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SUMMARY

In a project recently completed for the Environmental
Protection Agency, Battelle-Northwest developed a generalized
water quality model! for lakes and reservoirs. The simulation
models are designed to provide a complete portrayal of the
dynamic processes which determine the eutrophic states in lakes
and reservoirs. The models are formulated in terms of several
key environmental variables: dissolved oxygen, biochemical oxygen
demand, coliform bacteria, toxic material, algal populations
and nutrient materials, and the major controlling factors:
light, temperature, stream flows, and loading rates. The
final simulation models were applied to American Falls Reservoir
in Idaho with excellent results. The computer models consist
of three programs: CLIMA, TERMA and AQUA-II. This document is
provided to guide the general user in setting up and applying
the models.

'Baca, R. G., M. W. Lorenzen, R. D. Mudd, and L. V. Kimmel.

"A Generalized Water Quality Model for Eutrohpic Lakes and
Reservoirs." Battelle, Pacific Northwest Laboratories,
Richland, Washington, prepared for Office of Research and
Monitoring, U.S. Environmental Protection Agency, August 1974.
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HYDROTHERMAL AND WATER QUALITY
MODELS FOR LAKES AND RESERVOIRS

USER'S MANUAL

INTRODUCTION

This manual is a guide to the use of the Deep Reservoir
Hydrothermal and Water Quality Models. The examples and
illustrative data are given for American Falls Reservoir in
Idaho. By following the instructions in this manual, the
user should be able to set up and run water quality simula-

tions for situations where sufficient data are available.

Theoretical considerations that are important in model

development are discussed in the Documentation Report.!

MODEL DESCRIPTION

Program Operational Sequence

The overall numerical model for reservoirs and thermal
impoundments consists of three component computer programs:
¢ a generalized input program, CLIMA
e a thermal-hydraulic simulation program, TERMA
¢ a water quality simulation program, AQUA-II
The separation of the overall numerical model into modular
programs has an important advantage in that it allows calibration
of individual models. In general application, the programs are
used in sequence so that the determinations of one become input

for the next.

The input program CLIMA reads a standard set cf meteorologic,
hydraulic, and hydrologic data for a particular simulation period
and prepares a magnetic tape data file which may ke used repeatedly

as input to the thermal simulation program.

The thermal simulation program, TERMA, determines the verti-
cal temperature profiles and interflow distributions for the
entire simulation period. These predictions are required input

data for the water quality program.



Reservoir water quality is modeled with the AQUA-II program
which simulates advective-diffusive transport as well as chemical
and biological reactions of the parameters being modeled. Figure 1

is a diagram of the basic information flow between the three prog-
grams.

Program Descriptions

CLIMA. Various kinds of input data must be prepared for
modeling specific reservoir sites and their envirpnments. CLIMA,
the generalized input program, performs the important function
of ordering, organizing, checking and outputting the standard
set of data necessary to initiate a thermal-hydraulic or quality

simulation.

In addition to the basic data preparaticn, this program
estimates the net energy flux passing the air-water interface
and the equilibrium water surface temperature. These quantities

establish boundary conditions for the thermal simulation progrem.

The CLIMA program consists of five computational subroutines.

Input data requirements are listed below.

GrcuE I

Simulation specification and site characterization
1) Period of simulation, days '

2) Latitude

3) Longitude

4) Average water surface elevation

Meteorologic-climatic data

1) Number of observations per day
2) Atmospheric pressure

3) 8ky cover

4) Wind speed

5) Dry bulb temperature

6) Wet bulb temperature

7) Dew point temperature



CLIMA - INPUT PROGRAM

FUNCTION:
CREATE DATA FILES
FOR TERMA OUTPUTS

(TO MAGNETIC TAPE)

1. METEOROLOGIC FILE

2. UPSTREAM INFLOW FILE
3. OUTFLOW FILE

4. TRIBUTARY INFLOW FILE

U W N
e ¢ o s .

CARD INPUT

SITE CHARACTERIZATION
HYDROLOGIC-METEOROLOGIC DATA
CLIMATIC DATA
HYDROMECHANICAIL DATA

WATER TEMPERATURE DATA

L

! TERMA - THERMAL SIMULATION
PROGRAM

FUNCTION:
PREDICT THERMAL STRUCTURE,
STRATIFIED FLOW AND CREATE
A DATA FILE FOR AQUA

QUTPUT: (MAGNETIC TAPE)

1. TEMPERATURE

2. INTERFLOW DISTRIBUTIONS
3. GEOMETRY DATA

4. SYSTEM DISCRETIZATION

;b N
« s & e

CARD INPUT

PROBLEM SPECIFICATION
SYSTEM DISCRETIZATION
GEOMETRIC DATA
INITIAL CONDITIONS
OuUTPUT MODES

AQUA-II - WATER QUALITY
SIMULATION PROGRAM

w o

CARD INPUT

PROBLEM SPECIFICATIONS
1/0 MODES

QUALITY MODEL SELECTION-
DEFINITION

INITIAL AND BOUNDARY
CONDITIONS

OUTPUT MODES

FUNCTION:
PREDICT SPATIAL AND TEMPORAL
WATER
QUALITY STATE, CHANGES
OUTPUT:
1. PROBLEM SPECIFICATION,
QUALITY
2. MODEL SELECTION, INPUT
DATA
3. PREDICTED CONCENTRATION-
PROFILES
FIGURE 1.

Information Flow Diagram




8) Short wave radiation

9) Relative humidity

Group II
Hydrologic data

1) Water surface elevations
2) Upstream inflow rates and temperatures
3) Outflow rates from ‘reservoir

4) Tributary inflow rates and temperatures

General card input is structured to accommodate any units;
conversion factors may be input by the user. A complete data
echo initializes all printer output, listing all card images
{numbered according to group) loaded for program execution.
These listings aid in detecting random errors (such as keypunch
errorS or systematic inconsistencies in the original data). The
CLIMA program orgahization is shown in Figure 2. Variables used

are listed in Table 1.

TABLE 1. Variables Used in CLIMA

IYR - Year of meteorological observations
1DAY - First Julian day for the observations
LDAY - Final Julian day for the observations
NOBS - Number of meteorological observations per day
ITAPE - Output tape number

A -~ Evaporation coefficient 1

B - Evaporation coefficient 2

LAT - Latitude of site

LONG - Longitude of site

RESEL - Average water surface elevation

DATA (J,1) - Atmospheric pressure (mb)

DATA (J,2) - Sky cover (decimal fraction)

DATA (J,3) - Wind speed (m/sec)

DATA (J,4) - Dry bulb air temperature (°C)



DATA (J,5) - Wet bulb air temperature (°C)

DATA (J,6) - Dew point temperature (°C)

DATA (J,7) - Short wave solar radiation (Kcal/m**2-sec)
DATA (J,8) - Relative humidity (decimal fraction)

VPS (x) - Vapor pressure {mb)

QNS (J) - Net short wave radiation (KcalL/m**2-sec)

QAT (J) - Long wave atmospheric radiation (KcaL/m**2-sec)
AP (J) ~ Atmospheric pressure (mb)

DBT (J) - Dry bulb temperature (°C)

EA (J) - Atmospheric vapor pressure (mb)

WS (J) - Wind speed (m/sec)

ET (J) - Equilibrium temperature (°C)

CLD (J) -~ Cloudiness

DPT (J) - Dew point temperature

QS (J) - Gross shortwave solar radiation (KcalL/m**2-sec)
WBT (J) ~ Wet blub temperature (°C)

WC (J) - Water content of atmosphere

TA (J) - Average daily water surface elevation (m)

TB(J) - Average daily upstream inflow (m**3/sec)

TC (J) - Average daily upstream inflow temperature (°C)
NOUTS - Number of discrete withdrawals

ELOUT - Elevation of outlet-

WOT - Width of dam at outlet

QOUT (J) - Average daily outflow (m**3/sec)

QIN(J) - Average daily tributary inflow (m**3/sec)
TIN(J) - Average daily tributary inflow temperature (°C)

TERMA. The TERMA program performs the component function

of simulating the thermal-hydraulic behavior of a thermally
stratified reservoir. Vertical temperature profiles and inter-
flow distributions are computed for the specified simulation
period in days. The thermal simulation program operates on a
simple segment-element discretization. A complete reservoir
system is represented by N segments, each composed of M horizontal
elements (layers). The entire system is simulated segment by

segment, wcrking downstream. This successive simulation procedure



CLIMA

1. Reads card images
on to dis'.
2. Call SUBA

3. Call suBB
4. Call suBnC

SUBC

Read and handle hydraulic data
Call PICTURE for each trib-
utary, inflow and outflow
Return

SUBA SUBB
1. Read data from disk 1. Handle and out)ut meteoro-
2. Make unit conversions logical data to the output
3. Call SMOOTH file for the Y :PMA input
4. Return 2. Call EQUI

3. Return

SMOOTH EQUI
1. Smoothg meteo;ological 1. Calculate eqailibrium

data with moving average temperature s
2. Return 2 Return

FTGITRE 2

PICTURE

Call SORT
Plots data on line printer
Return

SORT

Prepares data to be plotted
by PICTURE
Return

CT.TMA . Proaram Oraganization




yields a quasi-two-dimensional representation of the reservoir

in the form of a series of one-dimensional vertical profiles.

Time step selection for all simulations is a critical

factor in program functionality and must be consistent with the

input data timé base (e.g., data - hourly - simulation step -

hourly, data - daily average - simulation step - 1 day, etc.).

Basic card input to the thermal simulation program consists

of two main groups and includes:

Group I

Simulation Specifications

1) Period of simulation, days

2) 1Initial and daily water surface elevations
3) Heat transfer coefficients

4) Thermal gradient range

5) System discretization

6) Location of tributary inflows
Group II

Segment parameters

1) Elevation - area profile

2) Segment lengths

3) Initial temperature profile
4) Element thickness

5) Diffusion coefficients

6) Output modes

All printer output is preceded py a complete listing of

input card images and is numbered according to group. The TERMA

program organrization is shown in Figure 3. Table 2 lists the

variables used.



SUBD

Read weather record
Calculate air-water
heat transfers
Return

SUBH

Locate flow layers

If outlet segment, return
Redistribute flows

Return

TERMA
1. Rcad da*a cards,
write ‘. disk
2. Call suiB (1)
3. Call su:B (2)
4. Call sL..C
5. Repeat : & 4
for eacit segment
T
SUEB
1. Read initial system data i
2. Read meteorological input SUBC
file (from CLIMA) . K
3. Read hydrological input l. Initialize sc¢ment volume
files (from CLIMA) 2. If tributary inflow into
4. PRe*urn segment read the data from
S. Read specific lake the disk
segment physical data 3. Read withdrawels from segment
6. Call SUBG if applicable
7. Write segment output 4. Enter executicn loop
8. Return 5. Call SUBD
6. Calculate denzity profile
7. Locate thermocline
8. Calculate hor:zontal energy
input
9. Call SUBH
10. Call SUBE if 2atlet is
in segment
11. Calculate enerjy inputs
12. Write results
13. Return
SUBG
1. Approximates point data
into a continuous linear function
2, Return

FIGURE 3.

SUBE

For outlets, calculate
flow boundaries,
Distribute outflow
Return

TERMA, Program Organization
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TABLE 2. Variables Used in TERMA

IDAY - Initial day of simulation period

LDAY - Last day of simulation period

UDZ - Segment element thickness {m)

ELRES - Initial system water surface elevation (m)

ELMAX -~ Maximum system water surface elevation (m)

EDMAX - Depth of short wave extinction (m)

A - Evaporation rate coefficient 1 (m/sec-mb)

BB - Evaporation rate coefficient 2 (mb)

NTRIBS - Total number of tributary inflows

ITRIB - Numbers of segments with tributary inflows

NLETS - Number of the segment with outflows

NOUTS - Number of reservoir system outlets

NOBS ~ Number of meteorological observations per simulation day

POOL (J) - Average daily surface elevation (m)

QUP (J) - Average daily upstream inflow (m3/sec)

TUP (J) - Average daily inflow temperature (°<C)

ELOUT (I) - Elevation of Ith outflow (m)

WOT (I) - Width of Ith outflow (m)

QOT (I) - Daily value of withdrawal of Ith outflow (m3/sec)

IAT - First day of tributary data from CLIMA

IBT - Last day of tributary data from CLIMA

NSEG - Segment number

NAP - Number of points in segment area profile

NTP — Number of points in segment temperature profile

NSD - Number of days for which output is specifically
requested

IPRT - Printing Interval (days)

INTP - Printing interval for vertical elements

(every INTPth element)

NXEQ - Number of executions per simulation day
IVAL - Simulation interval in a day with output
GSWH - Critical stability parameter

Al - Diffusion Coefficient 1

A2 - Diffusion Coefficient 2



A3

SDZ
RLEN
Z2(I)
AREA (I)
DZ (I)
MAXP
MAXE

T (K)
TDOT (K)
IDOUT
NOU (J)
VOL (J)
DVOL (J)
RESEL
AT

DZT
ABAR (J)
DRLT
DTBY2
NHOB
NHXQ
QIN (K)
TIN (K)
NUMP
NUME
NUM

NULL
DZTOP
EXCO
TFX (J)
DRNS (J)
ELTC
TOUT {J)
QOUT
QI

Epilimnion diffusion coefficient (not used)

Vertical thickness of standard element (m)
Horizontal segment length (m)

Elevation of Ith element (m)

Area of Ith element (m)

Thickness of Ith element (m)

Maximum possible number of elements

MAXP-1

Initial temperature {°C) at Kth elemert

Initial rate of temperature change (C°/sec)

Julian day number for specific printed output
Element number of outfall "J" location

Volume of Jth element

Dif ference in volume between Jth and (J+1) the element
Reservoir elevation (m)

Air Temperature

Vertical thickness of uppermost element (NUME)
Average of J & J+1 element areas

Number of seconds in each execution per simulation day
DELT/2

Number of hours between metecrological observations
Number of hours in each execution per simulation day
Daily tributary inflow rate (m3/sec)

Temperature of tributary inflow (°C)

Total number of element faces

Total number of element (NUMP-1)

NUME-1

NUM-~1

Thickness of surface element
Extinction coefficient

Temperature of Jth element

Density of Jth element

Elevation of thermocline
Temperature of outflow at outfall J
Total outflow

Total inflow to segment

10



NUSI
IMIX
DC (J)
ON
ONS
QNA
oW

QE

QcC
RESTM (I)
WS

DST (I)
SHEAT
EVA
EVAP
EA

EV
VSUM
ATWO
VTOP
ATOP
DZI(I)
NTC
AV (J)
QHI (I)
QHO (1)

AQUA-IT.

Number of upstream inflows

Layer above which reservoir 1is mixed
Diffusion coefficient for Jth element

Net radiation heat transfer (Kcal/ (m**2)-sec)
Net shortwave solar radiation (KcaL/m**2)}-sec)
Atmospheric longwave radiation (KcaL/m**2)-sec)
Longwave back radiation (KcaL/m**2)-sec)
Evaporative heat (KcaL/m**2)-sec)

Sensible heat

Residence time for Ith day

Wind speed (m/sec)

Downstream temperature on 1th day

Net rate of surface heating

Rate of evaporation

Cumulative evaporation

Atmospheric vapor pressure

Evaporation rate per unit area

Total volume of segment

Surface area of layer

Volume of surface element

Average surface area of top element
1/standard element thickness

Element in which thermocline is located
Vertical energy input to Jth element

Inflow to element I

Outflow from element I

The AQUA-II program solves the water quality

reaction and mass transport equations for concentrations of

each parameter at the end of each time step.

Card input to the AQUA-II program is necessarily complex

due to the variety of input modes (e.g., constant, variable,

uniform,

etc.). One standard data group is required for each

simulation consisting of:

11



Group I

Site Characterization - specifications

1) Simulation period

2) Reservoir discretization

3)

4)
5)
6)
7)

The AQUA-II program organization is shown in Figure 4 and
variables used are listed in Table 3.

Simulation mode (i.e., with or without water quality

reactions)
Quality model selection
Rate constants
Initial and boundary conditions

Output modes

A detailed description

of card input structure for each program is presented in the

following sections.

RLC
BODCAL (1)
REACAL (1)
DOXCAL (1)
RLD
TININ (1)
TININ(2)
TININ(3)
Cl

cz2

C3

C4

PHO (1)
PHOIN (2)
PHOIN (3)

TABLE 3,

Variable
Carbonaceous BOD

Decay rate constant

Reaeration coefficient
Saturation oxygen concentration
Benthic BOD

Rate constant NH4 - NO2

Rate constant NO2 - NO3

Rate constant organic - N+NH4
NH,, concentration

NO2 concentration

NO3 concentration

Organic N concentration

Rate constant, dissolved P + Sed. P

Rate constant, SedP»HPO4

Rate constant, Org.P—»HPO4

12

Variables Used in AQUA-TII



D1
D2
D3

COL1

COLCAL (1)

TC
TOXCAL (1)
TOXIN (2)

Z

P

ALGIN

(10)
11)
2)
3)
4)
15)
16)
7)

(
(1
(1
(1
(
(
(1
(18)

ALGCAL (1

HPO4 concentration
Sediment-P concentration

Organic-P concentration

Coliform concentration

Rate constant, decay

Toxic compound concentration
Rate constant, decay

Algal toxicity constant
Zooplankton concentration
Phytoplankton concentration

Maximum specific growth rate
Adaption to light

Extinction coefficient

Self shading factor

Detrital settling velocity

Michaelis constant for nitrogen

Michaelis constant for phosphoros

Algal repiration rate

Zooplankton grazing rate

Phyto/Zoco conversion efficiency

Michaelis constant for Zoo or phyto

N/carbon ratio, phytoplankton
P/carbon ratio, phytoplankton
N/carbon ratio, zooplankton
P/carbon ratio, zooplankton
Zooplankton respiration rate
Zooplankton decay rate

Algal setting velocity

Gross phytoplankton growth rate

Phytoplankton decay rate
Zooplankton growth rate
Zooplankton death rate

Effective nitrogen concentration

Effective phosphorus concentration

13

mg/1
mg/1
mg/1

NO/100ml

day_l

mg/1
-1
day

mg/1l
mng~-C/1
mg-C/1

day-l/°C

lux 1

-1
m

-1

m ~/mg/1l
m/dav
mg/1
mg/1
day_l/°C

mg/1



Al

AVEIAGE
Average inflows into

segment
Return

1.
2.

REARTN

Calculate reaeration
Return

AQUA

(S0 YW S

Iuprurt

Read model control cards
Call LOAD

Read 1initial conditions
Call ZERO

Return

N

LNAD

Loads model coefficients
Return

%1 RO
Initializes data array

Return

FIGURE 4.

1. Read input rom TERMA
2. Call 1HPUT 1)
3. Read therma hydraulic TEMPER
data from TI'RMA
4. Enter segma L loop 1. cCalculate temperature
5. Call INPUT ) corrections for rate
6. Enter daily oxecution loop constants
7. Enter "hour " execution 2. Return
loop
8. Read concentirations from
tape
9. Call AVERAGK
10. Calculate ecuilibrium values
for each element
11, Call REARTH SETCY
ig‘ gz;i gEﬁgsR'l) l. Transfers initial concen-
N trations to the Y-array
14, Call DIFEQ . 2. Return
iz' gz%i g;:ggp'd) 3. Transfers new Y-array values
* to concentration matrix
17. Output results 4. Return
18, Continue
DEFFLQ TRANSP
1. 4th Order Runge-Kutta 1. Mass transport calculation

solution

2. Call DE (1} times)
3. Return i
DE
d
1. Solution for a{ (1)
2. Ccall TO:
3. Call ALG
4. Call PH¢:
5. Call TII
6. Call sPpt
7. Call BOr
8. Call DO:
9. cCall coI
10. Return

2. Call BKDRYS
3. Call TRIDAG
4. Reset concentrations
5. Return
ENDRYS
l. Estimate boundary conéitions
2. Return
TRIDAG
1. Solves system of linear
sirultaneous cquations
by Tri-diagonal method
2. Return

AQUA~II Program Organization




S1

TOX

1. Calculate rate of change
of texic compeunds
2. Retvrn
ALG
1. Cull SPECK
2, Calculatec rate of Zoo-Pbyto-plankton
population caanges
3. Return
PHO
1. Calculate rate of phosphoros
change
2. Return
TIN
1. Calculates rate of change

25 €2ur A1t1vmgoen ~Amnanents

Rerurn :
SPR
1. Calculates D-0 prcduction
by photosynthesis
2. Feturn
BOD
1. Calculate degradation
¢f BOD
2. keturn
[ DOX
1. Calculate D-0 rate change
2 Return
COL
1. Calculate coliform rate
of change
2., Pcturn

FIGURE 4. {~ontinued)

SPZCK
Calculate specific algal
growth rate as a function
of light, depth & algal
concentration
Return




DATA SOURCES

Input data for the three component programs are available
from a variety of sources according to the data category (mete-

orology, hydraulics, hydrology or quality).

Some reservoirs routinely collect onsite daily meteorologic
data such as air temperature, water surface temperature, evapora-
tion, wind speed, and relative humidity; however, in most cases,
meteorologic data recorded at the nearest weather station must
be used. Most of the meteorologic data can be obtained from the
National Weather Records Center, Ashville, North Carolina, in

either tabular or punched card form.

The required hydraulic data consist of the reservoir outflow
regulation policy tributary flows and the observed pool elevations.
These data are routinely collected and recorded by the Corps of

Engineers for Corps dams and are usually summarized by the U.S.
Geological Survey.

PREPARATION OF INPUT DATA

Card input modes for CLIMA, TERMA, and AQUA have been
designed for ease of use. All program listings identify and
define the necessary card input and include descriptions of
the variables, appropriate units, and suggested and/or default
coefficient values.

Inherent in the overall reservoir model is the use of
certain empirical coefficients which attempt to lump complex
phenomena into simple mathematical characterizations. The
specific values assigned to these coefficients are very im-
portant to the correct operation and accuracy of the model
components. The computer programs are presently designed to
default to a "workable set" of coefficients. However, calibra-
tion of the model to specific reservoir sites requires "work-
able ranges" for these coefficients in order to obtain good
spatial and temporal correlation between predicted and observed
data.

16



The fcrmal card input structures for the component programs

of the reservoir model are presented in Tables 4, 6 and 8.

CLIMA. Card input requirements for the program CLIMA are

described in Table 4. Table 5 is a sample listing of input data
used at American Falls Reservoir for the period April through
December, 1968.

TERMA. Card input requirements for the program TERMA are

described in Table 6. Table 7 is a listing of input data cards

used at American Falls Reservoir.

AQUA-II. Card input requirements for the program AQUA-II
are listed in Table 8. Table 9 is a listing of input data cards

used at American Falls.

Sample listings of output from TERMA anc ACUA-II are shown
in Tables 10 and 11 respectively.

Table 12 is a complete listing of all three programs.

17
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TABLE 4. Card Input for CLIMA

Card Card Variable Default
No.  Format Columns Description Name Value
GROUP I - SITE CHARACTERIZATION AND METEOROLOGY
1 16A5 1-80 Title TITLE NONE
2 5I10 1-10 Year of the meteorologic observations IYR NONE
11-20 First Julian day for simulation IDAY NONE
21-30 Final Julian day for simulation LDAY NONE
31-40 Number of meteorologic observations per day NOBS .NONE
41-50 Tape No. for data file output ITAPE 0
3 58£10.0 1-10 Evaporation coefficient No. 1 A 0.0
11-20 Evaporation coefficient No. 2 B 1.E-10
21-30 Latitude of reservoir site LAT NONE
31-40 Longitude of reservoir site LONG NONE
41-50 Average water surface elevation (m) RESEL NONE
4 I10 1-10 Code identifying meteorologic parameter to be ID NONE
entered next (0 terminates Group 4 input)
ID Code Parameter Units
(Optional) 1 Atmospheric pressure Millibars
2 Sky cover Decimal fraction
3 wWind speed Meters/sec
4 Dry bulb air temperature Centigrade
5 Wet bulb air temperature Centigrade
6 Dew point temperature Centigrade
(Optional) 7 Short wave solar rad. Kcal/M**2*sec
(Optional) 8 Relative humidity Decimal fraction
3E10.0 11-20 Conversion factor 1 raw Cv 1.0
21-30 Conversion factor 2 XID=CV*(XID + CVA)+CVB CVA 0.0
31-40 ‘Conversion factor 3 XID—meteorologic parameter CVB 0.0
I5 41-45 Switch for inputting constant or variable mete- LOGIC 0

orologic data values (positive #-+constant,

O»variable)
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TABLE 4

Card
No.

(continued)

Format

Card
Columns

Variable

Default
Value

5

8E10.0

I10

A5

1-

10

80

Description Name

Data set for the meteorologic parameter desig- DATA

nated in

Note: A.

Insert a 0

ID code in card 4:

ib 2, 3, 4, and 5 or. 6 are necessary
to run. If data for ID 5 are not
available, it is recommended that
data for ID 8 be included in addition
to data for ID 6 if at all possible.

There should be as many card group

4 and 5 sets as the number of ID
parameters used (with a minimum of 4
sets). An equal number of card group
5 cards will also be needed to
provide input data for the simu-
lation period if variable input is
used. If constant input is used,
each card group 4 will be followed
by one card group 5 with the con-
stant value to be used for that
parameter.

(zero) in column 10 to terminate

Group I input data

The Sentry designating end of Group I caxd

input is

END (right justified) END

NONE

NONE
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TABLE 4 (continued)
Card Card Variable Default
No. Format Columns Description Name Value
GROUP II - HYDRAULIC AND HYDROLOGIC INPUT
1 315 1-5 First Julian day with hydraulic and hydrologic IDAY NONE
data
6-10 Last Julian day with hydraulic and hydorlogic LDAY NONE
data
11-15 Blank NONE
4E10.0 16-25 Units conversion factor 1] units - m Al 1.0
26-35 Units conversion factor 2 | units - cms Bl 1.0
36-45 Units conversion factor 3 | units »> °C Cl 1.0
46-55 Units conversion factor 4 ) units » °C C2 0.0
Conversion factors transform raw data to
metric units indicated
2 3E10.0 1-10 Average daily water surface elevations TA NONE
11-20 Average daily upstream inflow rates TB NONE
21-30 Average daily upstream inflow temperatures TC NONE
Repeat card group 2 for each day in simulation
period
3 3I5 1-5 First Julian day with outflow (discrete I1DAY NONE
withdrawals)
6-10 Last Julian day with outflow (discrete LDAY NONE
withdrawals)
11-15 Number of outlets with withdrawals NOUTS NONE
3E10.0 16-25 Units conversion factor 1| units - m Al 1.0
26-35 Units conversion factor 2; units - m Bl 1.0
36-45 Units conversion factor 3} units > cms Cl 1.0
4 2E10.0 1-10 Elevation of the outflow ELOUT NONE
11-20 Width of dam at elevation of outlet WOT NONE

Repeat card group 4 for each outlet in system
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TABLE 4 {(continued)

Card Card Variable Default
No. Format Columns Description Bane Value
5 8E10.0 1-80 Average daily outflow rates QOT NONE

1-80
Repeat card group 5 for each outlet, maintain-
ing the same outlet order established in
card group 4
6 315 1-5 First Julian day of tributary inflow IDAY NONE
6-10 Last Julian day of tributary inflow LDAY NONE
11-15 Number of tributaries with significant inflows NTRIB NONE
3E10.0 16-25 Conversion factor 1| units -+ cms Al 1.0
26-35 Conversion factor 2} units -» °C Bl 1.0
36-45 Conversion factor 3| units - °C B2 010
7 2E10.0 1-10 Average daily tributary inflow rate QIN NONE
11-20 Average daily tributary inflow temperature TIN NONE
List all data for first tributary, then
proceed to other tributaries in succession
8 AS 1-5 The Sentry designating the end of Group II END NONE

card input is END (right justified)
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TABLE 5. Input Data - CLIMA

AMERICAN FALLS RESERVOIR CALIBRATION 1968 DATA

68 1 365 1 1
D« NEO 160E~10 43, 113 132000
1 36 3GF1 Ne0 00 0
24526FN1 20544F01 2,565F01 2e572FN1 2.549FN1 2.581F01
2¢540F01 2,519FN01 2.,573F01 24596E01 2,586FE01 24570F01
Continue atmospheric pressure data cards
2¢503F01 24527F01 24519E01 2,534E01 24555E01 24574E01
2 leNF=1 NeN NeN N
147F01 1.0E01 Neb6FN1 NeAFN1 NeIFENT] Ne2E01
1,0F01 1.0F01 Ne4FO1 Ne2EN1 NeHENL NeBEDI
Continue sky cover data cards
NeQF01 1+.0EO01 N.9E01 N«2E01 0s.4E01 D«9EO1
3 LetTE=-] Oe0 Qa0 0
1«57F01 NeSNENI] 1e44EO01 lel4Fn1l 1.88Fn1 0.63E01
le6NE01 2467FN] Neg71F0C1 Dea53FN1 D«52F01 Ne6NEN1
Continue wind speed data cards
4 5¢56F~1 ~-342F1 0e0 0
27601 145€01 241F01 2 0FN1 2.4E01
C-oe L L B . IOAFOI
3,4F01 3¢1FE01 la4F01 Ne8EN1 le2E01 241EQ0]

2,563FnN1
24545F01

Ne6ENI
0.8E01

Ne 901
2+H6E01

24546F01
2e540E01

l«0EO1
Qe8E01

2e4FQ1
2e9EQ1
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TABLE 5.

2e4ED]
5
?2¢71E01
2¢95F01

2¢50F01
6
2e3F01
241FN1

2e0F01
-
be71FO1
3471FN1

Qe NAFO1

8
Te4B8FO1
€e73FN1

continued

Continue dry bulb temperature data cards

2e6FN1 3 ,NFO01 1.8EDN1 NDelFn1 N 0F0D1
5456F—1 -3, 2F 1 0.0 0
l1e49FN] 1.88F01 1478E01 2e3°E0D1 l1e25F01
2e98FN1 1e¢5NFO01 0etBEN] 1eN4FENI 1o 79E01
Continue wet bulb temperature data cards
2¢28E01 2e66F01 1e4BEDN1 NaS6EN] Ne0QED]
5e56F =1 —34,7E1 Qe 0
141FN1 1.2FN1 1« OFN1 le6EN1 e 7EN]
2e3EN1 1e0FO0]1 Ne1FN1 Ne5FN1 l1e72EN1
Continue dew point data cards
1e 7FN1 242E01 0e9E01 -De2F0]1 ~0.7E01
lel157E-4 0.0 NDe0 N
8.88FO0]1 19.,65E01 166456EN1 14436501 2N«01F0D1
34 T74F01 2Ne83F0N1 2N« ?9E01 1N0«69EN1 11.67FC1

Continue shortwave solar radiation data cards

TeH5FN1 12412701 7.37EN] 10.326E01 Q.a23FN1
TeF=-2 Ne 0 Ne0) n

Bel6FEN1 6+88F01 6e54E01 5e¢53FE01 7e53E01

5e55FN1 7e63F01 8.16E01 7Te33FnN1 7Ta1060]

NaHCFO]
2e16EN01

N NENN
leSFnN1

17.99F0N1
12421501

Teb64ED
5.80NEQ1

2+4BEN
Z2e5€EED1

1.5E01
2eNEO]

5¢19E01
13469F01

Se43E0]
7T+08EN]
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TABLE 5. continued

Continue relative humidity data cards

7.51E01 6e¢93E01 7e¢45E01 7Te09ED1 678E01 6061E0]

END GROUP 1
1 365 «3048 «0283? 1e0 0«0

434 ,15F01 352.NFEN] Ne42EQNT
434,17F01 342.NF01 Ne42F01

Continue flow, temperature, elevation data cards

434L.60F01 343,001 De&7EO1

1 265 2 «3048 30480 1.0
43N0, 285
434£3,8 240,
4o2449F1 4,2022F1 10.5765E1 17.2601E]1 11e8906E1 1264254E1

10.8248F1 18,8753F1 12,0457E1 1842338EFE1 1744820E1 5.0000E1

Continue outflow data cards

C'/\ncqco ﬁeof)oq:q f\.nﬁ()f\ﬂ") f\.()ﬂanr\, Ognnonqo Qs NOONFO
1 265 3 1.0 1.0 0«0

6e734E07 Neltr2EN1

£,9007E0] Neli 2F N1

Continue inflow and temperature data cards

0e72E00 Ces7EQ1
FEND CLIMA INPUT

11.6305F1 17.7600E1

11.1717E1

N NO0NFD

11.3802E1

0.0000FO0
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TABLE 6. Card Input for TERMA

Card Card Variable Default
No. Format Colums Description Name Value
GROUP I
1-2 16A5 1-80 Title or comment identifying the simulation CMENT NONE
3 2110 1-10 First Julian day in the simulation period IDAY NONE
11-20 Last Julian day in the simulation period LDAY NONE
4 3E10.0 1-10 Segment element thickness (m) UDZ NONE
11-20 Initial reservoir water surface elevation (m) ELRES NONE
21-30 Maximum reservoir water surface elevation (m) ELMAX NONE
5 5E10.0 1-10 Depth of shortwave extinction (m) EDMAX NONE
11-20 Evaporation rate coefficient 1 A 0.0
21-30 Evaporation rate coefficient 2 BB 1.E-9
31-40 Maximum thermal gradient allowed (not used) GMAX NONE
41-50 Minimum thermal gradient allowed (not used) GMIN NONE
6 8TI10 1-10 Total number of tributary inflows NTRIBS NONE
11-60 Segment numbers with tributary inflows ITRIBS NONE
61-70 Number of the segment with outflows NLETS NONE
71-80 Number of reservoir system outlets NOUTS NONE
7 A5 1-5 The Sentry designating end of Group I card input
is END END NONE
GROUP ITI (NOTE: data group is repeated for each reservoir segment)
1 8I10 1-10 Segrent number NSEG NONE
11-20 Number of points in segment area profile NAP NONE
21-30 Number of points in segment temperature profile NTP NONE
31-40 Number of days for which printed output is requested NSD NONE
41-50 Time interval for printing (days) IPRT NONE
51-60 Print interval for vertical elements INTP NONE
(1+every element, 2-+every other element, etc.) :
61-70 Flag for output of temperature to tape (>0) ITAPE NONE
71-80 Flag frr output tempmerature and flow predictions NTAPE NONE

for quality proaram (the number assigned to
output tape) |
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Table 6 (Continued)

Card Card Variable Default
No. Format Columns Description Name Value
2 2I10 '1-10 Number of executions per simulation day NXEQ 1.0

11-20 Simulation interval in a day with output IVAL 1.0
3 6EL10.0 1-10 Critical stability parameter GSWH 1.E-6
11-20 Diffusion coefficient 1 Al 1.E-3
21-30 Diffusion coefficient 2 A2 1.0E-9
31-40 Diffusion coefficient 3 A3 0.0
41-50 Vertical thickness of standard element (m) SDZ
51-60 Horizontal segment length (m) RLEN NONE
4 2E10.0 1-10 Elevation at which area is specified (m) TA NONE
11-20 Horizontal surface area (m2) TB NONE
1-10 Note: Start with bottom elevation
11-20
5 3E10.0 1-10 Elevation at which initial temperature is specified TA NONE
(m)
11-20 Initial temperature at this elevation (°C) TB NONE
21-30 Initial time rate of change of temperature (°C/sec) TC NONE
6 1615 1-5 Julian day numbers with printed output (up to 50 IDOUT NONE
6-10 days) (NSD > 0)
76-80
7 A5 1-5 The sentry designating end of Group II card input END NONE

is END
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TABLE 8. Card Input for AQUA-II

Card Card Variable Default
No. Format Column Description Name Value
PROBLEM SPECIFICATION
1-2 16A5 1-80 Comment cards or label TITLE NONE

1-80 identifying the simulation
3 1015 1-5 First Julian day of simulation zgiizdgsztagerzge IDAY NONE
6-10 Final Julian day of simulation for TERMZ LDAY NONE
11-15 Switch for selecting transport only (>0) LOGIC NONE
16-20 Time print frequency (hours) : IPRINT NONE
21-25 Space print frequency (elements) NPRINT NONE
26-30 Tape No. W/ thermal and hydraulic input NTAPE1 4
31-35 Tape No. W/ upstream inflow concentrations NTAPE2 4
36-40 Tape No. for guality output NTAPE3 NONE
41-45 Number of reservoir segments NSEG NONE
46-50 Number of days for which special printed output
will be requested
3a 1615 1-80 Julian day numbers for special printed output
4 215 1-5 Number of elements in the segment NELEM1 NONE
6-10 Dummy variable (blank) NADA
2E10.0 11-20 Simulation time step (hours) DELTH
21-30 Standard element thickness (m) DELZ
5 5I5 1-5 Algae models (2) MODALG 2
1 = Algae calculations performed
2 = Algae calculation not performed
6-10 BOD models (1) MODBOD 1
1 = Only total BOD is modeled
11-15 Dissolved oxygen models (1) MODDOX 1
1 = Calculates rate of change for D.C.
16-20 Nitrogen models (2) MODTIN 2
1 = Algal nitrogen model
2 = Ammonia-nitrate only model
21-25 Phosphorous models (2) MODPHO 2

1 = Algal phosphorus model
2 = First order decay model



Table 8 (continued)
Card Card Variable Default
No. Format Column Description Name Value
PROBLEM SPECIFICATION
6 I5 1-5 Parameter Identification ID NONE
ID Code Quality Submodel
1 Algae
2 Coliform
3 BOD
4 Toxic compounds
5 Nitrogen
6 Phosphorous
7 7E10.0 Coefficients for submodel indicated in Card 6
ID Coefficient
) 1 Saturation growth rate (l/day-C) ALGIN(1) 0.53
0 Adaptation to low light (1/LUX) ALGIN (2) 0.00054
Extinction ccefficient (1/m) ALGIN(3) 0.5
Algal attentuation coefficient (1/m-mg/1l) ALGIN (4) 0.20
Organic nitrogen setting velocity (m/day) ALGIN(5) 0.30
Nitrogen limiting constant {(mg/l) ALGIN(6) 0.025
Phosphorus limiting constant (mg/l) ALGIN(7) 0.006
Phytoplankton respiration((l/day-C°) ALGIN(8) 0.005
Zooplankton grazing rate (1/mg-C.-day) ALGIN(9) 0.13
Phyto to zoo utilization efficiency ALGIN(10) 0.6
Michaellis constant for phytoplankton (mg-C./L) ALGIN(11) 1.5
Nitrogen to phytoplankton ratio ALGIN(12) 0.08
Phosphorous to phytoplankton ratio ALGIN(13) 0.02
Phosphorous to zooplankton ratio ALGIN(14) 0.02
Nitrogen to zooplankton ratio ALGIN(15) 0.08.
Zooplankton respiration (1/day-C) ALGIN(1l6) 0.01
Zooplankton death rate (1/day) ALGIN(17) 0.1
Algal settling velocity (m/day) ALGIN(18) 0.1
ID Coefficient
2 Coliform decay rate (l/day) COLINilg 0.5
Order of decay law COLIN(2 1.0
COLIN(3) 1.1

Temperature coefficient
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Table 8 (continued
Card Card Variable Default
No. Format Column Description Name Value
PROBLEM SPECIFICATION
ID
3 Total BOD decay rate (1l/day) BODIN(1) 0.1
Benthic BOD uptake rate (g/m”/day) BODIN(2) 0.0
Temperature coefficient BODIN (3) 1.02
4 Toxic degradation rate (l/day) TOXIN(1l) 0.0
Algal toxicity constant (mg/l) TOXIN(2) 1.0
Temperature c¢coefficient TOXIN{3) 1.05
5 Ammonia to nitrite rate (1/day). TININ(1) 0.10
Nitrite to nitrate rate (l/day) TININ(2) 5.00
Organic-N to ammonia rate (1l/day) TININ(3) 0.10
6 Phosphorus to sedimentary-P rate (l/day) PHOIN (1) ‘0.10
Sedimentary-P to soluble phosphorus rate (l/day) PHOIN(2) 0.10
Organic-P to soluble phosphorus rate (1l/day) PHOIN(3) 0.10
NOTE: Card groups 6 and 7 must be repeated for each of the six
submodels given in the ID code list in the card group 6
list above.
8A I5 1-5 A sentry for selecting the mode of input- SWITCH NONE
Switch<0 -- constant (no vertical variation
for the K-TH parameter)
Switch=0 -- variable
6-15 Parameter value (switch<0) CONC NONE
8B 8E10.0 Parameter -values (switch=0) C(J,K) NONE
C(J,1) ....soluble phosphorus (mg/l)
C(J,2).....organic phosphorus (mg/1)
C(T,3)eunn total B.O.D. (mg/1)
C(J,4)..... coliform (No./100ml) J=element number/W bottom - J=1
C(J,5)..... ammonia nitrogen (mg/1)
C(J,6)..... nitrite nitrogen (mg/1)
C(J,7)..... nitrate nitrogen (mg/1)

C(F,8)euunn organic nitrogen (mg/1l)
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Quality variation (days)

0 = constant input
1 = daily
7 = weekly

c

(0]
t

Table 8 (continued)
Card Card Variable Default
No. Format Column Description Name Value
C(J,9)eev.. toxic compound (mg/1)
C(J,10)....phytoplankton (mg-C/L)
C(J,11)....zooplankton {(mg-C/L)
C(J,12)....dissolved oxygen (mg/1)
Card Group 8B is a set of initial conditions for the segment beginning
with the bottom element. Elements in each segment are indexed from the
reservoir bottom to the water surface, and the initial conditions must be
loaded in a similar order.
Twelve Card 8B groups are loaded for each segment, starting with the first
parameter (soluble phosphorus) and ending with the twelfth (DO).
9 I5 1-5 Interval for upstream inflow INT NONE
quality variation {(days)
0 = constant input
1 = daily variation
7 = weekly variation
etc.
10 7E10.0 1-70 Upstream inflow quality CCIN(1,K)
(12 parameters)
Must be in same order as indicated for Card Group 8B.
11 L5 1-5 Logical sentry to determine tributary inflow NTRIBS NONE
True = one tributary inflow to segment
False = no tributary inflow to segment
I5 6-10 Interval for tributary inflow INT NONE



Table 8 (continued)

Card Card Variable Default
No. Format Column Description Name Value
12 7E10.0 1-70 Tributary inflow gquality CTRIB (K) NONE
(12 parameters)
must be in same order as Card Group 10
13. Ab 1-5 Sentry designating end of input deck END NONE

(43

The last card of input deck has END
starting in Column 1
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TABLE 9.
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Continue upstream quality data
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Sample Input Listing - AQUA-II
LEC $1,19A0

3709 328
A5
Jo 7

;olé'l

MaYa=14

365
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TABLE 9

. Continued

4,2¢t=1 TevE=S$ Felk=2 2yt R,Q0E
TRLE i
1,At=1 5,9 =1 2. 1bL7Y 19.,82E % 2 lE=1
S.,1b=1 1.%c=5 2,PEe=2 P =} 9,VEND
. Continue tributary one quality data
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TZ.E 9. Zontinued

6,27 PN RIFS i strov 14,1962 Mo LPF 2
1,31k T,vk=s Fuvked P =y 7,424

Continue tributary two guality data

Continue same format for all tributaries.

9,9k =~ FENE R B e dFL AN 19,29E2 S5.ME=4
d,¢c=) 1 ,vhet AL hwe 2.lre} T .99 w
FnG

A =p

4,2E=3

1, g=}
MaYB=1 4
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TABLE 10.

KESFAVATLR STMULATIONY PRUGHAM

SATTRLLU=NURTHWEST

waTeR RESLIUXCES SYSTEMS SECTION

Paile 88X 999, RICHL AN

PALGFE N3, 1
st ymeNT 1

SUrMMARY

CENESAL, SYSTEM INFORMATION
RESERVDIR FLEVATIUN
SURFACF ELFMENT
Yoital SYSIEM INFL W
TOTAL SYSTEM OQUTPLOW
ELeY TRERMOCLINE
DNANSTRESAN TEMP
wETERTILN 1IME

SUKFACY HMEAT ExCHANGES

<N
(EL
n(INA
g
wE
4C

WASHINGTON

NF JUTPUT FOR STIMULATION DAY 168

Sample Output - TERMA

EXECUTION INT

1327,19 M SURFACE AJR TEMP
1,19 ™ SURFACE WATER TEMP
565,5 CMS EVAPORIZATION RATE
624,55 CMS CULM EVAPUR]I2ATION
1325,0 ™ NET SURFACE HEATING
2.d@ DEG C LOWEST MIXED ELEV
14,0 DAYS TRTBUTAKY INFLOW
8, 4NPE=P2 KC/M2/3
1.653E=Pa AC/M2/S
7.286E=82 <C/M2/>
9.539E=R2 <C/M2/5
2 UTDE=B2 KC/ME/$
1.483Ee0h KC/Mp/5

!

16,68
19,21
4,7T7€ 19
Yal93

=1 ,52E-2
1326,0
124.8

DEG C
DEG C
CM8

M
KC/M2/8
M

CMS
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TABLE 10.

continued

RESERVNIR SIMULATINN PREGRAHM
RATTELLE=NORTHWEST
WATER RESDURCES SYSTEmMS SECTION

P,MNe BUX 949y, KICKHLAND WaSAINGTON
PAGE Nl
SELUMEN]
SUMMAKY 0OF OUTPUT FOR SIMULATION

FLEVATINAY TEMP DEG C TEMP DEG F
131,80 14,6994 58,4589
1319,0 14,9383 58,8839
1820,4 19,2167 56,3941
1328 ,4d 15.5899 bA,N618
142¢.9 16,1164 61.21723
14825,4 10,8741 62,3735
1324,0 17,8795 64,1827
1529, 16,6272 65,5290
1326,0 19,0139 bb,2242

DAY

168

HORZ OUT

58,5547
64,1270
69,7232
75,2798
By,8558
86,4320
92,0087%
97,5845

2,020

EXECUTION INT

HORZ IN

62,3949
68,3563
74,2786
82,2208
86,1631
92,1954
98.M477
1¥3,990¢
2.,R200

i

DIFF COEF

2,000E=21
1.200E=09
1,000E=-29
1,000E=09
1.00QE=-DY
1.00QE=09
1.200€=09
1.@0@&'09
1.830AE=Y9
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TABLE 11 (continued)
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MADEL SELECTION
ALGAE AILL HE MODFLED
ToTAL BCL [S MORELED
P-3 1S FROPORTIONAL TO PHYTOPLANKTON CONCENTRATION
THE alLGal MNITROGE! MODEL wILL BE USED

e

THZ ALGAL PHUSPHORDUS MODEL WILL BE USED
HODEL CONSTAMTS
ALGAE MOJEL CONSTANTS
SattleaTtad 1)4PTION EXTINCTION ALGAL ATTENUATION DETRITUS
GHO<TA RATE T Gm LIGHT CNEFFLCIENT COEFFICIENT DECAY RATE
(1/7c0Y=-C) (17044 (171 (1/M-11G/1L) (1/0aY)
s I8 L 530 RSN 2,50

PHOSPHORIUS |L1A41T] 1g PLYTOPLANKTON Z00PLLKTON PHYTO TO 200 MICHAELIS CONSTANT

NITROGEN LIMITING
CONSTANT
{MG/L)

1023

N]ITROGEN TO

covilanT PredIRATION RATE GRaZlIMG RaTE UTILIZATION FOR PHYTCPLANKTON PHYTOPLANKTON RaTIO
(MG7L ) (170aY) (L/MG-C,=DAY) EFFICIENCY (MG=C, /L)

I50 27 0630 600 1300 1080
PHOTPHT IS T PNTFRAQOUS TO MITROGF!N TO Z00PLANATON ZCOPLAMKTON SETTLING
PaYTEO 2N 10 aTr 20050607 54 RaT1O0 Z00PLANKTON RaT1) RESPIRATION UEaTH RaTE VELCCITY

(1/0aY~C) (1/0AY) (M/DaY)

20 .320 L0860 010 1000 2.000

COLIFu™ 1HOLEL CONSTANTS BOD MCDEL CONSTANTS
CECAY “aATR TROES OF TEMPERATIIRE TOTapL 80D BENTHIC B0OD TEMPERATURE
(L7047 JeCayY AW COEFFICIENT DECAY RATE UPTAKE RATE COEFFICIENT
(1/DAY)
<230 1.720 1,100 »100 « 000 1,020
TOX|C UDEL CONSTANTS NITROGEN RATE CONSTANTS
TOXIC CeEGeNaTION AlGal TOXIicliTY TEMPERA THRF AMMONTA TO NITRITE TO ORGANIC-N TO
RATF ZONLTaANT COEFFICIENT NITRITE RaTE NITRATE RATE . AMMONIA RATE
(1/0aY)Y (2670 (1/0AY) (1/0AaY) (1/0AY)
L0l D20 1.0L0 1.600 5,000 015
PHOSHHOAOU!L RATE COMSTANTS
ORGA'IIC PHORPALRUUS SEDIMENTARY PHOSPHOROUS ORGANIC-P TO SOLUBLE SEDIMENTARY
TO SIgIHENTARY=P R,TE PHOSPHORCUS PHUSPHOROQOUS RaTEg PHOSPHOROUS

2, 0] +100 v 020 ~.000
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TABLE 11

SEG"ENT
ELEV

1327.825%
1326.6G1]
1525,600
1324,4237
1523.5800
1322.599
132:.6070
1322.629
1319.452
1519.,100

SEG“ENT
ELEV

1327.525
1326.%21)
1325.650
1324,520
1573.9603
1322.600
1321.625
1327.6u0
1319.6¢

15

J
1319.150

SEGENT
ELev

1319.190

(continued)

1

PO4

e/l
1.5)-0}
1,500
1,901
1.9t
ME-BR!
1.50-J1
1.80-08
1.50- 1
1.923-J1
1,50-01

1

Fig

bis/L

2002
1.94-12
-
- L Y
sv -l L
1,000y
1.29-02
PR AP
1.20-02
1,5a-nZ
1, 2u-n2

1

Fa4

2h/L
Tead- A1
1,%9-01
187
i.2%-01
1.23-01
1.51-2
i,%1-11
1,511
1,24- .1
.zd-12

TIv“Es2r. DAYS
0 P A0
M3/ 6L
2470702 1.23%.3
2.00~.7 1.51+%40
2,307,272 1.5 00
2.29-22 1.5,%02
2,30-"2 1.%9.+00
2.30-,2 1.%9;+20
2,3G-22  1.25%0"0
2,30-07 1.23+00
2.90-07  1.5,%C0
2.39-22  1.531+00
TIMEL?Y . OAYS
CG P r20e
hVaS S0
13223y 2. f %
1.3 s.e3%800
1.9 col 300
1.3 FaA Al
1.30- Lo s+
Le22-01 .63+
Le30-59  2.63+40)
1.370=_9 2.¢1x010
1.537-01 02,5309
1.50=-04 c.£3+00
Tl14E12n, DAYS
L crtdy
EET4 G/
107470 1.44%07
Yy,22- 2 1.48%07
5.,95- 2 R
4,21-02 1.43¢u0
4,39-_.2 1.4>+10
4.,19-,2 1.43%+00
4, 36-722 1,44407
4,73-"2 1.45+(]
3,992 1.43+0C
3.06=07 1.4+

24.C3
COLIF
NO/17G WL
2e00*Cy
2.30%00
2. 00*0y
2.00%0¢C
2.00+09
2.00*%0¢
2.00%03
2.53+90
2.00%00
2.00*00

24,70 HOURS

COLIF 4
M/210000
4.95%00
4. 004972
4,90+02
4,00+
S.90%n2
4,75+
4.53¢72
4,%¢0+072
4,99+07
4,90+0

24.09
CrLIF .
L7100 00
203401
1.°A7+01
1.76%0,1
1.69+(3
1.03+03
1.57+7 1
1,53+01
1.57+C1
1.28+01
1.22+%01

HTURS
NH3
MG/L

1.80-01

1.40-01

1,897-01

L.8n-p1

1.8n0-01

1.80-01

1.60-01

1.80-01

1.60-01

1.80’01

INITIAL COFLITIONS

MO?2 .03 ORL N
NG/L MG/L MG/L
1.07=02 7.¢7-02 5.00°01
1.00-22 7.00-02 5.70-01
13,0012 7.¢n=92 5,00-01
1.,00~02 7.00-22 5.00701
1.00-v2 7.{06-72 5.00701
1.02=02 7.,u0-n2 5.00701
1,02-2?2 7.p00-02 5,00-01
1.,072-07 7.n0-02 5.c0-01
1.,03-y2 7,00-c2 5.0u-01
1.n0-02 7,p0-C2 5,00-0%

UPSTREAM InFLN~ (ONCENTRATIONS

NHY

MG/
3.gn-z52
3.09-02
32.00-0.2
3.00-02
3.00-n2
3.30-0¢
3.00-02
3.cn-02
3.00-02
3.0n-02

A OURS
MY
M/

7.65-0p

7.67=-92

7.68-52

7.72-02

7,76-n¢

7.,83-92

7,91-02

6,08-p2

7,.97-02

7.93-02

NO? 1B ORL N
vG/L M6/ MG/ L
1400737 2:10-01 %.490°01
1.30=02 2.12-01 4.40-01
1010=32  2.:0-01 4.40-01
1.20-07  <Za39-91 4,4U-01
1.7C=07  Ze12-01 444001
1,30-u2  &erd-0y 4,40-701
1.)C=0?2 2.10-01 4.40-01
1.90=32 2,10-0t 64.40-01
4,9C=02 2,10-n1 4,40-01
1.n10=02 2,10-01 4,4U-01

SIULATION RESULTS

» o2 Vi3 QRGN
MG/L G/L MEZL
1,7C=J> 1.,9-01 4.9.7C1
1,70=0¢2 1.07=-01 4,92-01
$,70=02 1.03-01  4.95-01
1.,7C=07 1.33-01 4,93-01
$.7002 1,00-C1 4.93-C1
1,70"02 1.07-01 4,95-01
1,70-02 1,3%-p1 4,93-p4
1,7¢=02 1.'4-p1 4.,94-01
1,71-02 1,'d-01 4.94-01
1.71%02 1.,07-01 4,99-01

TUXlc

MG/
1.00-c3
1,00-03
1,00-nJ
1,00-03
1,00-03
1.C0-203
l.00-03
1,00-03
1,00-03
1,00-03

TUX]C

ML/ZL
1.,00-03
1+00-n2
1,00-n3
1,.00-03
1,00~03
1,00-03
1,00-173
1,00-0J5
1,00-n3
1,00-03

TOx!lc

MG/
1,00-03
1,00-23
1,80-03
1,00-93
1,00-0
1.00-03
1,00-03
1,00-~03
1,00-03

1,00°03 -

PHYTO

MG=C/L
2.00-02
2,00-02
2,00=-02
2.00-02
2,00-02
2,00-02
2,00-02
2,00-02
2,00-02
2+00-02

PHYTQ

MG=C/L
?2.00-02
2.,00-02
2,00-02
2:.00=02
2.0u-02
2:0y=02
2+90-~02
2:00-02
2,00~02
2,00-02

PHYTO

MG=C/L
2125-02
2,22-02
2.25=02
2,24=32
2,24=-02
2.23-02
2,22=-02
2,18=02
2109'02
2104-D2

200
MG-C/L
2.00-03
2.00-03
2,00-03
2.0C~03
2.g0-03
2,0c~03
2,00-03
2,0n-03
2,00-03
2,00-03

7200
Me-c/L
2.00-03
2:00-C3
2.30-03
2,00-03
210003
2+00-03
2+.00-03
2,0n-03
2-00'03
2100'03

200
MG-C/L
1.81-03
1.81-03
1.81-03
1.81-03
1,81-03
1,61-03

"1,81-03

1.82-03
1,87-03
1.90-03

0.0,

MG/L
7.00%00
7.00%00
7.C0*00
7,00%00
74C0*00
7.00%00
7,00+30
7,00+00
7.00%00
7,00%00

0,0,

MG/L
8,00%00
8,cu*00
8,00%00
Byco*0d
8,00%0u0
8,50%00
8,00+00
8,00+%00
8,00+%00
8,c0+C0

0.0,

MG/L
7,37%00
7.47+900
6,85+50
6,87+30
6,65+00
6,66+%G60
6,67+g0
6,69+00
6,67+00
6,66%30

TEMP

CENT

1¢23%0%
1¢23+03
1425401
1123+01
123401
1:123+%2)
1.234N01
1417401
7.69400
5,20%00

TEMP
CENT

1423403
1,23%01
1123401
1.23%n1
1,23%c%
1:25°01
1,23421
117401
7,69+00
5,20400

TEMP

CENT

1,23%C4
1423%+721
1,23%3)
1:23%9%
1,23¢01
1423%01
1,23+01
1.,17%01
7,69+00
5,20%C0
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TABLE 11
SEGYENT 1
ELEV Fua
S5
1327.3984 2,60-11
1325.650 2,631
L2380 JE0-
13z4.4803 2075-0
1323.,6u0 2.9%4-01
1322.600 g, 2h-0y
1321.400 3.94- 1
1329.650  2,%4-4y
1319,6230 :,80-n
1319.4535 9Y.,80-u¢

(continued)

TIVE142.
0% P A
VAN c/
385-y 1.7
3,48~ _1 .3
3.75-00 0 1,8
3,86- 4 1.3
d002- 1 1.
W20 0 1.l
4,47-31 1,37
4,30- ¢ 1.3
3,001 1.3
1,94-01 1.0

LTS
L|
L

24.29
COLIF
N/ZZ1DO L
1.00%02
9.n/+(
G,47+01
9.un%0L
B, 7h+0
BLoedery
H,15+5
7.R9+5
7071451
6,73+,

HOURS
VH3
MG/L

5.,84-n72

S5,a96=n2

5,58-¢2

5,21-%2

‘4 ,24~02

v,?7-42

/063-02

8,7%9-352

8.04-ne
7,686-~72

S1tULATION RISULTS

Q2
MG/L
¢, 45-53
h,46-3
6,533
t.70-02
hS7-33
7,35-03
7e9 2=y
n,a8-073
4,48-n3
A 38~)3

Ay
rrsL
24€7-C1
2,¢5-01
2..06-01
2.08-01
2 7-01
e, 9-01
2,.0" =01
2.03-01
g.38-01
2.02-01

QRU N
Mo/l
3.41-01
3.,42-01
3,43-01
3,49-01
3.40-01
3,4/7-951
}.4/-01
3.47=-01
3.54-01
3,53-01

TOoXIC

MG/L
1.00-03
1,C0-03
1,00-03
1,0c-c3
1L:00-03
1,C0-n3
1,00-03
1+00-03
1,00-0)
1,00-03

PHYTOQ

MG=C/L
9.80-02
9,81-92
9,76-32
9,56-02
9.12-02
8,34-02
7,11-02
5,42-02
3,76-02
3,14-02

00
MG-C/L
1.08~03
1.07=-03
1:¢07=03
1.07-03
1|07'D}
1.07-03
1¢G7~03
1:09-03
1.07703
1,06-03

0.0,

MG/L
7,89+00
7,80%00
7,43%00
6,95+p0
6,57+g0
6,34+00
6,21+00
6,15%0¢
6,02*00
5,97+00

TEMP
CENT
1:67%01
1,67+01
1,66%91
1,64+01
1:60%01
1+95*01
1,26°01
1.46%0L.
1,42+%01
1,41%01



FINAL REMARKS

It is anticipated that these computer models will provide

an important decision-making tool for assessing future eutrophic

states of reservoirs and lakes as functions of nutrient inputs,

waste loadings, and hydraulic and morphometric site character-

istics.

-]

®

©
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Other potential applications of these models are:
Waste allocation studies
Evaluation of waste discharge impacts
Management of reservoir operations
Preimpoundment analyses

Nutrient diversion and lake recovery studies

These models, when applied by experienced analysts, can

be used to find sound and economical solutions to the complex

problems of lake and reservoir management.

Up-to-date program listings and source decks can be

obtained by contacting the Environmental Protection Agency,

Region X in Seattle, Washington. Battelle-Northwest will also

accept requests for program listings and source decks.
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