e  degree  o f  t h e r m a l  s t r a t i f i c a t i o n  e x i s t i n g  i n  t h e  r e s e r v o i r  
p o o l .  Or lob  (11) h a s  s u g g e s t e d  a  method f o r  d e t e r m i n i n g  t h e  v e r t i c a l  
l i m i t s  o f  t h e  in f low d i s t r i b u t i o n  a s  a  f u n c t i o n  of  d e n s i m e t r i c  Froude 
number f o l l o w i n g  Deb le r  's c r i t e r i a .  T h i s  r e l a t i o n s h i p  i s  as f o l l o w s :  

where: 

D = t h i c k n e s s  of t h e  i n f l o w  d i s t r i b u t i o n  i n  f t .  

Q = i n f l o w  i n  c f s .  

W = r e s e r v o i r  w i d t h  i n  f t .  

2  g  = g r a v i t a t i o n a l  c o n s t a n t  = 3 2 . 2  f t l s e c .  

E = s t a b i l i t y  = 1 d P  
P dZ 



The model uses equation (6) to estimate the thickness of the inflowing 
layer, fits a parabolic distribution of inflow velocity between the limits 
and centers this distribution about the point of corresponding density of 
inflow and reservoir. water. If the reservoir surface or bottom restricts 
the distribution, the center-line is moved up or down as required and the 
thickness of the inflowing water is kept constant. The inflow quantity 
distribution is next computed by multiplying the computed velocity 
distribution by the reservoir width at each elevation. Some mixing of the 
reservoir inflow occurs as it enters the pool. Based on model studies 
conducted at WES, this phenomenon is handled by assuming a quantity of 
water from the top layer of the reservoir is entrained and mixed with the 
inflow current. A modified volume and volume-weighted temperature for the 
inflow is computed, based on the assumed quantity of entrainment, prior to 
placement within the reservoir. 

Now, with a knowledge of the inflow and outflow distributions at any 
point in time, the vertical flows (Qv) at any elevation are uniquely estab- 
lished. The relationship may be written as: 

where : 
Qv (Z) = vertical flow at elevation Z in cfs. 

0 
= el.evation of reservoir bottom in ft. 

qin (Z)= inflow of distribution function in cfs/ft. 

Q,,~(Z)= outflow distribution function in cfs/ft. 

Relating equation (7) to the control volume the net vertical flow 
through the control volume ( &) is evaluated as: 

The external heat sources that are considered in the model are the 
seven heat exchange processes which operate at the air-water interface 
and may be written as: 

where : 

H, = the net heat transfer in BTU/F~'/DAY 

H~ = the short wave solar radiation arriving at the water surface in 
B T U / ~ ~ ~ / D A Y .  

H,,= the reflected short wave radiation in BTU/£~'/DAY. 



Ha = t h e  long wave a tmospher ic  r a d i a t i o n  i n  B T U / £ ~ ~ / D A Y .  

Ha, = t h e  r e f l e c t e d  long wave r a d i a t i o n  i n  B T U I ~ ~ ~ I D A Y .  

Hc = t h e  h e a t  t r a n s f e r  due t o  conduc t ion  i n  B T U I ~ ~ ~ I D A Y .  

Hbr = t h e  back r a d i a t i o n  from t h e  wa te r  s u r f a c e  i n  B T U / ~ ~ ~ / D A Y .  

2 He = t h e  h e a t  l o s s  due t o  e v a p o r a t i o n  i n  B T U / ~ ~  /DAY. 

Complete d i s c u s s i o n s  of t h e  i n d i v i d u a l  terms have been p r e s e n t e d  by 
Anderson (1) and i n  Tennessee  V a l l e y  A u t h o r i t y  r e p o r t  No. 14 (14) . A l l  
of t h e  h e a t  t r a n s f e r  mechanisms a t  t h e  w a t e r  s u r f a c e ,  w i t h  t h e  e x c e p t i o n  
of  s h o r t  wave s o l a r  r a d i a t i o n ,  a f f e c t  o n l y  t h e  t o p  one o r  two f e e t  o f  
t h e  r e s e r v o i r .  Shor t  wave r a d i a t i o n ,  however,  p e n e t r a t e s  t h e  w a t e r  
s u r f a c e  and may a f f e c t  w a t e r  t e m p e r a t u r e s  a t  g r e a t  d e p t h s .  T h i s  d e p t h  
of  p e n e t r a t i o n  v a r i e s  from r e s e r v o i r  t o  r e s e r v o i r  and i s  a  f u n c t i o n  of  
a b s o r p t i o n  and s c a t t e r i n g  p r o p e r t i e s  of  t h e  w a t e r  ( 9 ) .  

The method used i n  t h e  model t o  e v a l u a t e  t h e  n e t  r a t e  of h e a t  
t r a n s f e r  a t  t h e  a i r - w a t e r  i n t e r f a c e  h a s  been developed by Ed inger  and 
Geyer ( 5 ) .  T h e i r  method u t i l i z e d  t h e  c o n c e p t s  of e q u i l i b r i u m  t e m p e r a t u r e  
and c o e f f i c i e n t  of s u r f a c e  h e a t  exchange.  The e q u i l i b r i u m  t e m p e r a t u r e  
may be  d e f i n e d  a s  t h a t  w a t e r  t e m p e r a t u r e  a t  which t h e  n e t  r a t e  of  h e a t  
exchange between a  w a t e r  s u r f a c e  and t h e  a tmosphere  w i l l  b e  z e r o .  The 
c o e f f i c i e n t  o f  s u r f a c e  h e a t  exchange i s  t h e  r a t e  a t  which t h e  h e a t  t r a n s f e r  
p r o c e s s  w i l l  p roceed.  The e q u a t i o n  t o  d e s c r i b e  t h i s  r e l a t i o n s h i p  may be 
w r i t t e n  a s  f o l l o w s :  

where : 

Hn = t h e  n e t  r a t e  of  h e a t  t r a n s f e r  i n  B T U / £ ~ ~ / T I K E .  

2  . .  Ke = t h e  c o e f f i c i e n t  of s u r f a c e  h e a t  exchange i n  B T U / £ ~  /TLME. 

Te = t h e  e q u i l i b r i u m  t e m p e r a t u r e  i n  OF.  

Ts = t h e  s u r f a c e  t e m p e r a t u r e  i n  OF.  

Computation of T e ' s  and Kc's i s  dependent  s o l e l y  on m e t e o r o l o g i c a l  
v a r i a b l e s  and i s  o u t l i n e d  i n  t h e  l i t e r a t u r e  (5 ) .  



The evaluation of the external heat source term is completed by 
establishing a relationship for the heating effects of short wave solar 
radiation penetration. Based on laboratory and analytical studies, 
Dake and Harlemen (4) have developed an equation to describe the 
distribution of heat input due to solar radiation penetration below 
the water surface. Their approach is based on a surface absorption 
of the longer wave lengths of radiation and an exponential decay with 
depth for the remaining wave 1.engths of radiation. The equation to 
describe this exponential decay is: 

where : 
g4 (2) = the quantity of radiation arriving at a horizontal 

plane ( z feet below the water surface) in BTU. 

f3 = the fraction of radiation absorbed by the top 2 feet 
of water in the reservoir. 

do = total incoming radiation in BTU. 

X 
-1 

= the average absorption coefficient of the water in ft 

Z = depth below the water surface in ft. 

Guidance in the selection of fl  and A is provided by Dake and Harlemen 
and also in TVA Report No. 14 (14) . 

The final and perhaps the most difficult consideration to be made is 
with regard to the diffusion term. At this time, there is no adequate 
functional representation by which the variations over time and space 
in the diffusion coefficient (K) can be computed "a priori". The approach 
used in the model follows the arguments of Dake and Harleman and Stefan 
and Ford (13). That is, diffusion of heat in the epilimnion is handled 
indirectly by a combination of wind induced and convective mixing processes. 
In the model a coefficient may be used to increase or decrease wind speed 
effects due to fetch length, sheltering and water surface roughness (see 
App. 3 ) .  The result of this procedure is the computation of a uniformly 
mixed eplimnion. Diffusion in the hypolimnion is considered constant and 
may be assumed as equal to molecular diffusion in the absence of better data. 

SOLUTION TECHNIQUE 

Analytical solutions of equation (5) have been accomplished, but 
their practical application is restricted. Numerical methods are the 



t h e  on ly  means by which a  workable  s o l u t i o n  t o  e q u a t i o n  (5) may be  
o b t a i n e d .  The numerical  t echn ique  used i n  t h e  model i s  of t h e  i m p l i c i t  
t y p e .  The s o l u t i o n  r e q u i r e s  t h e  s t i p u l a t i o n  of an  i n i t i a l  c o n d i t i o n  
and two boundary c o n d i t i o n s .  The i n i t i a l  c o n d i t i o n  may be t a k e n  a s  
i s o t h e r m a l  a t  some t ime d u r i n g  t h e  s p r i n g .  The lower boundary c o n d i t i o n  
used i n  t h e  model assumes no h e a t  i s  t r a n s f e r r e d  a c r o s s  t h e  bottom 
boundary.  The upper boundary c o n d i t i o n  assumes t h e  h e a t  exchange a t  
t h e  r e s e r v o i r  s u r f a c e  i s  e q u a l  t o  t h e  n e t  h e a t  t r a n s f e r  a t  t h e  a i r -  
wa te r  i n t e r f a c e  minus t h e  q u a n t i t y  of h e a t  a t t r i b u t a b l e  t o  t h e  s h o r t  
wave s o l a r  r a d i a t i o n  t h a t  p e n e t r a t e s  i n t o  t h e  w a t e r  body. The mechanics 
of t h e  s o l u t i o n  a r e  c a r r i e d  o u t  by beg inn ing  from a  known o r  assumed 
i n i t i a l  c o n d i t i o n  and s t e p p i n g  forward i n  t ime ,  u s i n g  c o n s t a n t  increments  
f o r  h y d r o l o g i c  and meteoro log ic  i n p u t .  

I n  o r d e r  t o  e f f e c t  t h e  s o l u t i o n ,  t h e  r e s e r v o i r  i s  f i r s t  segmented 
i n t o  a f i n i t e  number of l a y e r s  a l o n g  t h e  v e r t i c a l  a x i s .  These l a y e r s  
may be thought  of a s  a  number of c o n t r o l  volumes s t a c k e d  v e r t i c a l l y  
between t h e  r e s e r v o i r  bottom and t h e  s u r f a c e .  Each element h a s  a  
t h i c k n e s s  of A2 and an  average  h o r i z o n t a l  a r e a  dependent on t h e  r e s e r v o i r  
e l e v a t i o n - a r e a  r e l a t i o n s h i p .  Heat and mass b a l a n c e s  a r e  nex t  developed 
f o r  each l a y e r  u s i n g  c e n t r a l  d i f f e r e n c e s  t o  approximate  t h e  d e r i v a t i v e s  
i n  e q u a t i o n  (5) .  The d i f f e r e n c e s  a r e  s u b s t i t u t e d  i n t o  e q u a t i o n  (5) and  
a  d i f f e r e n c e  e q u a t i o n  i s  developed f o r  each  l a y e r .  The r e s u l t i n g  e q u a t i o n s  
have t h e  fo l lowing  g e n e r a l  form: 

iAi+l, t+li Ti+l C(Ai, t f l )  Ti +iAi-1, t+l)  Ti+l = Ti, t + Av + Ex 

(12) 
where : 

4, t + l  = c o e f f i c i e n t  d e s c r i b i n g  internal mixing p r o c e s s e s  

Ti = t empera tu re  of each l a y e r  a t  t ime t + l  

Ti, = t e m p e r a t u r e  of each l a y e r  a t  t ime  t 

4 = t empera tu re  r i s e  i n  l a y e r  i due t o  in f low 

% = t empera tu re  r i s e  i n  l a y e r  i due t o  e x t e r n a l  h e a t  
sources. 

When e q u a t i o n  (12) i s  w r i . t t e n  f o r  each l a y e r ,  t h e r e  r e s u l t s  N 
e q u a t i o n s  (one f o r  each l a y e r )  i n  N unknowns. I n  m a t r i x  n o t a t i o n ,  t h e  
e q u a t i o n s  a r e  w r i t t e n :  



where: 

LAij] = a  t r i - d i a g o n a l  m a t r i x  of c o e f f i c i e n t s  

[Tj] = a  column m a t r i x  of t empera tu res  a t  t ime t+l 

j j  
= a column m a t r i x  of t e rms  on t h e  r i g h t  s i d e  of e q u a t i o n  (12). 

Equa t ion  (13) i s  s o l v e d  and t h e  r e s u l t  i s  t h e  t empera tu re  p r o f i l e  
a t  t ime  tS.1. A more complete d i s c u s s i o n  of t h e  numerical  t e c h n i q u e  i.s 
p r e s e n t e d  by K e l l e r  (10).  

COMF'UTER P R O G X  

The s i m u l a t i o n  of r e s e r v o i r  t empera tu res  a s  d e s c r i b e d  above i s  
accomplished by u s e  of computer programs 722-F5 -E1010, Heat Exchange Pro-  
gram and 722 -F5 -E1011, Thermal S i m u l a t i o n  Program. The Heat Exchange 
Program assembles  t h e  meteoro log ic  d a t a  needed t o  d e s c r i b e  t h e  i n t e r f a c i a l  
h e a t  exchange mechanism. The program t h e n  performs t h e  n e c e s s a r y  c a l c u l a -  
t i o n s  t o  de te rmine  t h e  c l i m a t o l o g i c  i n p u t  t o  t h e  r e s e r v o i r  h e a t  b a l a n c e .  
The o u t p u t  from t h e  f i r s t  program i s  t h e n  used a s  a  p o r t i o n  of t h e  i n p u t  
f o r  a c t u a l  the rmal  modeling of t h e  impoundment. 

HEAT EXCHANGE 

The Heat Exchange Program performs a l l  t h e  computat ions  n e c e s s a r y  t o  
de te rmine  t h e  n e t  r a t e  of h e a t  exchange a t  t h e  a i r - w a t e r  i n t e r f a c e .  
Computati.ons t o  de te rmine  E q u i l i b r i u m  Temperature and C o e f f i c i e n t s  of 
S u r f a c e  Heat Exchange a r e  c a r r i e d  o u t  u s i n g  t h e  methods of Edinger  and 
Geyer ( 5 ) ,  which have been d i s c u s s e d  p r e v i o u s l y .  I n  a d d i t i o n ,  i f  no 
measured v a l u e s  of s h o r t  wave s o l a r  r a d i a t i o n  a r e  a v a i l a b l e  t h e  a p p r o p r i a t e  
computat ions  a r e  made, u s i n g  methods p r e s e n t e d  i n  TVA r e p o r t  No. 14 (14) .  
I n p u t  t o  t h e  program c o r t s i s t s  o f  measured v a l u e s  of c loud  c o v e r ,  wet and 
d r y  bu lb  t e m p e r a t u r e s ,  and wind speed.  A l s o ,  p h y s i c a l  c h a r a c t e r i . s t i c s  
such a s  l a t i t u d e  and l o n g i t u d e ,  and s i t e  e l e v a t i o n  a r e  f u r n i s h e d .  D e t a i . 1 ~  
of t h e  program i n c l u d i n g  a  f low c h a r t ,  v a r i a b l e  d e f i n i t i o n s ,  i n p u t  
d e s c r i p t i o n  and sample o u t p u t  a r e  c o n t a i n e d  i n  Appendi,x A .  

THERMAL SIMULATION 

The Thermal Si .mulation Program t a k e s  t h e  r e q u i r e d  h y d r o l o g i c  and 
meteoro log ic  d a t a ,  assembles  i t ,  and performs t h e  c a l c u l a t i o n s  necessa ry  
t o  de te rmine  t h e  annua l  t empera tu re  c y c l e  f o r  t h e  r e s e r v o i r  under s t u d y .  



The computations are made, based on methods and assumptions discussed pre- 
viously. Input requirements of the model may be divided into four categories 
as site characterization, hydrologic, meteorologic, and water temperature 
data. Site characterization data are composed of reservoir width-elevation 
and area-elevation tables for the reservoir, project latitude and longitude, 
and site elevation. The hydrologic input requirements are daily average 
reservoir inflow and outflow, and daily pool elevation of the impoundment. 
Meteorologic data consists of mean daily values of Equilibrium Temperature, 
wind speed, Coefficient of Surface Heat Exchange and short wave solar 
radiationfrom the Heat Exchange Program. Input data for water temperature 
consists of daily average values of inflow water temperature and the tem- 
perature objective of release water. The geometric configuration of the 
outlet structure is required with reference to the location of various 
levels available for withdrawal. Details of the program including a flow 
chart, variable definitions, input description and sample output are con- 
tained in Appendix B. 

CONCLUSION 

A mathematical model capable of reservoir temperature prediction that 
is relatively easy to use has been presented. Consideration has been given 
to maintaining an accurate representation of the physical characteristics 
of the reservoir under study while adhering to the principles of conservation 
of heat and mass. Results of model verification studies are included in 
Appendix C. It is felt that the model presented offers the best combination 
of approaches to separate phases of the total problem that have been studied 
by various investigators. 
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Appendix A.l 

ELECTRONICCOMPUTER PROGRAMABSTRACT 
I 
T I T L E  OF PROGRAM 1 PROGRAM NO. 

Heat Exchange Pr0swIm 1 722-F5-El010 I - - 1 .- 
PREPARING AGENCY water Quality Section, Engineering Division, U. S .A.E .D. 
Baltimore District, P.O. Box 1'715, Baltimore,-Md. 21203 

AUT HOR(S) DATE PROGRAM COUPLE - 
STATUS OF PROGRAM 

C H A I L :  

Earl E. Eiker I Dec. 1972 1 Revised ( Nov. 1977 
A. PURPOSE OF PROORAM 

To analyze the day to day variations in meteorologic variables at a given 
location and using these variables to compute Equilibrium Temperatures and 
Coefficients of Surface Heat Exchange for use in estimating net heat exchange 
between a water surface and the atmosphere. 

8. PROGRAM SPIIClFlCATlONS 

1. Language - Fortran IV 
2. Input - card only 
3. Output- printer and punched card at users option 
4. Size of Program - 8500 words 
5. External storage - none 
6. Restrictions - none 1 

C. M E T ~ O D S  

Reference: 
Edinger, J. E. and Geyer , J. C., "Heat Exchange in the Environment" 

Dept. of Sanitary Engineering, Research Project no. 49, The Johns Hopkins 
University, Baltimore, Md., June 1965. 

D. EQUIPMENT DETAILS 

Program is written for the Univac 1108 computer but can be adapted to com- 
parable system. Normal configuration of reader/punch and printer required. 
Program is written for batch mode of time share operation. 

t. INPUT- OUTPUT i 
Input consists of physical data to describe the site and mean daily values 
of air temperature, wet bulb temperature, wind speed and cloud cover. 
Output consists of computed values of Equilibrium Temperature and Coefficients 
of Surface Heat Exchange for any time period from one hour to one day. Pun- 
ched card output is compatible with input requirements of program no. 722-F5- 
E1011, "Thermal Simulation Program." 

F. ADDITIONAL REMARKS I 
Complete documentation is available from The Hydrologic Engineering Center. 
Source deck available upon request . 
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Appexdix A . 3  
HEAT EXCHANGE PROGRAM 

DEFINITION OF VARIAB1;ES 

Variables 

A 1  
A l l  
AEV 
AIRT (365)  
AMASS 
AMP 
B V  
BOTEL 
C BR 
C L 
CLoUD (365') 
DEC 

(365) 
DSTL 
DUST 
EA 

ETEMP (365) 
ETEMPl 
FWIND 
HA 
HAB 
HAE 
HAN 
HHS (24) 
HR 
HSD (365) 
HSDAY 
HSN (24) 
IDAY 
IPNCH 
ISW 
LDAY 
m y  
NLAST 
NPER 
NSW 
PETEljrP (24) 
PHI 

Constant i n  S.W. radia t ion computation. 
Constant i n  S.W. rad ia t ion  computation. 
Constant i n  wind speed equation. 
Average da i l y  a i r  temperature i n  OF. 

Optical a i r  mass, dimensionless. 
Amplitude of Equilibrium Temperature var ia t ion.  
Constant i n  wind speed equation. 
Project  elevation i n  f t .  above m s l .  
Constant i n  Bowen Ratio. 
Cloud cover function. 
Average da i l y  cloud cover i n  tenths .  
Declination of sun i n  radians . 
Average d a i l y  dew point temperature i n  OF. 

Time difference between l o c a l  and standard meridians i n  hrs.  
Constant i n  S.W. radia t ion computation. 
Atmospheric vapor pressure i n  inches of Hg. 
Coefficient  of Surface Heat Exchange i n  BTU/FT~/DAY/OF, 
Saturation vapor pressure i n  inches of Hg. 
Equilibrium Temperature i n  OF. 
I n i t i a l  Equilibrium Temperature (IDAY) in OF. 
Wind speed equation. 
Atmospheric radia t ion i n  BTU/FT~/DAY. 
Hour angle a t  beginning of time period i n  radians. 
Hour angle a t  end of time period i n  radians. 
Net atmospheric radia t ion i n  BTU/FT~/DAY. 
Hourly so l a r  radia t ion (hemispheric) i n  BTU/FT~/HR- 
Absorbed radia t ion i n  BTU/FT~/DAY. 
Daily so l a r  rad ia t ion  i n  BTu/FT~/DAY. 
Dally s o l a r  radia t ion i n  BTU/FT~/DAY. 
Hourly so l a r  radia t ion a t  s i t e  i n  BTu/FT2/HR. 
F i r s t  day of computation ( ~ u l i a n )  . 
Eq. 2 i f  punched card output desired,  Eq. 1 otherwise. 
Eq, 1 i f  S.W. rad ia t ion  i s  furnished, Eq. 2 otherwise. 
Last day of computation ( ~ u l i a n )  , 
Day number f o r  computations. 
Number of b i t s  of meteorologic data furnished. 
Length of one period i n  hours. 
Number of b i t s  of S.W. data furnished. 
Period Equilibrium Temperature i n  OF. 

Latitude of project  i n  radians. 
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PKHS (24) 
PHSN (24) 
RATIO 
RFA 

RFG 
RE'S 
SGDAY 
SIG 
SLOPE 
STR 
STS 
SW (365) 
TABS 
TIIm 
WAT 
WIND (365) 
XDAY 
XLAT 
XLONG 
XPER 
XXLONG 

Period so l a r  rad ia t ion  (hemispheric) i n  ETCU/FT~/PERIOD. 
Period sola r rad ia t ion  (net)  in BTU/FT~/PERIOD. 
Relative distance between ear th  and sun. 
Water surface r e f l ec t i on  of atmospheric rad ia t ion  i n  
hundredths. 
Ref lec t iv i ty  of ground i n  hundredths. 
Water surface r e f l ec t i on  of S.W. radia t ion i n  hundredths. 
Mean d a i l y  so l a r  rad ia t ion  (hemispheric) i n  BTU/FT~/DAY. 
Stefan-Boltzmann constant. 
Slope of temperature vs. sa tu ra t ion  vapor pressure curve. 
Standard time of sunr ise  i n  hours. 
Standard time of sunset  i n  hour . 5 Daily so l a r  rad ia t ion  i n  EU/FT /DAY. 
Absolute temperature - 460 OF. 
Time of day i n  hours. 
Mean da i ly  precipi table  water content i n  CM. 
Mean da i l y  wind speed i n  knots. 
Day number f o r  computations. 
Latitude of project  i n  degrees. 
Longitude of project  i n  degrees. 
Length of time period i n  hours. 
Longitude of standard meridian i n  degrees. 

WORKING VARIABLES 

AL, ALF, ALT, AN, B, ETRY (3), KE, RNT, I;E, M, NEX, SIGN, ST, STT, 
SUMH, SUMQ, XI, X2, X3,  X I ,  XM, XTEM, XX, Y I ,  Y2, Y3,  YM. 
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i \ppcndi x A. 4 
tlt.A'T EXCt-IAiIGE PROGKAlYl 

I n p u t  D e s c r i p t i o n  

Card 140. --. 

1  FORMAT (21 10) 

NIIATA - Number of jobs to be run 
I H C J  - Output format; 0 for printer, 1 for LARM model input tile, 

-1 for HEC-5Q input file, -2 for WQRRS input file 

FORMB'T' (20A4) Job t i t l e  - one card. 

AOOC - cons tan t  t o  be added t o  c l oud  cover  (de fau l t=O)  
AUUW - cor is tant  t o  be added t o  w ind  speed (de fau l t=O)  
ADUT - cons tan t  t o  be added t o  d r y  b u l b  temperature 

(de fau l  t=O) 
AObU - cons tan t  t o  be added t o  dew p o i n t  temperature 

(de fau l  t=O) 
CMULT - f a c t o r  t o  be m u l t i p l i e d  t imes c l oud  cover 

( de fau l  t = l  ) 
WMULT - f a c t o r  t o  be ~ l ~ u l t i p l i e d  tirnes w ind  speed 

(de fau l  t = l  ) 
'TMULT - f a c t o r  t o  be m u l t i p l i e d  t imes d r y  b u l b  temperature 

( d e f a u l  t = l  ) 
UIiULT - f a c t o r  t o  be rnul t i p l i e d  tirnes dew p o i n t  temperature 

( d c f a u l  t=1)  

ULAST - IJurirber o f  b i t s  (e.g., days) of rne teoro log ica l  
da ta  furn ished.  Usual ly 365. 

I S \ /  - Equals 1 if s h o r t  wave r a d i a t i o n  fu rn ished ,  equals  2 
o t t ierwi  se. 

i4SW - t4umber o f  b i t s  o f  s h o r t  wave da ta  furn ished.  
IOAY - F i r s t  day o f  computation. Usua l l y  one. 
LDAY - L a s t  day of  computation. Usua l l y  365. 
IPIiCti - Equals 2 i f  punciied c a r d  ou tpu t  des i red,  equals  

1 o t l le rwise.  

fiT'EMP1 - t s t i n i a t e d  i n i t i a l  E q u i l i b r i u m  Temperature i n  
O F .  Usua l l y  use a i r  temperature.  

XPt.K - Lenyt l l  o f  cooiputat iot l  p e r i o d  and o u t p u t  
i n t e r v a l  f o r  s o l a r  r a d i a t i o n  on ly .  Usually 24. 
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AEV - Evaporat ion formula constant  (0 f o r  d a i l y  data) .  
BEV - Evaporat ion formula constant (426 f o r  d a i l y  

data from Lake Colorado City studies) .  
KFS - Ref lected S.N. r a d i a t i o n  i n  hundredths. Only 

used i f  ISW equals 1. (0.05 from Lake l le fner  
Studies). 

f?FA - Ref lec ted  l o r ~ g  wave r a d i a t i o n  i n  hundredths 
(0.03 fro111 Lake t ie fner  Studies).  

FOKEIAT (4F10.2) - ori l i t  t h i s  card  i f  card 12 i s  used. 

BOTEL - t l e v a t i o r ~  of p r o j e c t  i n  f e e t  above sea l eve l .  
XLAT - L a t i t u d e  o f  p r o j e c t  i n  degrees. 
XLONG - Lotlgitude o f  p r o j e c t  i n  degrees. 
KFG - K e f l e c t i v i t y  o f  ground surrounding the  lake. 

This  v a r i a b l e  ef fects r e f l u t e d  s o l a r  r a d i a t i o n  
i n t o  the lake. See t a b l e  on Appendix A.6. 

CLOUD (IILAST) - !+lean d a i l y  c loud cover i n  tenths. 

\IIIJD (I4LAST) - Ivlean d a i l y  wind speed i n  knots. Can be 
be used i n  m,p.h. i f  WMULT on card 3 
i s  equal t o  0.8684. 

A I R T  (IJLAST) - Islean d a i l y  a i r  temperature i n  OF. 

DENT (NLAST) - Mean d a i l y  dew p o i n t  temperature i n  OF. 

S \ I  (NLAST) - To ta l  d a i l y  s h o r t  wave s o l a r  r a d i a t i o n  i n  
Langleys/day. 

FORMAT (12X, 13F5.0) - OPTIONAL 

BP(NLAST) - Barometr ic  p r e s s u r e  needed i f  
o u t p u t  i s  f o r  WQRRS model. 
(Card 1.2 i s  - 2 )  
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Appendix A . 6  
HEAT EXCHANGE PROGRAM 

Table of Values f o r  RFG 

Meadows and f i e l d s  
Leave and needle fo r e s t  
Dark, extended mixed fo r e s t  
Heath 
F l a t  ground, grass covered 
F l a t  ground, rock 
Sand 
Vegetation ea r ly  summer, leaves with high water 

content 
Vegetation l a t e  summer, leaves wZth low water content 
Fresh Snow 
Old Snow 

+:-May be too low 

Reference: 

Tennessee Valley Authority, Division of Water Control Planning, Engineering 
Laboratory, "Heat and Mass Transfer Between a Water Surface and The Atmosphere," 
Water Resources Research, Lab. Rept. No. 14, Norris, Tennessee, July  1967, Rev. 
May 1970. 

Appendix A . 6  





 
 
 
 



Appendix A.8 
Page 1 of 10 



Appendix A.  8 
page 2 o f  10 



Appendix A.8 
page 3 o f  10 



Appendix A.8 
page 4 o f  10 



Appendix A. 8 
page 5 o f  10 



Appendix A.8 
aage 6 o f  10 



Appendix A. 8 
page 7 o f  10 



Appendix A.8 
page 8 o f  10 





Appendix A.8 
page 10 o f  10 
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THERMAL SIMULATION PROGRAM 

722-F5-El011 





APPENDIX B 

THERMAL S I~WLATION PROGRAM 

TABLE OF CONTENTS 

1. Program Abstract 

2 .  Discussion 

3.  Flow Chart 

4. Definition of Variables 

5 .  Input Description 

6 .  Input S e t  Up 

7 .  Sample Input 

8.  Sample Output 



 
 
 
 



Thermal Simulation Program 1 722-F5-E-,1011 
CRECARINO AOONCY 

I Earl E. Eiker 

To determine the annual temperature cycle of an impoundment by means of a 
mathematical accounting of the external and internal heat balance of the 
reservoir due to variations in inflow, outflow and heat transfer between the 
water surface and the atmosphere. 

1. Language - Fortran IV 
2. Input - card only 
3. Output - printer and punched card at users option 
4. Size of Program - 30,000 words (approximately) 
5. External Storage - none 
6 .  Restrictions - none 

The one-dimensional partial differential equations describing the vertical 
variations in temperature within a reservoir are solved using numerical 

Program is written for the Univac 1108 computer but can be adapted to any 
comparable system. Normal configuration of reader/punch and printer are 
required. Program is written for batch mode operation. 

Input consists of the hydrologic, meteorologic and physical parameters uni,- 
que to the site and year under study. Meteorologic input is developed by 
program no. '722-F5-~E101.0, "Heat Exchange Program." 
Output consists of a daily summary of pertinent hydrologic, meteorologic 
and thermal data and vertical temperature structure of the reservoir at se- 
lected time intervals. 

Complete documentation of this program is available from The Hydrologic Engi- 
neering Center. Source deck available upon request. 

t I 

r:,'d"2 2883 CRIV IQU6  EDlTlQN6 ARR OB8QLCTK. Appendix B. 1 



 
 
 
 



APPENDIX B. 2 

THERMAL SIMULATION PROGRAM 

DISCUSSION 

The Thermal. Simul.ation is divided into a main program and five sub- 
routines as follows. 

1. Main Program - The main program is used for assimilation of input and 
set up of the hydrologic, meteorologic and physical data required for the 
simulation. The main program acts as a control for the entire simulation. 
Computations are performed to establish the elevation-area and elevation- 
width relationships for the reservoir. Also, the short wave solar radia- 
tion distribution is calculated for each time step. All subroutines are 
called from the main program with the exception of subroutine WEIR. 

2. Subroutine REG - This subroutine performs the day by day regulations 
of the reservoir in order to meet a specified downstream release tempera- 
ture. Regulation is accomplished by an algorithm which scans existing 
temperature witin the lake and makes the selection of outlets to regulate. 
Regulation is made by using either one outlet, two adjacent outlets or an 
outlet and the flood control conduit. Maximum and minumum release capa- 
bility of the selective withdrawal system and maximum capacity of each out- 
let are considered for regulation. 

3. Subroutine EJM - This subroutine computes the inflow distribution, the 
outflow distribution and quantity of vertical flow generated by the inflow- 
outflow relationship. Outflow velocities for orifice type outlets are com- 
puted. If outf1.0~ from the reservoir is over a weir the actual velocities 
are computed by subroutine WEIR which is called from EJM. 

4. Subroutine WEIR - This subroutine computes the outflow velocity distri- 
bution due to outflow over a weir. Weir flows are considered if ungated 
spillway flow occurs, if a skimmer weir is utilized as the top outlet or if 
the outlet being regulated is not completely submerged. 

5. Subroutine COKE' - This subroutine sets up and solves the simultaneous; 
equations for each layer within the reservoir. After the temperature profile 
has been calculated wind stress is applied to the surface and mixing due to 
wind is computed. If an unstable profile exists at this point a convective 
mixing routine is performed to eliminate the unstable conditions. 

6. Subroutine OUTPUT - This subroutine prints the daily summary table, the 
selected amplified output and the plot of the reservoir temperature profile. 
The frequency of the amplified and profile output are selected by the pro- 
gram user. 

The major input parameters selected by the user are CDIFF, BETA, XNU, 
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UPMIXand WCOEF. Final selection should be based on the model verification 
runs presented in Appendix C of this manual and comparisons of the simu- 
lation output with measured data available in the area under study. If 
enough data is available at a nearby impoundment a verification study should 
be made. The effect of every parameter change has a definite effect on the 
shape of the computed profiles. An increase in CDIFF will result in a 
smoother profile with a less clearly defined thermocline. An increase in 
BETA will result in a cooler epilimnium. An increase in XNU will result in 
a thinner epilimnion. An increase in UPMIX will result in a warmer metalh- 
nion. An increase in WCOEF will result in a deeper epilimnion. Note that 
only one of the studies in Appendix C utilizes WCOEF. At present very little 
information is available to estimate this coefficient. It has been included 
in the model in anticipation of the completion of ongoing work at WES. In 
the meantime if the user desires to consider wind in the analysis a value of 
1.0 should be used (0.0 will eliminate wind from the computations however wind 
data is still required as input). 

If output is desired for use in graphical post-processor routines, tape 11 
and tape 12 are formatted output tapes which can be saved for later processing. 

Appendix B.2 
page 2 of 2 



PHYSICAL APPENDIX 8.3 
FLOW CHART 

THERMAL SIMULATION 
PROGRAM 
APPENDIX 8.3 



 
 
 
 



Appendix B.4 
THERMAL SIMULATION PROGRAM 
DEFINITION OF VARIABLES 

MAIN PROGRAM 

Variables 

A (100) 
AE (J) 
AMP 
AR (100) 
AREA (0 
BETA 

BOTEL 
CD IFF 
CP 
CRSTEL 
CTEMP 
DELZ 
DELl 
DEPTH 
DIFF (100) 
EKK (365) 
EK (24) 
EL (K) 
ELEV (100) 
ETEM (365) 
ETEMP (365) 
FLIN (3,365) 
FLOT (365) 
GAT (365) 

GATOP (N) 

GHT (J) 
GWT (J) 
HSN 
IDATA 
INPER 
IPNCH 

ITYPE 

JECHO 

JJFMT 

2 Planar areas at center of layer in ft . 
Outlet area in S.F. (J-NOUTS). 
Amplitude of daily variation in equilibrium temperature. 
Planar areas at top of layers in ft2. 
Area points, maximum K=100 (K=NAREA). 
Amount of short wave radiation retained in top layer in 
percent/100. 

Bottom elevation of reservoir in ft/sld. 
Constant diffusion coefficient in ft2/day. 
Specific heat of water - 1.0 BTU/£~~/~F. 
Spillway crest elevation in ft/sld. 
Constant initial temperature of reservoir in OF. 
Thickness of top layer in ft. 
Thickness of top layer in ft. 
Depth of water in ft. 
Diffusion in ft2/hr. 2 
Mean daily coefficient of surface heat exchangg in BTU/£~ /day. 
Coefficient of surface heat exchange in B~~/ft'/~eriod. 
Elevation Points, maximum K=100 (K=NAREA). 
Average elevation of layers in ft/sld. 
Mean daily equilibrium temperature in OF* 
Equilibr iurn temperature for simulation period in OF- 
Mean daily inflows in cfs. 
Mean daily inflows in cfs. 
Gate opening in ft. (controlled spillway) 
For an uncontrolled spillway - 0 = No spillway flow 

1 = Spillway flow 
Gate operation in ft. or whether or not spillway flow 
occurs. 
Port height in ft. (J=NOUTS). 
Port width in ft . (J=NOUTS) . 
Net short wave radiation in B~LJ/ft~/~eriod. 
Number of jobs to be run. 
Counter for daily print cycle. 
Set equal to 1 if punched card output. 
Set equal to 0 if no punched card output. 

Set equal to 1 for uniform temperature conditions (initial). 
Set equal to 2 for variable initial temperature conditions. 

Set equal to 0 for no input data listing. 
Set'equal to 1 if input data listing desired. 

Set equal to 1 for hydrologic data in 8 F 10.2 format. 
Set equal to 2 for hydrologic data in USGS format. 
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J JGAT 

KDATA 
KWEIR 
LOL (J) 
N 
NAREA 
NDATA 
NDAY 
NDDD 
NDPN 
NDPT 

NIFLO 
NL 
NLAST 
NLAY 1 
NLPNT 
NNL 
NOUTS 
NPER 
NPRE 

NSTRT 
NDSEL (48) 
NSP 
NWR 
NVER 
OCAP 
OMIN 
OTEMP (19) 
PCAP (J) 
PER 
PFLOW (J) 
PLEL (N) 
QIN (N) 
O U T  (N) 
REW (K) 
RO 
ROW (I) 
SCAP 
SFCE (365) 
SMIN 
SPWTH 
SRT (100) 
SSW (365) 
SW (24) 
TAR (365) 

Set equal to 0 if no GAT data furnished. 
Set equal to 1 if GAT data furnished. 

Set equal to 0 if weir coef.claculated. 
Set equal to 1 if submerged weir flow coefficient to be used. 
Set equal to 2 if free weir flow coefficient to be used. 

Count of job being executed for multiple job runs. 
Print control for type of weir flow. 
Layer number at center line of each outlet (J=NOUTS). 
Counter of periods per day (24 maximum). 
Number of points on area - elevation table. (maximum - 100). 
Number of hydrologic data bits furnished. 
Counter of day number (365 - maximum). 
Counter of days between specified selected printout. 
Counter of days between selected printout. 
Frequency of selected printout in days, equals 0 if day 
numbers are specified. 

Number of tributary inflows. 
Present period number of layers. 
Last day of simulation. 
Number of layers on first day of simulation. 
Frequency of vertical printout, 
Previous period number of layers. 
Number of outlets (Maximum = 16) 
Number of periods - periods per day (Maximum = 24) 
Eq. 1 if multiple jobs change CDIFF, XNU, BETA, WCOEF and UPMIX 
Eq. 0 for complete data sets. 

First day of simulation. 
Specified days for selected printout. 
Equals 1 for controlled spillway, equals 2 for uncontrolled. 
Equals 0 for orifice at top outlet, equals 1 for weir. 
Equals 0 for simulation, 1 for verification. 
Maximum outlet capacity in cfs. 
Minumum flood control conduit outflow in cfs. 
Temperature at center line of each outlet in OF* 
Maximum port capacity in cfs. (J-NOUTS) 
Number of periods per day (PER = NPER) 
Peak flow for hydropower generation in cfs. 
Pool elevation in ftlsld per period. 
Inflow per period in cfs. 
Outflow per period in cfs. 
Reservoir width points, maximum K = 100 (K = NAREA). 
Specific weight of water 62.4 lb/ft3. 
Reservoir widths at delz increments in ft. 
Selective withdrawal system capacity in cfs. 
Mean daily pool elevation in ftlsld. 
Minimum selective withdrawal system release in cfs. 
Effective spillway width in ft. 
Temperature rise due to S.W. radiation in ach layer in OF* B Daily total short wave radiation in BTU/ft 4d?~= 
Period total short wave radiation in ~TlJlf t I peFiod 
Mean daily target temperature in OF. 
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TARGET (N) 
TEMP (100) 
TEMP1 (I) 
TFLI (3,365) 
TIN (N) 
TITLE (100) 
TW 
UPMIX 
WCOEF 

WIND (365) 
WR (J) 
XNU 
XPER 
XWIND 
YTEMP (100) 
z (100) 
ZCLE (J) 

Target temperature per period in OF. 
Present period temperature profile in OF. 
Initial Temperature if variable in OF (1 = NLAY1) 
Mean daily inflow temperature in OF. 
Inflow temperature per period in OF* 
Array of job titles (5 Cards). 
Reservoir width at spillway elevation in ft. 
Inflow mixing coefficient 
Wind speed coefficient - direct multiple of wind speed to account; 
for effects of sheltering, fetch, water surface roughness, etc. 

Mean daily wind speed in mph. 
Reservoir width at each outlet in ft. (J=NOUTS) 
Light extinction coefficient in ft-1. 
Length of simulation period in hours. 
Average wind speed per period in mph. 
Previous period temperature profile in OF. 
Distance from surface to bottom of layer in ft. 
Outlet centerline elevation in ft/sld (J=NOUTS). 

WORKING VARIABLES 

AFL, ARF, ATRY, HOLDB, HQ(200),IDON, IJJ, IKK, IKE, J, JCNT, JSTR, KA, KAR, 
KNL, KOEL, LN, LNL, LOC, LPER, My MOO, NAY NAP, NAPT, NDDD, NDEL, NHL, NIFL, 
NIFP, NLR, NPSAV, NRlSE, NSLC, SAAV, SLL, SUM, TOT, U(200), W, X, SDAY, XPSAV, 
XNL, ZAP, ZSOL 

Subroutines called: 

1. REG Determines outlets to regulate temperature to meet downstream 
objectives. 

2. EJM Computes withdrawal zone thickness for an orifice outflow. 

3. COMP Solves simultaneous equations. 

4. OUTPUT Prints output. 

5. WEIR Computes withdrawal zone for outflow over a weir; called from 
EJM. 
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SUBROUTINE REG - 
Variables 

DELT 
KOUT (2) 
NNN 
NO0 
NOS 
NOUTSl 
OFLOW 
OTEM (19) 
QMIX (2) 
QZZ (2) 
SPILL 
TMIX 

Difference between TMIX and TARGET. 
Number of outlets being regulated. 
Number of outlets open. 
Number of outlets open. 
Number of outlets open. 
(NOUTS + 1) Outlet number assigned to spillway. 
Outflow, conduit only, in cfs. 
Temperature at center line of each outlet in OF. 
Flow from each outlet in cfs. 
Specified flow from each outlet in cfs. 
Spillway flow in cfs. 
Estimate of mixed temperature due to regulation of 

outlets in OF. 

WORKING VARIABLES - REG 

CHECK, E A Y ,  LO, L001, NLOO, NV, NVER, QT, QX1, QX2, XI, XX, W. 
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SUBROUTINE EJM 

Variables 

A0 
AV 
CREST 
CD 
DOC 

DRHOS 2 > 
DRHOB 

DRHOS 

DRHOI M 

G 
GBT 
H 
HLIM 
HOR 
HRATIO 
HTEST 
HT RY 
IADD 
LAYER 
LIL 
LIU 
NC LD 

NHLIM 
NHOR 
NOVER 
NWAT 
NWHO 
NZLL 
NrnL 
OVER 
PARAM ( 1 00 ) 
PL A 

POOL 
Q 

Area of o r i f i c e  opening i n  s . f .  
Average veloci ty  through o r i f i c e  i n  f t / sec .  
Elevation of top of ~ i e i r  i n  f t y s l d .  
Coefficient of discharge f o r  weir. 
Ver t ical  s h i f t  of the ,~i thdrawal  l i m i t  i n  f t .  
Density difference of f l u i d  between the layers  of the  

o r ig ina l  withdra~~dal l i m i t  and the  sh i f t ed  withdrawal 
l i m i t .  

Density difference between o r i f i c e  center  l i n e  and bottom 
boundary of withdradal zone. 

Density difference between o r i f i c e  center l i n e  and f r e e  
suiface.  

Density difference betxeen maximum ve loc i ty  and l oca l  
ve loc i ty  i n  withdrawal l ayer .  

Density difference between max. ve loc i ty  and lower l i m i t  
of withdrawal zone. 

Density difference between max. ve loc i ty  e levat ion and 
upper l i m i t  of withdrawal zone. 

Density difference between o r i f i c e  center l i n e  and lower 
l i m i t .  

Density difference between o r i f i c e  center  l i n e  and upper 
l i m i t  . 

Acceleration due t o  gravi ty  (32 .2  f t / sec2)  
50% of the height of an o r i f i c e  gate i n  f t .  
Total thickness of withdrawal zone i n  f t .  
Ver t ical  distance of overlap of ve loc i t y  p ro f i l e s  i n  l ayers .  
Ver t ical  distance between o r i f i c e  center l ines  i n  l ayers .  
Extent of overlap of the  two withdrawal zones. 
Densimetric froude number. 
Densimetric froude number. 
Number of l ayers  inf lox d i s t r i bu t i on  i s  sh i f t ed .  
Layer with density corresponding t o  densi ty  of inflo.1. 
Layer of lor.rer l i m i t  of in f lov  d i s t r ibu t ion .  
Layer of upper l i m i t  of in f lo . "~  d i s t r ibu t ion .  
No. of l ayers  from xa te r  surface t o  center l i n e  of 

o r i f i c e .  
Ver t ical  distance of overlap of veloci ty  p ro f i l e s  i n  l ayers .  
Ver t ical  distance between o r i f i c e  center l ines  i n  layers .  
Number of l ayers  where outflow exceeds l ayer  volume. 
Ver t i ca l  s h i f t  of the  dithdrawal l i m i t  i n  l ayers .  
Ver t ical  s h i f t  of the  withdrawal l i m i t  i n  l ayers .  
Elevation of lower l i m i t  of withdrawal zone i n  f t / s l d .  
Elevation of upper l i m i t  of withdrawal zone i n  f t / s l d .  
Quanti ty of outflod i n  excess of l aye r  vol~unes. 
Density a r ray  of the reservoir  by layers .  
Ver t ical  distance from pool e levat ion t o  top  of the  

o r i f i c e  i n  f t .  
Elevation of wa.ter surface i n  f t / s l d .  
Total diskharge through o r i f i c e  i n  c f s .  
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QLAY 
QOUTL (365) 
QOT (2, 100) 
QVERT (100) 
RHO0 

RHOS2 
RHOVM 
RW 
s Q 
STAB 
THD 
THICK 
VAVG 
v (100) 
Vl (100) 

VLAY 
VRAl 

vv (2, 100) 
WHAT 
WHERE 
WHO 
WTEMP (100) 
XLW 
XPL 

ZCLO 
ZDEL 
ZMV 
z S 

Z1H 
z1 
22 
ZONE 

Layer inflow in f t3Iperiod. 
Array of discharge per layer in cfs. 
Array of discharges for 2 outlets in cfs. 
Array of discharges along vertical axis in cfs. 
Density at orifice center line elevation. 
Density of fluid at the layer of the original withdrawal 
limit. 

Density at maximum elevation in the withdrawal zone. 
Width of reservoir in ft. 
Total discharge for all ports open in cfs. 
Stability of reservoir. 
Vertical dimension of inflow in layers. 
Vertical dimension of inflow in ft. 
Average Velocity in any layer. in ftlsec. 
Array of velocities in entire layer system in ftlsec. 
Array of velocities at any layer below max. velocity 
in ftlsec. 
Array of velocities at any layer above max..vCloci~y 
in ftlsec. 
Average velocity in the zone of overlap of the lower 
withdrawal zone in ft/sec. 
Average velocity in the zone of overlap of the upper 
withdrawal zone in ftlsec. 
Layer volume in ft3. 
The ratio of a local velocity to the max. velocity 
below the maximum velocity elev. 
The ratio of a local velocity to the max. velocity 
above the maximum velocity elev. 
Array of outflow velocity for two outlets in ftlsec. 
Vertical shift of the withdrawal limit in layers. 
Vertical shift of the withdrawal limit in layers. 
Vertical shift of the withdrawal limit in ft. 
Previous period temperature plus solar radiation in OF. 
Width of spillway or width of gate used as weir in ft. 
Vertical distance from pool elev. to a point above the 
top of a gate. 
Vertical distance from orifice center line to bottom 
boundary in ft . 
Elevation of orifice center line in ftlsld. 
The elev. of the max. velocity in withdrawal zone in layers. 
Elevation of max. velocity in withdrawal zone in ft. 
Vertical distance from orifice center line to free surface 
in ft. 
Zl/H 
Vertical distance from orifice to lower limit in ft. 
Vertical distance from orifice to upper limit in ft. 
Vertical distance of overlap of velocity profiles in ft. 
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WORKING VARIABLES - EJM 

ASQ, B y  BIGED, BSQ, BTEST, BTRY, C ,  DELIN, DELQ, DISTR, DZ, F I F J ,  I D ,  INEX, 
I S ,  JJ, K, KK, KR, K1, L I P ,  LL, L 1 ,  MEAN, ML,MLL, MUL, MMM, MMN, MN, NASQ, 
NBSQ, NH, NLL, NLL2, NNN, NOX, NUL, NIJLZ, NY1, NYlM, NYI, NZD, NZD1, NZMV, 
STEST, STRY, SUM, SUM1, SUM2, SUMIN, SUMIQ, SUMQ, TEST, TRY, VLAY, XD, X I ,  
XLEFT, XML, XR, XRAT, XNH, XHY, Y1, Y2, YlM, YlMH, Y2M, YDlM, YD2M, Y I ,  Z lLL,  
ZlLU, ZZLL, ZZLU. 
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SUBROUTINE WEIR 

Variables 

AW 
DELD 

DEPL 

DRHO 

H W 
KWEIR 

LVM 
ML 

Q w 
RHOW 
SUMl (100) 

2 Cross sectional area of flow over weir in ft . 
Density difference between the crest of the weir and the 
lower limit of the withdrawal zone. 
The distance from the free surface to the lower limit of 
the withdrawal zone in layers. 

Density difference between the layer of maximum velocity 
and the corresponding Iayer of local velocity. 
The head on the weir or the depth of flow over the weir. 
Equals 1 if submerged weir flow considered, equals 2 if 
free weir flow considered. 
The layer number that contains the maximum velocity. 
The distance in layers from the weir crest to the lower 
limit of the withdrawal. zone. 

Discharge over the weir. 
Density at the weir crest. 
The dimensionless velocity distribution for the portion 
below the maximum velocity. 
The dimensionless velocity distribution for the portion 
above the maximum velocity. 
The maximum velocity in the zone of withdrawal in ft/sec. 
The average velocity over the weir in ft/sec. 
The verti.cal distance in feet from the maximum velocity 
to the lower limit of the withdrawal zone. 

The vertical distance in feet from the maximum velocity 
to the upper limit in the withdrawal zone. 

The vertical di.stance in layers from the maximum velocity 
to the lower limit of the withdrawal zone. 
The distance from the elevation of the weir crest to the 
lower limit of the withdrawal zone in feet. 

WORKING VARIABLES - WEIR 

BDFR, DEN, DENZ, DEPF, DEF, EXZ, LDEP, LL, LVM1, LYlF, NYlL, SAM, SAM1, 
SAM2, Y1, Y2, YS1 
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SUBROUTINE COT@ 

Var iables 

ALG 1 (100) 
ALG 2 (100) 
AVT 
COEF (100, 3) 
EKIN 
EPOT 
FORCE (1.00) 
MIXl 
MIX2 
MIX3 
QHEAT 
SHEAR 
SHEAT 
SHVEL 
SUMV 
TOUT 
T SURF 
YAVT 

Computed coefficient for solution algorithm. 
Computed coefficient for solution algorithm. 
Average reservoir temperature in OF. 
Matrix coefficients. 
Kinetic energy in wind mixing computation. 
Potential energy in wind mixing computation. 
Computed values for right side of difference equations. 
Mixing depth for epilimnion in layers. 
Mixing depth for hypolimion in layers. 
No. layers to be mixed internally to produce stable profile. 
Temperature rise of reservoir due to advection in OF* 
Shear stress on surface due to wind. 
Temperature rise of reservoir due to surface heating in OF. 
Shear velocity on surface due to wind. 

3 Reservoir volume in ft . 
Outflow temperature in OF* 
Surface temperature in OF. 
Average reservoir temperature for previous time period in OF. 

WORKING VARIABLES - COMP 

CNTR, D, DEN1, DEN2, DIST, ETE, HOLDL, HOLDU, K, KFLAG, KL, KLOOP, KN, KNL, 
LM, LN, LNM, My QVBOT, QVL, QVTOP, QVU, SMT, SUMVT, TI, T2, TEMPL, TEMPU, 
TFN, TMPMX, V2, VLA, VLEFT, VO, V01, VOLL, VOLU, W1, XI, ZD 
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SUBROUTINE OUTPUT 

Var i ab le s  

PLOT (71) 
SAVE (71) 
B (100) 

WORKING VARIABLES - OUTPUT 

Var iab le  i n  p l o t  rou t ine .  
Var iab le  i n  p l o t  r o u t i n e .  
Layer a r e a s  i n  AC-FT. 

ITP, KPLOT, KXX, LINES, LN, LNP, NN, NOU, NTO, SCALE 

Appendix B. 4 
page 10 of 10  



APPEiiDIX B.5 
THERMAL SIMULATION PROGW1 

Input Description 

Card 140. -- 
FORMAT (110) No. jobs t o  be run. 

FORMAT (20A4) Job t i t l e  - f ive  cards. 

NSTRT - 1 s t  day of simulation. Usually i n  the spring;  
about 90. 

NLAST - Last day of simulation. Usually in the f a l l  ; 
about 300. 

NOUTS - Number of ou t l e t s  f o r  se lec t ive  withdrawal 
(max. 16) 

I ,~AREA - iiunber pts .  furnished fo r  elev., area, width 
curves. 

IIDPT - Iqurnber dags between p ro f i l e  ou.t;put (0 i f  day 
numbers specif ied by card no. 16) 

NLP12IT' - Vertical frequency of p ro f i l e  output. Usually one. 
IPiJCH - Equals 1 fo r  punched card output, equals zero other- 

wise. Usually zero. 
NPRE - Equals 1 f o r  data change of CDIFF, XNU, BETA, 

UPMIX and k/COEF f o r  addit ional  job runs, equals 
0 i f  additional data i s  read i n  coniplete se t s .  
I f  1 i s  used, on the next job following cards 
22 read 5 t i t l e  cards and 1 card w i t h  CDIFF, 
X N U ,  BETA, UPMIX, WCOEFF ( 5F10.2) 

1. NLAYl - riurnber layers 1 s t  day of simulation. The top 
layer  wi l l  always be g rea te r  than o r  equal t o  
2 feet .  

2. ITYPE - Equals 2 f o r  variable i n i t i a l  temperature 
condition, equals 1 otherwise. 

3. l iPER - tiumber periods per day. Usually one. 
4. ilDATA - Number hydrologic & meteorologic data points. 

furnished. Usually 365. 
5. iiSP - Code t o  describe spillway, 1 f o r  controlled,  

2 f o r  uncontrolled. Defines type of  flow; t a i n t e r  
gate is t reated l i ke  an o r f i c e  flow. 
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6. NWR - Code t o  descri be top out let ,  1 f o r  wei r, 0 f o r  
o r i f i ce .  (Spil lway i s  not  defined as an out le t ) .  

7. NVER - Equals 1 f o r  ve r i f i ca t ion ,  equals 0 f o r  simu'la- 
tion. This value controls the input o f  card 22. 

8. NIFLO - llumber o f  t r i b u t a r y  inflows. A t  l eas t  one i s  
i s  required. (maximum o f  3 t r i bu ta r i es )  

1, JJGAT - Equals 1 f f  card 12 included, equals 0 
otherwi se. 

2. JJFMT - Equals 1 f o r  8F10.2 format, equals 2 f o r  USGS 
format on cards 8-13 

3. JECHO - Equals 1 i f  inpu t  data l i s t i n g  desired, equals 
0 otherwise. 

4. JWEIR - Code t o  describe wei r  coef f ic ient ,  equals 0 
f o r  computed, 1 f o r  submerged, 2 f o r  f ree we i r  
flow. 

PHYSICAL INPUT 

6 FORMAT (8F10.5) 

XPER - Length o f  one time per iod i n  hrs. Usually 24. 
DELZ - Depth o f  one layer  i n  ft. 
BOTEL - Bottom elevat ion of reservo i r  i n  f ee t  above sea level .  
XNU* - L igh t  ex t inc t ion  coe f f i c i en t  i n  f t~ '  
BETA* - Fractf on o f  SW RAD placed i n  top layer, BETA 

a t  2 feet. 
TW - Ef fec t i ve  reservo i r  width a t  spi l lway crest  

i n  ft. 
CDIFF* - Di f fus ion c o e f f i  c i en t  i n ft2/day. 
CTEMP - I n i t i a l  reservo i r  temperature i f  constant 

i n  OF. Only used i f  ITYPE=l. 

FORMAT (8F10.2) 

1. CRSTEL - Spil lway c res t  e levat ion i n  f ee t  above sea level .  
2. SPWTH - Ef fec t i ve  sp i l lway width i n  ft. Subtract f o r  

p i e r  width. 
3. OCAP - Out le t  works capacity (max) f o r  f l ood  control  

i n  cfs, This i s  the bottom out le t .  
4. SCAP - Selective withdrawal system capacity (max.) i n  

cfs. 
5. OMIN - Minimum f lood  con t ro l  conduit release i n  cfs. 
6. SMIIl - Minimum se lect ive withdrawal system release 

i n  cfs. 
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7. UPHIX*+ - I n f l o w  n i x i n g  c o e f f i c i e n t  i n d i c a t i n g  q u a n t i t y  
o f  top l a y e r  water  t o  be en t ra ined (e.g, i f  
UPi4 IX  equals 0.5 a q u a n t i t y  o f  water  equal 
t o  1/2 the i n f l o w  volume w i l l  be withdrawn 
from the top l a y e r  ,and mixed w i t h  the  i n f l o w )  

8. WCOEF*+ - C o e f f i c i e n t  t o  modify wind speed t o  accounG 
f o r  fe tch ,  she1 te r i ng ,  over  water  e f f e c t s ,  etc.  

* Several values der ived i n  f i e l d  o f f i c e  a p p l i c a t i o n  are 
shown i n  Appendix C.3. 

+ Use zero i f  t h i s  value i s  n o t  t o  be considered i n  the 
c a l c u l a t i o n .  

HYDROLOGIC IiiPUT 

8-1 3 FORI4AT (SF10.2) or  (15X, SF7.0, 9X) - Defined on Card 5; 
J J FfjT 

0 
U FLIi'l (PIIFLO, NDATA) - i n f l o w s  beginning Jan. 1 ( d a i l y )  

i n  cfs. 

9 TFLI (NIFLO, IiDATA) - i n f l o w  temperature i n  "F. 

10 FLOT' ( id  DATA) - out f lows i n  cfs.  

11 TAR (illiA'TA) - ou t f l ow  temperatures i n  OF. 

12 GAT (IUATA) 
(Opt ional  ) - s p i l l w a y  operat ions, a p o s i t i v e  value 

i n d i c a t e s  s p i l l w a y  f low, a 0.0 
i n d i c a t e s  no s p i l l w a y  f l ow  f o r  day, 
i f  s p i l l w a y  i s  gated,posi t ive value 
should be gate opening i n  ft. ( i nc lude  
o n l y  i f  JJGAT equals 1 on card 5)  

13 SFCE ( i lDATA) - pool e leva t i ons  i n  ft. above sea l eve l .  

~ i o t e :  Cards 8-13 are read i n  complete sets. - 
Cards 8-9 are repeated f o r  each t r i b u t a r y  in f low,  
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RESERVOIR GEOMETRY - Not necessari ly a t  the top o f  each layer. These cards 
are input  from the ground elevat ion t o  the highest water 
surface expected. 

14 FORMAT (3F10.2) Q: 1 card f o r  each po in t  

EL (NAREA) - Elevation o f  area w i th  width pts. i n  f ee t  
fee t  above sea leve l .  

AREA (NAREA) - Surface area a t  EL i n  acres Should not  be 
zero. 

REW (NAREA) - E f fec t i ve  reservo i r  width a t  EL i n  ft. 

OUTLET DESCRIPTION - These cards are input  from the lowest o u t l e t  f i r s t  t o  
the highest out le t .  

15 FORMAT (6F10.2) Note: 1 card f o r  each o u t l e t  (max. 16) 

ZCLE (NOUTS) - Elevation center l i n e  o f  o u t l e t  i n  ft. above 
sea leve l  o r  i n v e r t  o f  weir i f  top ou le t  i s  
an overflow weir. 

AE (NOUTS) - Area o f  o u t l e t  i n  ft . 
GHT (NOUTS) - Height o f  o u t l e t  i n  ft. 

GWT (NOUTS) - Width o f  o u t l e t  i n  ft. 
WR (NOUTS) - Reservoir width a t  center l i n e  o f  o u t l e t  

i n  ft. 
PCAP (NOUTS) - Maximum Port  capacity i n  cfs. 
PFLOW(N0UTS) - Peak f low i n  c f s  occuring during hydropower 

generation. I f  t h i s  value i s  pos i t ive ,  i t  
w i l l  def ine the reservo i r  withdrawal zone. 
I f  t h i s  value i s  blank o r  zero, the withdrawal 
zone i s  defined by the f low data on e i t h e r  card 
10 o r  22. 

SPECIFIED DAYS FOR SELECTED PRINTOUT (OPTIONAL) 

16 FORMAT (1 61 5) 

NDSEL (48) - Ju l ian  day numbers f o r  selected output. 

Note: 3 cards always needed w i th  l a s t  spec i f ied day always equal t o  day - 
number 365. Set NDPT=O on card 3 i f  card 16 i s  used. 

INITIAL TEMPERATURE 

17 FORMAT (8F10.2) 

TEMP1 (NLAY 1)-  I n i t i a l  temperature values f o r  each layer  
i n  OF. (Read from bottom t o  top) 

Note: Card 17 t o  be deleted f o r  isothermal i n i t i a l  condi t ion (i.e., I[TYPE=l) - 
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ETEMP (JDATA) - Equilibrium Temperatures in O F .  

E K K  ( i i i r A T A )  - Surface heat exchange coef f i c ien t s  i n  BTU/ 
ftZ/day. 

20 FORiWT (16F5.1) 

XWIi iU (i4DATA) - rilean dai ly  wind speed i n  mph. 

SS:4 (iIDATA) - Short wave s o l a r  radiat ion i n  ~ ~ u / f t ' / ~ e r i o d .  

iiote: Cards 18, 19, 20 and 21 are  output from HEAT EXCHANGE PROGRAM. 

STIPULATED OUTFLONS - Omit these cards i f  ilVER=O. 

22 FCliil.iAT (16F5.0) 

QZZ (IIuUTS) - Outflow f o r  each o u t l e t  (one card per day) 
in cfs .  First card i s  f o r  f i r s t  day of 
ve r i f i ca t ion  (i .e., :ISTRT). 

iiote: Card 22 f o r  ve r i f i ca t ion  runs fo r  da i ly  time periods only. Outlets  
a re  numbered from bottom t o  top with discharge from o u t l e t  no. 1 
placed in f i r s t  5 colunn f i e ld .  I f  l e s s  than 16 ou t le t s  a re  
speci f ied  only t h a t  number (IIOUTS) of columns are used. 
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GEOMETRIC ELEr-1ENTS FROh? CROSS SECTION COORDIFIATES 

INTRODUCTION 

1,  ORIGIY OF PROGRAV 

This program was developed a t  the Hydrologic Engineerin4 Center 

by W i  11 iam A. Tbomas. 

2. PURPOSE OF PROGRAFI 

The purpose of this program i s  t o  prepare tables of hydraulic 

elements f o r  use by the computer program "Gradually Varied Unsteady 

Flow Profiles." I t  reads data coded in  the standard format f o r  "Water 

Surface Profi les ,  HEC-2" and produces tables of hydraulic elements for  

nodal points spaced a constant distance aoart. The fol lowinq hydraulic 

elements a re  calculated fo r  each water surface elevation specified i n  

the table:  Cross sectional area, hydraulic radius t o  the 2/3 Dower, 

top width, average n-value, and velocity dis t r ibut ion factor.  In addition 

to  ~ r i n t i n g  the hydraulic elements as each cross section i s  processed, 

the tables  of hydraulic elements i n t e r ~ o l a t e d  f o r  each node are  printed 

and the user may e l e c t  t o  have these tables also punched on cards. 

D?r)G!?AV IESSIPI 

1. CP.p4qILITY OF COMPUTER PROGMW 

In $,later surface nrof i le  calct~lat ions i t  i s  imqortant to  model 

conveyance. T h i s  somstimss resu l t s  i n  cross sections ~erclich end a t  a 

flow boundary rather  tllan ax te ld fnq  a11 the way t o  t+e  biqh around, 



as i l lustrated in figure No. 1 .  In unsteady flow profile 

calculations i t  i s  necessary to also model the convevance. However, 

there i s  the additional requirement t h a t  storaae i n  the reach must be 

modeled also. ?+is dual requirement i s  fu l f i l led  by assigning limits of 

flow t o  any cross section which m i q h t  not convey flow over i t s  ent i re  

- cross sectional area. The entire area i s  avai l a b l e f o r  storaqe , however. 

The elevations i n  the hydraulic elements table are s ~ e c i f i e d  a t  

the downstream end of the study area. These may be projected section 

by section to the upstream end on a horizontal l ine,  o r  a sloping line 

may be used. Oftentimes the number of elevations required to  specify 

the geometric model can be reduced i f  a sloping computation g r i d  i s  

utilized. The slope may be changed a t  any cross section i n  the study 

area or may be based on the stream's channel bed slope. 

Vormal ly,  the interpolation t o  establ ish computation nodes i s  

done based on the main channel length. However, i f  another length would 

be more appropriate, these values may be specified for each cross section. 

This does not change the reach lengths used i n  computation of volume or 

accumulated surface area. Rather, the so-called "weighted" 1 engths are 

desianed t o  be more along the center of the flow and are only used i n  

locating nodes. 

Ineffective area may be specified just as i t  i s  i n  the data for water 

surface profile calculations. This area i s  considered to  be ineffective 

both for  conveyinq and storing water until the water surface rises to  a 

certain minimum elevation. Above this  elevation the area i s  no longer 

considered to be ineffective. I t  i s  utilized both i n  conveyance and 

storage calculations. 

2 



areas marked S 

c-- 

Limits of Flood Plain 

Fig. 1 Plan View of River and Flood Plain 



The unsteady flow routing model permits n t o  vary w i t b  elevation b u t  

only one value may be specified fo r  the en t i r e  cross section a t  each 

elevation, However, i n  most steady flow calculations f a r  water surface 

profi les ,  different  n-values may be used in tbe overbanks and main 

channel. This program accepts n-values specified in the normal way 

and calculates a composite n fo r  each elevation based on conveyance. 

The interpolated values for  top width a re  calculated from accumulated 

volume i n  the study reach rather than the cross section w i d t h  a t  the 

water surface. This insures t h a t  the correct volume i s  preserved in the 

geometric model. 

2. PROGRAM ORGAMIZATIr)'! 

The functiorlal and ornanizational flow chart i s  sho3.in i n  f isure  2. 

4 t ~ o  pass com~utation procedure is  used. 9urinq the f i r s t  pass, i n ~ u t  

data i s  read section bv section, and hydraulic element tables of area, 

hydraul i c  radius t o  the 2/3 Dower, water surface w i d t h ,  com~osi t e  n-val ue , 

the veloci tv dis tr ibut ion factor ,  surface area, and volume are calculated, 

stored and printed out fo r  each cross section. The position of each 

cross section i s  located i n  terms of distance t o  the downstream hnundary 

usinq e i the r  the channel lenqth or weiqbted lenqth - i f  those values are 

snecified. nf te r  the f inal  cross section has been processed, the second 

pass i s  made t+rougb the hydraulic element tables a t  which t ine  the 

position of eacb nodal noint i s  located and the interpolated values 

f o r  the 9ydraulic element tables are  calculated. All of the second qass 

calculations a re  ~ e r f o r w d  in subroutine IYTPL. 
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THFTETIC4L B,4S IS 

1.  COtfpUTATI9V I F  CEVlET?IC ELE?'E?lTS 

Each cross sec t i on  i s  def ined bv coord ina te  ~ o i n t s ,  and fo r  

convenience o f  ass iqnina n-values, reach lenqths,  etc. ,  eat$ cross 

sec t i on  i s  d i v ided  i ~ t o  subsections. 

I 
\ 0 * 

X = Distance in feet 

a. Typical cross section 

I 
0 C 

XoDiatance In trot 

h. Subdiwtsions o f  typical cross section 

Fig, 3, Typical Cross Section 



The cross sect ion i s  subdivided i n t o  l e f t  overbank, main channel, 

and r i g h t  overbank, and hydraul ic  elements are computed f o r  each o f  these 

subsections, as shown below. 

a. Suhsection area. The subsection area i s  comnuted S y  summina 

increnental  areas betwen consecutive coordinates o f  tbe cross section. 

Fiq. 4 i l l u s t r a t e s  the technique by usinq the 'lain Channel subsection 

( 3 )  of the previous f iqure as an examnle. 
- 

Fig. 4. Incremental Areas i n  Subsection 

The equation f o r  an incremental area i s :  

? l o r m a l l . y , ~ h e r e 4 ~ ,  R1 andW a r e d e f i n e d a s  shown i n f i g .  5 ,an  
a vg 

incremental area i s  defined by two consecutive cross sect ion coordinates. 

However, a t  the f i r s t  and l a s t  increments i n  each subsection, a subsection 

s ta t i on  defines one s ide o f  the  incremental area. I f  the subsection 

s t a t i o n  does not  coincide w i t h  an X coordinate, as below, s t r a i g h t  l i n e  

i n t e rpo la t i on  i s  used t o  compute the length  o f  e i t h e r  Al , B1, o r  both. 



Fig. 5. An Incremental Area 

b. Wetted ~ e r i m e t e r .  The wetted perimeter i s  computed as the 

length  of cross sect ion below the water surface. I n  the case of Fig. . 
4 t h i s  i s :  

Pj = PI + P* + P3 + P4 

The equation f o r  wetted perimeter o f  each incremental area i s :  

whereD andW a r e d e f i n e d  i n f i g .  5. Mote t ha t  o n l y t h e l i n e  
e l y  av!3 

between coordinate po in ts  and ne i the r  Al nor B, i s  considered i n  p. 

No energy i s  t ransferred between adjacent subsections. 

c. Hydraul ic  radius. The hydrau l ic  radius i s  ca lcu la ted for  each 

subsection: 



2. C W f  EY 4 Y  CE 

The conveyance i s  comnuted fo r  each subsection by: 

The to ta l  conveyance i n  the cross section i s  

WSS K 
K t = t j = l  j 

where VSS is to ta l  number o f  subsections. 

7. ALPH9, THE VELOCITY DISTP.IRI1TIO~l FACTW 

Alpha i s  a factor  to  account fo r  the dis t r ibut ion of flow across 

the flood   lain and not the vertical  shape of the velocity profi le .  

Large values k 2 )  of Alpha may occur if  the depth of flow on the 

overbanks i s  shallo!lr, the conveyance small, and the area large. 

.4lpha i s  computed as follot\rs: 

where At i s  the sum of the subsection areas and Kt i s  sum of conveyances. 

E .  CO??POS ITE ?!-VALUE 

The cornnosite n-value i s  calculated as follows: 

n = 1.49 X SUMA X COMR''~ 
SUNK 

SUM = Total area of cross section (conveying flow) 

COMR = Composite hydraul i c  radius = SVPt4/SlJMP 

SU1IK = Total conveyance of cross ssction (conve.ying flow) 

S!IYP = Total netted ~ e r i m e t e r  of cross section {conveying flow) 



5. VOLIJME 4'19 TOP I.rI'1TH 

Volume beneath the specified elevation i s  calculated by averaging 

each subsection end area and mu1 tiplying hv the subsection reacb length. 

These resul ts  are accumulated fo r  each reach and with distance from tlle 

downstream end of tbe study area. 

TOP IiI9TH (not SIIMIfi!) i s  calculated fo r  each nodal point usinq the 

interpolated val ues of accumul ated vol ume. 

where 

= Volume of water that  could be stored between nodal ""x points located a distance of 2 x DX apart  

l o  = Volume corresponding t o  the elevation 1DH below tha t  
elevation fo r  VZDx 

Bw = TOP WIDTH a t  elevation DH/2 below that  elevation fo r  
' ~ D X  

DH = Vertical distance between values i n  the elevation table  

DX = Horizontal distance between nodal points 

PROGRAH USAGE 

1 . COMPUTER EQUIPMENT REQUIREMENTS 

This program requi res 46000 decimal words of central processor memory 

on a CDC 7600. Punch f i l e  output, when requested, i s  written on Tape 7. 

A tape 95 i s  always generated for  plotting resul ts .  

2.  INPUT PREPARATION 

The bulk of input data i s  required fo r  pass I .  Only the DX value 

(or  the number of nodes) i s  ut i l ized in subroutine INTPL. 



a. Yodeling the study reach. V i t h  the study reach located on a 

topographic map, mark the l e f t  (upstream) and r i g h t  (downstream) boundaries 

and the la te ra l  l imits  fo r  the geometric model. Yark the location of 

eat+ cross section i n  the study reacb. Subdivide the flood plain into 

channel and overbank s t r i  ps. Determine the reach length fo r  each strip. 

T h i s  will  be the distance between cross sections unless a s t r i p  ends 

before reaching the next cross section. Assign n-values t o  each s t r ip .  

I t  is important t o  correctly model both volume and conveyance. 

Therefore, delineate portions of a cross section conveying flow from 

tha t  portion which just s tores  water. Special cross section controls 

are  provided f o r  this purpose (see subparagra~h 2b (3 )  below). A sketch 

of the  flow 1 ines i s  usually suf f ic ien t  t o  adequately separate conveyance 

of water from storage of water i n  the geometric model. 

b. Coding input data. Code the data by s ta r t ing  a t  the dovnstream 

boundary and proceeding to  the upstream boundary. A sample 1 i s t ing of 

the data cards f o r  the problem presented i n  f i g .  6 i s  shown on page 1 ,  

exhibit  1. A detailed description of i n p u t  variables is given i n  exhibit  

3 and a sumnary of required cards is  shown i n  exhibit  4. 

(1) Cross section coordinates. The s ta t ion  points which define the 

cross section geometry must be posit ive values i n  units of f e e t  (actually,  

any consistent s e t  of units may be used w i t h  t h i s  program i f  n-values are  

appropriately chosen) and must be entered i n  increasing order of magnitude. 

These are  coded on GR-cards. 



( 2 )  Subsection stations. The l e f t  and r i g h t  sides of the main 

channel subdivide the cross section i n t o  subsections, These do not 

have to  coincide wi t b  a coordinate point, but they can. 

(3) Conveyance limits. Cornoutations for convevance Carl he 

restricted to any   or ti on of a cross section by s~ecifvinq limits with 

eitber STS, ENST or b o t h  on tlle CL-card. Hone of these controls have 

t o  coincide w i t h  a subsection station, b u t  they can. l!olume computations 

are not restricted by these controls. The entire cross section i s  

utilized to compute volume. 

(4)  Reach lengths. The reach length should be measured i n  feet 

and entered on the XI card for the upstream end of each reach, A value 

i s  required for each s t r i p  i n  the reach. T h i s  length does not  have to  

extend from one cross section to  the next. 

(5) n-values. Yanning's n-values can either be a constant i n  each 

s t r i p  or they can vary vertically rzri t h  either elevation or discharge i n  

the main channel. They should be defined a t  the f i r s t  cross section and 

be redefined only as necessary to  change their value. 

( 5 )  Elevation table. This program will accept up to 30 different 

elevation values spaced a t  random. However, the "Gradually Varied Unsteady 

Flow Profiles" program will accept only 21 values of elevation and these 

may not  be spaced a t  random intervals. Only three different intervals 

may be specified and these intervals must be integer numbers. The 

elevations may be real numbers b u t  the interval between elevations 

must be integers . 



I t  i s  recomnended tha t  larger increments be used a t  the top and bottom 

of the elevation table so that  solutions generated by the unsteady flow 

program will  always remain within the table.  

(7)  Section no. A cross section identification number i s  always 

assigned on the XI-card. River mile is recomnended. However, t h i s  value 

i s  used fo r  identification only -- not for  distance between cross sections. 

Likewise, node numbers, which are  interpolated from Section Numbers, a re  

fo r  ident i f icat ion only. 

c ,  Com~utation q r i d .  I t  is often desirable t o  project the values 

i n  the elevation table  on a slope rather than horizontally. This is 

permitted by input variable ASEL (JP-card). I t  i s  also necessary t o  

establ ish the distance between interpolated nodes. The routing program 

requires an odd number of nodes equal t o  or greater than 5. This can 

be produced by specifying MODE (JP-4) o r  DX (JP-3). The cornoutation 

grid is different  from the computation net i n  the unsteady flow program. 

This grid is i n  the (X ,Y)  plane whereas the computation net is  i n  the 

( X y T )  plane. 

DF!r)GRA?4 r)l!TPIlT 

1. P9IMTED OUTPUT 

Printed output is shown i n  exhibit  1. As each cross section i s  

processed, 4verage Section Yumbar, ?each Lenqth (channel s t r i p ) ,  

Elevation, Area, ?2/3,  to^ w i d t h  of conveyance nortion of section, 

weiohted n-value, Coriolis coefficient (aloha) for  velocity d is t r ihut ion ,  

accumulated surface area and accumulated volume beneath tbe water surface 

are printed. 



After the f inal  cross section has been orocessed, the aeometric 

mode1 beinq developed for  tbe unsteady flov nrogram i s  printed. fin all,^, 

a table of elevation versus volume i s  printed. These values are for 

comparison w i t h  the volumes printed a t  Section ?lo. 3 of Daae 2 ,  ex3ibi t 

1 ,  as a c+eck on the ab i l i ty  of the interpolated geometric data tables to  

reproduce the actual volume of the stud,y reach. 

2. PUYCHED CARD OUTPUT 

The geometric elements 11~ill be punched on cards i f  tha t  option i s  

exercised (Card JP-lq). The default option suppresses the punch. I t  

i s  always advisable to  review the ~ r i n t e d  resul ts  before punchina tbe data. 

EXAYPLE PWBLEhf 

The following figure shows boundary geometry for  a prismatic channel 

on a slope o f  .0002. 

(a) BOTTOM PROFILE (MILES 1 
LEFT RIGHT 

WERBANK CHANNEL WERBANK 

1000 1500 2000  2 5 0 0  

C~ISTANCE IN FEET 

Figure 6 Annotated Boundary Geometry 



The l e f t  overbank extends from cross section s ta t ion  1990 t o  1509. 

The channel extends from s ta t ion  150Q t o  2000, and the r ight  overhank 

from 2000 t o  2500. The n-values and reach lengths a re  shown on the 

figure. T h i s  example assumes tha t  only the channel portion of the section 

conveys flow. The locations for  STST and ENST are shown. These do not 

have t o  coincide w i t h  STA values. 

The elevations specified f o r  geometric data extend above elevation 

535, the highest elevation of the cross section. T4e program assumes a 

vertical  boundary a t  each end of the cross section, and i t  disreqards 

any influence on wetted perimeter. ?olume is i m ~ o r t a n t  i n  the unsteady 

flow program; and it may he i n  e r ro r  i f  the cross section coordinates 

do not extend above the elevation table  range. 

A l i s t i n g  of the input data i s  shown i n  e x h i b i t  1. Only two cross 

sections a re  required, since the channel i s  prismatic, and the interpo- 

la t ion subroutine provides tables  fo r  seven nodal points equally spaced 

a t  2640 fee t  apart. 

3. TAPE 95 OUTPUT 

The GEDA program produced a tape or f i l e  which contains 65 d i f fe rent  

output variables. The 65 variables are  temporarily stored in an array 

called QVAR and written out to  tape 95 as each section i s  processed. 

Tape 95 can then be used by H E C ' s  Hydraulics Program to plot  the variables 

interact ively on a Tektronix 4014 computer display terminal or  batch on 

a Calcomp drum p lo t te r .  A l i s t  and description of the 65 variables on 

tape 95 are  given i n  Appendix I and I I .  



INSERT 

1. The ccPnputer program tlGem=tric Elements from Csoss Section 
(GEDA) has been modified to opmte interactively; that is, the 

user mexely enters the name of the execaxtable program f i l e  and respords to 
pmnpts fropn .the program for various f i l e  names. (;EDA also can now produoe 
d a t a f i l e s f o r d i r e c t i r q ? u t t o t h e ~ ~ ~ ~ ~ c c p n l x z t e r p r o g r a m .  Thedatathat  
GEWJ develop are input records 20-25 (distances, elevatiofls, and top widths), 
and 28-30 (Manning's n-values). Ihe former are written to default f i l e  nam 
R2025 and the lat ter  to R2830. The rest of the DAMBRK input data set w i l l  
h z v e t o h p r P p a r e d b y ~ ~ a r d ~ e d w i ~ ~ G E C Y i - p ~ e d d a ~ - ~ i n g  
either an editor or system mma&s. 

2. I)AMBRK has two options for muting; the tlstandardll m i o n  and the 
special "flood plaintt option. The cross section data are different for these 
twpoptions. G E I A w i l l ~ d a t a f o r e i t h e r o p t i o n a t t h e ~ ~ e S t .  
For the standard option, UWRK kpwidth and n-value vs. elevation functions 
are cmptd  using W same axpasiting as is used for prepamtion of 
inpt to mPEEt (please refer to llDocmmtation for the -PER 
m a c e t t ,  dated 17 April  85) . For the flood plain @on, the HEC-2 cross 
sectionisuseddirectly; thatis, theleftwerbankn-valueandtapwidthare 
transferred into the IXMBKK data for the left flood plain, and likaJise for 
the other b m  subdivisions. Note ,  since I)AMBRK uses n-values on a reach basis 
rather than on a section basis, the subdivision n-values are avezaged for -two 
successive set ions  to cbtain a reach value. 

3. A t  this (DEc. 1987), these changes t o  GEW have h v e d  rmrumal . . 
testbq, particularly flood plain option calculation. A potential p d l e m  
area is that of one section having an werhnk, follawed or  precded by a 
sectionthatdoesnat. U s e r s a r e a d v i s e d t o C ! h e c k ~ t h e ~ a u t p r t ~  
the f i l es  developed for UWRK for errors or dkaqmcies. Please notify 
Michael G e e  a t  HEC (FTS 460-1748 or (916) 551-1748) of any problems. 



Documentation for the GEDA/DWOPER Interface 

Back~round: Increasing use of the National Wea.ther Service's dynamic 

routing model, "Dynamic Wave-Operational" (DWOPER), for unsteady flow analyses 

has highlighted the need for an improved means for describing hydraulic 

geometry for that program. Geometric input to DWOPER consists of tables of 

cross-section widths and cqrllposite Manning n values as functions of elevation. 

Development of these data has proven difficult for two reasons: (1) many 

users are familiar with the x-y coordinate method of describing cross sections 

and many data sets exist in that format (i.e., for the program HEC-2); and (2) 

composite n values for coniplex cross sectians cannot -be estimated directly 

from field observations. Experience has shown that use of estimated n vaiues 

directly in DWOPER C;ta can result in conveyance functions that decrease with 
.. 

elevation, which, in turn, leads to computational instabilities. Consequently 

the HEC has modified an existing program, "Geometric Elements from Cross 

Section Coordinatesn (GEDA), to develop input geometric data for DWOPER which 

are consistent with HEC-2 data in both conveyance and volume (storage). It is 

emphasized that correct dynamic routing will be achieved only if the HEC-2 

cross sections accurately describe both stora~e and conveyance of the river 

channel. The GEDA-produced data are in the appropriate sequence and format 

for DWOPER versions dated 2/22/80 to 7/18/84. 

Theory: HEC-2 cross sections are subdivided to allow for transverse 

distribution of roughness. Given an HEC-2 croFs section, GEDA computes the 

total conveyance an5 top width of that section for a sequence of elevations. 

The composite n vs. elevation function that provides the same conveyance at 

each elevation is then calculated. An example is shown below. 
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Also, as DVOPER allows only a single distance between sections, the C R M  

program calculates that distance to preserve the volume between each two 

successive sections using +.he HEC-2 channel and overbank distances. This 

computation is only performed for the highest elevation for which information 

is requested. 

Operation: Upon execution of GEDA all geometric data are written to disk 

files* in the correct sequence (upstream to downstream) and format for DWPER 

input if the variablas NODE and DX (refer to the JP card description in the 

GEDA Users Manual) are set to zero. The data are computed for each HEC-2 

section input. The interpolation feature of GEDA plays no role in the proceso 

and should not be used. ~ o n s e ~ u e n t l ~ ,  DWOPER computat ional points coincide 

with the HEC-2 sections. 

The elevations for which widths and n values are calculated are controlled 

by the ET cards. Separation of sections into active and inactive widths is 

governed by KL cards. Refer to the GEDA Users Manual for descriptions of 

these cards. 

The specific DWOPER input card images and the units to which they are 

written are shown ia,,Table 1. 

* 
Because geometric data appear at several locations in the DWOPER input stream, 

several files must be merzed upon DWOPER execution. 



TABLE 1 DWOPER VARIABLES WRITTEN BY GEDA 

DWOPER 
Variable DWOPER Card 
Name Group No. Description Unit No- 

Table of top widths for all sections, 1 I 
upstream to downstream 

Table of elevations corresponding to 11 
the above 

30 Cross-sectional area below lowest 11 
elevation at zach section 

BSS 31 Table of storage widths 15% 

HSS 

ASS 

3 2 Elevations corresponding to above 
(same as HS) 

X 36 

YQCM 55 

3 3 Storage area below lowest elevation 15 
(these are zlways zero) 

Location of each computational section, 14 
units are feet From upstream boundary 

Table of elevations for which n values 12 
are provided, by reach** from upstream 
to downstream 

Manning n values corresponding to above 13 

* The information on unit 15 is only written for those sections that have off- 
channel storage. This can be ascertained from GEDA output. 

**NOTE: n values are associated with reaches rather than sections in the DGIOPER 
computational scheme. Therefore, when using GEDA, an n value vs. elevatior. 
function is determined for every "reach" between two cross sections by 
averaging the n vs. elevation functions at the two cross sections bounding 
the reach. Hence, for DWOPER input the nmber of Manning n reaches (NRCH1. 
card 15) is one less than the number of cross sections and the station 
numbers defining those reaches (NCH, card 16) starts with 2 and goes to NB 
(the l~umber of sections). 
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6tOMEfRlC * O D t L  FOR bNSTEADv FLOI P R O G E A ' ~  

son 
3.00 

x-SEE 
NO 

3.000 
3.000 
3r000 
S,O(rO 
3. 000 
3.000 
2.500 
2.500 
2,500 
2,500 
2.500 
2,500 
2,000 
2*000 
2.000 
2.000 
2.000 
2.000 
1 r500 
lr500 
1.500 
1,500 
lr500 
1.500 
1.000 
1r000 
1 r O O O  
1 r 000 
lr000 
t r O O O  
.so0 
r500 
,500 
r500 
a500 
*so0 
.OOO 
,000 
a000 
rOOO 
r OOU 
roo0 

AREA 

500 
1000 
1500 
2000 
250c 
Soon 
500 

loon 
1500 
2000 
2500 
3000 
500 
1000 
1500 
2000 
2500 
3000 
son 
1000 
150n 
2000 
2500 
3060 
500 
in00 
1500 
zoo0 
2500 
3000 
500 
lo00 
1500 
2000 
2506 
3000 
500 
1000 
ison 
zoo0 
PSOn 
Soon 

OX FORMAT 
2640.0 ~ X , F ~ , O , ~ X , ~ F ~ . O , / ( ~ Y X ~ S ~ ~ ~ O )  

TOP 
w 1 D l t - I  h 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
son 
500 
500 
500 
500 
so0 
500 
500 
500 
500 
500 
500 
500 
500 
500 
SO0 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
so0 
500 
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C L O M t T R I C  MODCL FOR UNSTEIOV FLOW PROGRAqa 

son 
3.00 

ELFV 

524.17 
525.17 
526.17 
527.17 
528.17 
529.17 
523.64 
52.. 64 
525, br 
52b*b4 
527. bl 
528.6. 
523.11 
524.11 
525e11 

DX FORMAT 
2 b 4 0 ~ 0  8 X ~ F 8 . O , 8 X ~ 5 F 8 ~ O I / ( 2 4 X p 5 F 8 ~ O )  

1.0000 
1.0000 
I .QOOO 
1.0000 
1.0000 
1.0000 
1.0000 
1 .no00 
1 r 0000 
1.0000 
1 r0000 
1.0000 
1 .oooo 
1 *ooou 
1.0000 
1 .oono 
1 .OOl)O 
1 . OUOU 
1.0000 
1.0000 
i.0000 
1*0UOO 
1,0006 
l r  OUOO 
1*0000 
1 .OO@O 
i .noao 
1.000U 
1.0000 
lr0000 
1.0000 
lrO0OO 
1.0000 
1.0000 
1 rOO(r0 
1 . 0000 
1 .0000 
1 .ooo0 
1 .0000 
1 .0000 
1*0000 
l*OOOO 
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DESCRIPTION OF PAUSES 

%use 
No. Cause ----.-- - t Act ion  

End o f  j ob  

one o r  more reach 
lengths  e i t h e r  zero o r  
blank, One o r  more 
STA(1) values are  
negative. 

Neqative value i n  i n p u t  
data. 

Negative value i n  the  
n-val ue tab le .  

Check Q(N), IDF, MEID, NCH, KXY, KQCH, 
n-val ues , NIID , I S X Y .  

Log ica l  e r r o r  i n  
program code. 

Requires proqram debuggi nq. 

STA(I) i s  l a r q e r  than 
t h e  1 argest  X coordinate 
on t h e  GR cards. 

S i l l  l eng th  o r  s i l l  
e l e v a t i o n  i s  negative. 

STST i s  l a r q e r  than 
t h e  l a r q e s t  X coordinate 
on t h e  GR cards. 

P o s i t i v e  values required.  

STST i s  negat ive P o s i t i v e  value i s  required.  

STST i s  l a r g e r  than the  
l a r g e s t  STA(1) value. 

E i t h e r  STST o r  t h e  f i r s t  
STA(1) value i s  l a r g e r  
than the  l a r g e s t  X 
coordinate on the  GR 
card, 

Chanqe t h e  data so a t  l e a s t  1 STA(1) 
value i s  g rea te r  than STST. 

Logical  e r r o r  i n  sub- 
r o u t i n e  HYDLMT. 

An X coordinate i s  
smal le r  than t h e  
previous one coded on 
t h e  GR card. 

E x h i b i t  2 

9equi res  Dropram debuqqi nq. 
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rause 
No. Cause 

Loq ica l  e r r o r  i n  sub- 
r o u t i n e  HYDLMT. 

Log ica l  e r r o r  i n  sub- 
r o u t i n e  HY DL.?lT. 
Var iab le  LOST i s  one 
and should no t  be. 

S i m i l a r  t o  17 except 
LOST = 2. 

S i m i l a r  t o  17 except 
LOST = 3. 

A br idge sec t ion  has 
been entered, bu t  t he re  
a re  n o t  enough discharge 
c o e f f i c i e n t s .  

S t a r t i n g  water sur face 
e l e v a t i o n  i s  below 
c r i t i c a l  depth. 

Submerged f l ow  e x i s t s  
a t  a  w e i r  and no sub- 
mergence c o e f f i c i e n t s  
were provided. 

Submerged f l o w  e x i s t s  
and 2 submergence 
c o e f f i c i e n t s  are  t h e  
same. 

Act ion  I 
-- - - 

Requires oroqram debuqai ng . 

Same as 16 -  

Same as 16. 

Same as 16. 

Check data and e l i m i n a t e  
br idqe sect ions. 

Th is  Dause should be e l iminated.  
Check the ornqram l o g i c .  

E l  i m i  nate we i r  sect ions. I 

Same as 22. 

E x h i b i t  2 
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GEnMETRIC ELEMENTS PROGRAM 

INPUT DATA DESCRIPTION 

Version 3.7 January 1076 

This input  descr ip t ion presents a "value" o r  "range o f  values" 
f o r  each var iable.  The code "+" under the "Value" column means any 
pos i t i ve  number. le roes are not  reconmended except where ind icated 
i n  the "Value" column. Avoid negative numbers unless t ha t  opt ion i s  
s p e c i f i c a l l y  stated as a value. Blanks are read as zero exceot where 
otherwise noted. Parentheses denote footnotes. A1 1 numeric var iab les  
are read as f l oa t i ng  po in t  numbers and in teger  var iables are converted 
immediately a f t e r  being read. Numbers may be coded e i t h e r  l e f t  o r  r i g h t  
j u s t i f i e d .  

HEC-2 Data Cards TI, T2, T3, NC, NV,  XI, X3, X4 and GR are permitted. 
However, on ly  a po r t i on  o f  the data on cards NC, X I ,  and X3 are u t i l i z e d  
i n  t h i s  program (see pages f o r  each card type). 

Exh ' i b i t  3 
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INPUT DATA DESCRIPTION 

TITLE CARDS - REqUIRED CARDS 

CARDS TI,  T2, T3 

a. CARD T I  

T i t l e  card f o r  output t i t l e .  This card i s  required f o r  each job. 

F ie ld  - Value Variable Descri p t ion  

0 TI Card i d e n t i f i c a t i o n  characters. 

1-10 None Numbers and a1 phabetical characters 
f o r  t i t l e .  

b. CARD T2 

T i t l e  card f o r  output t i t l e .  This card i s  required f o r  each job. 

F i e l d  - Variable - Val ue Descri p t i on  

0 T2 Card i d e n t i f i c a t i o n  characters. 

1-10 None Numbers and alphabetical characters 
f o r  t i t l e .  

c. CARD T3 

T i t l e  card f o r  output t i t l e .  This card i s  required f o r  each job. 

F i e l d  - Val ue Variable Description 
I 

0 T3 Card i den t i f i ca t i on  characters. 

1-10 None Numbers and alphabetical characters for 
t i t l e .  

Vote: Columns 0-32 on card T3 are not saved for subsequent use on 

plots ,  and th is d i f f e r s  from the T3 card i n  HEC-2, 

E x h i b i t  3 
Page 2 o f  18 



JOB PARAMETERS - REOUIRED CARD 

CARD JP 

The geometric elements may be calculated for the same elevation at 
each cross section or they may be calculated on a sloping grid. The 
latter usually results in fewer elevation points for jobs covering 
long distances of the river. In any case, using a sloping grid is 
only a matter of convenience and the slope does not impact on routing 
calculations in the unsteady flow model. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG JP Card identification characters. 

1 AVGS O,+,- The downstream cross section identification 
(iwe., if cross section locations are 
identified by River Mile (XI-i) , use the 
mile for the first sections here). 

2 ASEL +,' The change in elevation between cross 
sections is calculated by multiplying the 
slope ASEL times the channel reach length. 

1000 ASEL will be based on the downstream channel 
slope. 

2000 ASEL will be based on the downstream minimum 
channel bank elevation slope. 

NODE 0 The program will calculate the number of 
nodes from DX and the total model length. 

+ The program will calculate the distance 
between nodes from total model length and 
interpolate tables of geometric elements at 
those points. 

0 The value for NODE should be positive so the - 
program will calculate DX and the resulting 
tables of geometric elements. 

Exhibit 3 
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FIELD VARIABLE VALUE 

+ 

LFA 0 

1 

NOSC 0 

DESCRIPTION 

Tables of geometric elements will be 
interpolated on the constant interval, DX, 
however, if both NODE and DX have been 
specified the value for NODE will override 
the value for DX. 

Program calculates the velocity distribution 
factor ALPHA. 

The program assigns 1 to the velocity 
distribution factor. 

The largest identification number that can 
be printed or punched out by this program 
is 9999.999. The largest cross section area 
is 9,999,999. The program will test the 
size of section identification numbers and 
cross section areas and calculate a factor 
to scale down numbers which are too large. 
An appropriate note is printed giving the 
resulting scale factor. 

+ A scale factor of 1.0 is assigned. 

7-8 Not used. 

9 KSW(11) 0 Suppresses printout of subsection areas, 
wetted perimeters, conveyances, etc. 

1 Printthe intermediatevalues of conveyance, 
area, hydraulic radius, n-value and reach 
length for each subsection in each cross 
section. 

KSW(12) 0 Thegeometricelementsareinterpolated from 
adjacent input cross-sections and printed. 

1 Punch cards of the above geometric elements 
for subsequent use in the routing 
calculation. 

2 The geometric elements are interpolated by 
weighting the values at all input cross- 
sections within k5DX of the node and 
printed. 

3 Punch cards of the above geometric elements 
for subsequent use in the routing 
calculation. 
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ELEVATION TABLE - REQUIRED CARDS 

CARD ET 

The tab le  of geometric elements may contain from 3 up  t o  21 values of 
elevation.  The difference between two successive elevation values on 
t h i s  card, ca l led the elevation in te rva l ,  must be an integer amount 
f o r  the routing program. Up to  three d i f f e r en t  in te rva l s  may be u t i l i z ed .  
Values must be entered from lowest t o  highest elevation fo r  the routing 
program. 

Field Variable - Value Description -- -- 
0 ICG ET Card iden t i f i ca t ion  characters.  

1 - 10 WS o,+ Elevations may be zero o r  posi t ive .  
Enter 10 values across the card and 
use as  many cards as  a r e  required. 
The program will  count the number of 
values in te rna l ly  using a zero or  
blank f i e l d  to  s ign i fy  the  end of 
elevations.  
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WEIGHTED REACH LENGTH - OPTIONAL CARDS 

CARD WL 

Frequently, the channel distance i s  not representative of t3e length of 
flow when extremely large flood events are  to  he analyzed. This card 
permits the user to  enter  a length between cross sections t3a t  re f lec ts  
the flow length for  the floods tha t  he plans t o  analyze. The weiahted 
reach length i s  not used i n  calculating area and volume, only in 
establishing the location of cross sections fo r  subsequent calculations 
as the geometric elements are  interpolated for  each !!ode. 

Field Variabl e Value - Description 

0 ICG ~ J L  Card identification characters. 

1-1 n X9L r) A t  the f i r s t  cross section only. 

+ The weighted distance from the second 
to  the f i r s t  cross section is entered 
i n  f i e ld  2. Field 3 goes w i t h  the t h i r d  
cross section, ETC. Enter one value of 
weighted reach length for each cross 
section. The program will  count the 
number o f  values entered using O or  
blank t o  identify the end. 
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REQUIREn CARD FOR F I R S T  CROSS SECTIOM 

CARD PIC 

p?annincrts n-values are entered f o r  s t a r t i n g  each job, o r  f o r  changinq 
values prev ious ly  specif ied. Vanninq's n-val ues apply a t  a cross 
sect ion and halfway t o  the cross sect ion on e i t h e r  side. The values 
on t h i s  NC card apply t o  the cross sect ion described on the f o l l ow ing  
X I  card and apply u n t i l  changed by a f u tu re  blC card. 

F i e l d  - Variable - Value Descr ip t ion 

0 I A NC Card i d e n t i f i c a t i o n  characters. 

1 XNL 0 No change i n  Manning's "nu value 
f o r  the  l e f t  overbank. 

t Manning's "n" value f o r  the l e f t  
overbank. 

2 XNR 0 No change i n  Manning's "nu value f o r  
the r i g h t  overbank. 

t Yanning's "n" value f o r  the r i g h t  
overbank. 

3 XNCH 0 No change i n  Manning's "n" value fo r  
the  channel. 

t Manning's "n" value f o r  t he  channel. 

Note: Other HEC-2 var iab les  on NC-card a re  n o t  used i n  t h i s  program. 
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OPTIONAL CARD FOR ROUGHNESS DESCRIPTION 

CARD NV 

Used t o  varv the channel n-values i n  the v e r t i c a l  based on water surface 
elevat ions.  ~ t r a m n e  i n te rpo l  a t i on  i s  used between ~ o i n t s .  

F i e l d  Variable Value Descr ipt ion 

0 I A MV Card i d e n t i f i c a t i o n  characters. 

1 NUMNV + Total  number o f  Manning's "n" values 
entered on V V  cards (maximum f i v e ) .  
I f  more than one NV card i s  used, 
f i e l d  1 on the other cards would 
contain an ELN(N) value. 

2,4,6. . vALN(N) + ?.lanninqls "n" c o e f f i c i e n t  f o r  area ...,... below ELM(?). The overbank "n" values 
spec i f ied on CARD NC w i l l  be used f o r  
the overbank roughness regardless o f  
the values i n  t h i s  table.  

3,5,7.. ELN(N) + Elevat ion o f  the water surface 
. . . . . . . co r res~ond i  nq t o  VALN(N) i n  increasing 

order. 

Note: HEC-2 permits 20 n-value points. This program permits on ly  5. 
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SLOPE CHANGE - OPTIONAL CARD 

CARD SC 

The slope ASEL (JP-2) i s  changed a t  any cross section with th i s  card. 
The slope will remain a t  t h i s  new slope until i t  i s  changed again. 
The specified s e t  of closely spaced elevations follow approximately 
along the top bank elevation of the channel. 

Field , Variable --. Val ue Description 

0 I CG S C Card ident i f icat ion characters. 

1 AVGS O,+,  The cross section identification number 
fo r  the f i r s t  cross section where the 
new slope was used. 

2 ASEL +,- The change in elevation between cross 
sections i s  calculated by mu1 tiplying 
the slope ASEL times the channel 
reach length. 

1000 ASEL will be based on the downstream 
cnanne l slope. 

2000 ASEL will be based on the downstream 
minimum channel bank elevation slope. 
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REQUIRED CFtRD FOR EACH CROSS SECTION 

CARD XI 

This card i s  required f o r  each cross sect ion,  and is used t o  specify the 
cross section geometr-y and program options a ~ p l  icahl e to  that  cross section. 
This program di f fers  from !?EC-2 i n  tha t  i t  does not read Field 10 and only 
100 cross sections may be specified. 

Field - Variable Va 1 ue Oescription 

0 I A X 1 Card ident i f icat ion characters. 

1 S EC?lQ t Cross section ident i f icat ion number 

- (Tributaries i n  HEC-2). Vot used in 
this program. 

3 STCHL r) 

t 

4 STCHR 0 

t 

7 XLCH t 

Previous cross section i s  used fo r  
current section, Qext GF? cards a re  
omi t ted . 
Total number of s ta t ions  on the next 
GR cards. 

May be omitted i f  NUYST (X1.2) is 0. 

The s ta t ion  of the l e f t  bank of the 
channel. 

May be omitted i f  NUFIST (X1.2) i s  0. 

The s ta t ion  of the r i g h t  bank of the 
channel. ?lust be equal to  or greater 
than STCHL. 

Lenath of reac* between current cross 
section and next downstrean cross section 
of the l e f t  overbank. 

Lenath of reach between current cross 
section and next downstream cross section 
for  the r i g h t  overbank. 

Length of reach between current cross 
section and next dotrtnstream cross section 
for  the channel. 
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CARD XI (cont. ) 

Field - Variable Value 

8 PXSEC!? 0 

OPTIO!lAL PLOTS OF CROSS SECTIOrl 

Field - Variable ?a1 ue 

Description 

Cross section s tat ions n i l1  not be 
changed by the factor  PXSECR. 

A r a t io  which will be ~ u l t i o l i e d  times 
a1 1 cross section s ta t ions ,  except the 
f i r s t  s ta t ion ,  to increase or  decrease 
cross section w i d t h .  The r a t io  can 
aanly to  a repeated cross section or  
a current one. 9 1.1 would increase 
the w i d t h  by 10 percent. 

Cross section elevations !.till not b~ 
changed. 

Constant to be added (+) or  subtracted ( - )  
from a l l  cross section elevations. '4 
repeated cross section i s  handled i n  the 
same manner as one jus t  entered. Elevation 
changes are permanent; therefore,  changes 
accumulate with succ~ss ive ,  repeated 
sections. 

Description 

10 I PLOT r! :lot recognized by th i s  program 
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SPECIFICATION OF INEFFECTIVE FLOW AREAS 

CARD X3 - OPTIQNAL CARD 

F i e l d  Variable ?,a 1 ue 

r) I A X 3 

1 I EARA 0 

Descr ip t ion 

Card i d e n t i f i c a t i o n  characters. 

Total  area o f  cross sect ion described 
on GR cards below the water surface 
e levat ion i s  used i n  the computations. 

ELSED 

EMCFP 

STENCL 

Only t3e cross sect ional  area confined 
by levees below the water surface 
e levat ion i s  used i n  the computations, 
unless the water surface e levat ion i s  
above the top o f  levee (elevat ions 
corresponding t o  STCH(X1.3) and STCH!? 
(XI .4), i n  which case f low areas outside 
the levee w i l l  be included. 

Width between encroachments i s  no t  
changed o r  i s  not  speci f ied.  

Width between encroachments i s  centered 
i n  the channel, midway between the l e f t  
and r i g h t  overbanks. Flow areas outside 
t h i s  width are not  included i n  the 
computations. This wid th  w i l l  be used 
for  a l l  cross sections unless changed 
by a pos i t i ve  ENCFP on Card X3 o f  
another cross sect ion o r  unless over- 
r idden by the use o f  STENCL (X3.4). 

Encroachments b.y spec i f y i  ng s t a t i o n  
and/or e levat ion w i l l  no t  be used on 
the l e f t  overbank. 

Sta t ion o f  the l e f t  encroachment. Flow 
areas t o  the l e f t  o f  ( less  than) t h i s  
s t a t i o n  and below ELENCL are not  included 
i n  the computations. This o p t i o ~  w i l l  
overr ide the opt ion using ENCFP when 
both are used. 
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CARD X3 (cont) 

F i e l d  Var iable - Val ue 

5 ELENCL. 0 

6 STENCR 0 

t 

7 ELENCR 0 

8 ELLEA 0 

+ 

9 ELREA 0 

t 

10 

Eescri  p t i o n  

An encroachment e levat ion on the l e f t  
s ide i s  not  appl icable and i s  therefore  
assumed very high. 

El evat ion o f  the 1  e f t  encroachment. 
Flow areas below t h i s  e levat ion and 
less than STENCL are not  inc luded i n  
the computations. 

An encroachment s t a t i o n  on the r i g h t  
i s  not  used. 

S ta t ion  o f  the r i g h t  encroachment. 
Flow areas t o  the r i g h t  o f  (greater 
than) t h i s  s t a t i on  and below ELEMCR 
are not  inc luded i n  the computations. 

An encroachment e levat ion on the r i g h t  
s ide i s  no t  appl icable and i s  therefore  
assumed very high. 

Elevat ion o f  the r i g h t  encroachment. 
Flow areas below t h i s  e levat ion and 
greater than STENCR are no t  included 
i n  the computations. 

E x h i b i t  3 
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ADDITIONAL GROUND POINTS 

CARD X 4  - OPTIONAL CARD 

An addit ional  input card X 4  may be inser ted fol  lowing cards X I ,  X2, o r  
X3 i n  order t o  add addit ional  points t o  describe the  ground p ro f i l e  of 
the cross section.  Sta t ions  of X4 data points must fa1 1 w i t h i n  the  
range of GR s t a t i ons .  The X 4  data point  is an added po in t  and cannot 
be used t o  replace any GR data point. T h i s  option i s  useful when 
modifying data cards f o r  a proposed obstruction as  i t  allows points t o  
be added qnywhere i n  the  cross sect ion.  

Field Variable Value Description - 

0 I A X 4  Card iden t i f i ca t ion  characters .  

1 NELT + Number of addit ional  points t o  supplement 
the  cur ren t  s e t  of G R  cards read i n  
describing the  ground profi l e  of the 
cross section.  A maximum of 20 points 
may be used. 

495, 
e tc .  

ELT(1) + 

STAT ( 1 ) + 

Elevation of f irst  addit ional  ground 
point. 

Sta t ion of f i r s t  addit ional  ground point. 
All s t a t i ons  must be l e s s  than the 
maximum s t a t i o n  on the  GR cards. The 
pa i r s  of e levat ions  and s t a t i ons  do not 
have t o  be i n  any par t i cu la r  order. 

Additional pa i r s  of elevation and s t a t i on  
values. 
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CONVEYANCE LIMITS - OPTInrlAL CARD 

CARD KL 

The geometric model fo r  unsteady flow ca7culations must descri he both 
volume and conveyance. Satisfying the volume requirement often causes 
cross sections to  extend u p  t r ibutar ies .  This is an area that  does not 
contribute t o  conveyance of the mainstem discharge, however, and 
conveyance l i n i t s  can be established for  affected cross sections. 

Field \/ariahle Value Description 

0 ICG KL Card identification characters. 

1 AVGS ,+ Cross section identification number. 

2 STST 0 The ent i re  cross section i s  used for  
both volume and conveyance on the l e f t  
overhank. 

+ The cross section s tat ion separating 
storage from conveyance on the l e f t  
overbank. This value does not have to 
cbhcide with a coordinate point. 

The ent i re  r ight  overbank of the cross 
section i s  used to  convey flow. 

The cross section s ta t ion  beyond which 
only volume i s  calculated. 
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CARD GR 

GROUND PROFILE 

This card speci f ies the elevat ion and s ta t i on  o f  each po in t  i n  a cross 
section used t o  describe the ground p ro f i l e ,  and i s  required f o r  each 
X I  card unless NUMST ( X I  .2) i s  zero. The points outside o f  the channel 
determine the subdivision o f  the cross section which corrects f o r  the 
nonuniform ve loc i ty  d is t r ibu t ion .  

F i e l d  - Variable - Value Description 

0 I A GR Card i d e n t i f i c a t i o n  characters. 

1 EL(1) + Elevation o f  cross section point  1 a t  - s ta t i on  STA(1). May be pos i t i ve  o r  
negative. 

2 STA(1) + Stat ion o f  cross sect ion po in t  1. 

3 EL(2) + Elevation o f  cross sect ion po in t  2 a t  
I STA(Z). 

4 STA(2) + Stat ion o f  cross section po in t  2. 

Continue w i th  addit ional  GR cards using up t o  100 points t o  describe the 
cross section. Stations should be i n  increasing order and p o s i t i v e .  

E x h i b i t  3 
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END OF JOB CARD 

CARD EJ - REQUIRED 

Required following the l a s t  cross section f o r  each job. Each group 
o f  cards beginning w i th  Card T I  i s  considered a job. 

F i e l d  - Var iable  Val ue Description 

9 EJ Card i d e n t i f i c a t i  on characters. 

1-10 Not used. 
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END OF RUN 

CARD ER - REQUIRED CARD 

Required a t  the end o f  a run consisting of one or  more jobs i n  order t o  
end computation on stop command. Three blank cards a f t e r  the EJ card 
o f  the l a s t  job are  optional.  

F i e l d  Variable Value - Description 

0 I A E!? Card i d e n t i f i c a t i o n  characters 

1 - 10 Not used 
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APPENDIX I 

Tape 95 Variable Description 
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GEDA --Tape 95 



 
 
 
 



TAPE 95 

First record on tape 95: 

Z I'T'APE dM Z Z KVAR Z Z. Z, 

Z - a zero value i s  used 

ITAPE - T h i s  i s  s e t  t o  94 t o  iden t i fy  i t  as  a GEDA tape 35 

JM - i s  s e t  equal t o  the t o t a l  number of p ro f i l e s  

EVAR - is  s e t  t o  65, which i s  the number of variables wri t ten  

out  t o  tape 95 

Second record on tape 95: 

TITLE(1) - TITLE (6 )  

TITLE - T i t l e  on t i t l e  card based on A4 format 

Third record on tape 95: 

X(l)  - X(100), Z, z 
X and Z - a r e  s e t  t o  zero 

Fourth record on tape 95: 

X(1) - X(100) 

X - is  s e t  t o  zero 

F i f th  and a l l  other records O n  tape 35: 

QVAR(1) - QVAR(65) 

i a s t  record on tape 95: 

QVAR(I) i s  s e t  equal t o  -l.E + 0 5 

ijVAR(1) - QVAR(65) 

Total records = 4 + t o t a l  number sect ions  X t o t a l  number of p rof i l e s  + 1 
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