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ABSTRACT

Three existing mathematical models, capable of representing water quality
in rivers and lakes, have been modified and adapted to the Spokane River
Basin in Washington and Idaho. The resulting models were named the Steady-
state Stream Model, the Dynamic Stream Model, and the Stratified Reservoir
Model. They are'capable of predicting water quality levels resulting from
alternative basinwide wastewater management schemes, and are designed to
assist EPA, State, and local planning organizations to evaluate water qual-
ity management strategies and to establish priorities and schedules for
investments in' abatement facilities in the basin.

Physical data and historical hydrologic, water quality and meteoroclogic
data were collected, assessed and used for the model calibrations and
verifications. '

The modified models are all capable of simulating the behavior of various
subsets of up to sixteen different water quality constituents. Sensitivity
analyses were conducted with all three models to determine the relative
importance of a number of individual model parameters.

The models were provided to the EPA as cowputer source card decks in
FORTRAN IV language, with accompanying data decks. All development work
on, and applications made with, these models were fully documented so as
to permit their easy utilization and duplication of historical simulations
by other potential users. A user's manual with a complete program listing
was prepared for each model.

This report was submitted in fulfillment of Contract No. 68-01-0756 under
the sponsorship of the Environmental Protection Agency.

The titles and identifying numbers of the final report volumes are:

Title EPA Report No.

SPOKANE RIVER BASIN MODEL PROJECT DOC __/74
Volume I - Final Report

SPOKANE RIVER BASIN MODEL PROJECT ‘ DoC _ /74
Volume II - Data Report

SPOKANE RIVER BASIN MODEL PROJECT DOC __j74
Volume III - Verification Report .

SPOKANE RIVER BASIN MODEL PROJECT DOC __ /74
Volume IV - User's Manual for Steady-state Stream Model

SPOKANE RIVER BASIN MODEL PROJECT DOC __ /74
Volume V - User's Manual for Dynamic Stream Model
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SECTION I

INTRODUCT ION

This document is a supplement to Reference [3]. The Stratefied Model
(LAKSCI), documented herein, is an extensive modification of the Deep
Reservoir Model (DRM) described in References [1-5], and is one of three
water quality simulation programs developed by Systems Control, Inc.
(SCI) for use on the Spokane River Basin in the States of Washington

and Idaho. :

The three original separate programs comprising DRM (BAL, CEMIFP, and
CETSIP) have been combined into a single program named LAKSCI and
generalized. Subroutines which are unchanged or only slightly modified
include BETA, CURVE, PINE, PPLOT, SCALE, SUBA, SUBB, SUBB2, (formerly
SUBB of CEMIFP), SUBD, SUBE, SUBG, and SUBH. Subroutines BAL, QPRINT
and SUBC have been extensively modified. Seven newly added subroutines
are named FILL, GETAVI, GETCON, LAKCON, NEWIN, SETOPT, and SUN. The
resulting modifications have given LAKSCI the capability of simultaneous-
1y modeling the concentrations of as many as sixteen inter-related water
quality constituents in a stratified reservoir. All capabilities of DRM
have been retained.

The mathematical procedures used in the thermal and hydrodynamic simula-
tion are described in References [l] and [3]. The algorithms used to
model the quality constituents are explained in detail in Volume I (Part
IIT) of this report. The changes to DRM 'as described on pages 51-53 of
Reference [5] are included in LAKSCI.

The format of this users manual is generally consistent with the format
of Reference [3], subject to the constraints imposed by EPA documentation
specifications.

LAKSCI has been applied to Coeur d'Alene Lake and Long Lake (and to the
Spokane River Arm of FDR lake in modified form) and has been executed on
both the UNIVAC 1108 and the IBM 370/155 systems.



SECTION II

MODE OF OPERATION

The new Stratified Reservoir Model (LAKSCI) described herein may be
divided into three logical parts. These parts are:

Part I - Water Balance Program (Subroutine BAL)

This subroutine (previously referred to as the BAL program) calculates
a time history of the lake surface elevation as a function of lake in-
flow and outflow. It outputs the surface elevation, lake inflow, lake
outflow, and lake inflow temperature for use by Part III. Input to BAL
is lake inflow, lake inflow temperature, lake outflow, and lake coef-
ficients. It is described in more detail in Section III.

Part II - Meteorologic Data Processing (Subroutines SUBA, SUBB2)

These subroutines (previously referred to as the CEMIF program) accept

up to seven meteorologic parameters as input, convert them to appropriate
units, and output them for use by Part III. They are referenced in
Section 1IV.

PART III - Reservoir Simulation (Subroutine SUBB, NEWIN, and SUBC)

These subroutines, and the routines which they call, (together previously
referred to as the CETSIP program) read in all required input from cards
and from the data files written by Parts I and II and simulate both the
hydrodynamic and quality behavior of the lake or reservoir over the time
period of interest. Detailed descriptions of the numerous subroutines
are provided in Section V.

An execution of LAKSCI consists of successive calls to BAL, SUBA, SUBB2,
SUBB, NEWIN, and SUBC.



SECTION IIX

WATER BALANCE PROGRAM

DESCRIPTION OF SUBROUTINE BAL

Subroutine BAL calculates the daily variation in the lake surface
elevation as a function of lake inflow, lake outflow, and the lake
coefficients C,, C,, and C,. Previously this was a separate program,
but in this project”is has geen combined into the new overall LAKSCI
program, The required input is described in Table 9.

Subroutine BAL is called from the main program and makes a standard
return. It calls subroutine FILL to interpolate input values if
required and is entered only once during program execution. The daily
lake surface elevation is calculated in the following manner.

The lake coefficients Cl’ Cz, and C3 are defined by
C2d2 C3d3
v({d) = Cld + - + 3
A(d) = C, +C,d +C d2
1 2 3

where
vV(d) = volume of lake in acre feet (d is depth in feet)
A(d) = surface area of lake in acres

For each day being simulated QIN’ QO s and T are read in where
Q N is lake inflow in CFS, QO isUTake outflow in CFS, and T is
tﬁe inflow temperature in centrigrade degrees. QIN is adjusted by

p = Oyttt Q

where
f and Qg = input
The lake volume on day J + 1 is calculated from the volume on day J

by

Vi+er = V5t Q- Qyyp)fac



where

Vs

fac

1]

volume on day i (acre feet)

86400/43560 and changes CFS to daily volume in acre feet

The surface elevation on day J + 1 1is calculated from the elevation
on day J by the following iterative technique.

Zivyr =K 7 (Vj +1 " V(Xl))/Aj

where

Zi = surface elevation on day i (feet)

Ai = surface area on day i (acres)

If Zj+1 differs from Z, by more than .005 feet, Xl is set equal

to Zj+1 and the process”is repeated. A maximum of ten iterations is
allowed. When Zj+1 has been determined the "error" term Vj+1 - V(zj+1)

is calculated and stored for output. The number of iterations required
is also stored for output. When all days in the simulation period have
been considered, BAL writes the surface elevation (referenced to sea
level), QI’ Q0 , and T out on tape or disk for use by LAKSCI. A
summary is“also output on the printer (see Table 16).

The local program variables in subroutine BAL are defined in Table 1.
They are all undimensioned.



TABLE 1.

LOCAL PROGRAM VARIABLES OF SUBROUTINE BAL

Variable

Name ' Description
BOTEL Lake bottom elevation above sea level (feet)
FACIN Factor applied to inflow
GWFLOW Bias added to inflow (cfs)
RSELI Initial surface elevation above lake bottom (feet)
TA Conversion factor




SECTION IV

METEOROLOGIC DATA PROCESSING

INTRODUCTION

Previously the subroutines described in this section comprised a
separate program, CEMIFP. 1In this project they have been combined to-
gether to form Part II of the new overall LAKSCI program.

DESCRIPTION OF SUBROUTINE SUBA

A description of subroutine SUBA may be found on pages 13-14 of
Reference [3]. This subroutine reads in the basic meteorologic input
data and makes the required unit conversions. See Tables 10 and 11
for a description of the required input parameters and units,

DESCRIPTION OF SUBROUTINE SUBB2

This subroutine is described on pages 15-21 of Reference [3] under the
title of subroutine SUBB. The subroutine was renamed SUBB2 in LAKSCI
since the reservoir simulation portion of LAKSCI has a different sub-
routine named SUBB. Subroutine SUBB2 calculates the various meteor-
ological parameters needed by the reservoir simulation portion of
LAKSCI and also calculates the equilibrium temperature at the water
surface. A summary of the meteorological parameters employed is output
on the printer (see Table 16). '



SECTION V

RESERVOIR SIMULATION PROGRAM

INTRODUCTION

This third part of the new overall LAKSCI program previously comprised

a separate program, CETSIP (Corps of Engineers Thermally Stratified
Impoundment Program)., In its new modified form, it simulates the
thermal conditions and the quality constituent conditions in a lake or
reservoir. Hydrologic and meteorologic data, as prepared by subroutines
BAL, SUBA, and SUBB2, is used together with card input to model the
conditions over the required simulation period. The maximum period
which may be simulated is 365 days. The minimum time step allowed is
one hour. A maximum of one lake inflow is allowed, and the lake must

be conceptualized into 100 or less horizontal layers or elements.

This part of LAKSCI simulates the thermal behavior of an impoundment
using a forward stepping integration scheme on a set of differential
equations., Time is the independent variable and the accuracy of the
results is dependent on the length of the time step employed. With all
other parameters held constant, it can be stated that the shorter the
time step the more accurate the results. This statement is always true,
but many factors other than the length of the time step are important
to the overall accuracy of the simulation. Some information on the
selection of the time step and other items of importance are given be-
low. The sensitivity of LAKSCI to time step size and other parameters
is described in Volume I (Part V) of this report.

The following statements concerning the operation of LAKSCI can be made
at the outset. First, LAKSCI should never be run using time steps of
longer than a day's duration. A great deal of trouble will be avoided
if this suggestion is followed, even though technically the model will
work on longer periods. Secondly, LAKSCI cannot be expected to produce
temporal response characteristics which have more detail than the
observation interval for input data. What this means, of course, is
that if one wishes to investigate a particular aspect of a reservoir's
response, the input data pertiment to that investigation will need to
be supplied in at least as much detail as the shortest time period of
interest. Daily values for daily response, hourly values for hourly
response, etc. Finally, LAKSCI should never be run using more than 24
intervals per day. Again, the model is technically capable of doing
this, but such a practice is strongly discouraged.

Within the limits suggested above, the maximum time step allowed is
largely determined by the ratio of the volume of an element to the volume
of flow which is advected into or out of any element during any time step.
This ratio is defined as the advection ratio (R ), and is critical to
the model's operation. In no case should the R® exceed unity and

values on the order of 0.5 and less are most sat%sfactory. The magnitude
of the error in the model's results will be proportional to the amount

11



and frequency of the violation of this criteria, and no simulation should
be accepted for which violations occur with regularity. Experience has
shown that an occasional violation is often not critical to the model's
output, but one must remain alert to advection's role in the simulation.

The advection ratios for vertical advection (VAR) and horizontal advec-
tion (HAR) are shown on LAKSCI's printed output, and the sum of these
components indicates the total, Ra°

]
If violations in the R_ criteria occur, two courses of action are open,
both of which can be acgqmplished by card input to LAKSCI. First, more
execution intervals per day can be specified. This results in a shorter
time step, but.will increase the program's running time on the computer.
Secondly, the volume of segment elements can be enlarged by an increase
in vertical element size. This will result in larger elements, with a
corresponding decrease in computer time; this also results in a decrease
in vertical detail. The user's experience and requirements will dictate
the optimum selection of time step and element size.

Description of the subroutines which comprise the reservoir simulation
portion of LAKSCI follow. The group of subroutines which produces the
plots of temperature versus depth is not documented in this report.
This group consists of the following subroutines: CURVE, PINE, PPLOT,
and SCALE.

DESCRIPTION OF SUBROUTINE SUBB

Subroutine SUBB flowcharted in Figure 1 is called by the main program to
initialize variables and to read in the data necessary for the hydro-
logic and thermal simulation of the reservoir. The data files written
by subroutines BAL and SUBB2 are read in and stored and the inputs
described on cards 1-11 of the Lake Data input (see Table 12) are read
and processed. The area and volume profiles of the reservoir are
generated and stored as is the initial temperature profile. When the
input processing is finished, subroutine SUBB prints out a summary and
returns control to the main program which then calls subroutine NEWIN to
read in all relevant quality data. Subroutine SUBB has a second entry
point, namely PRNT. This portion of the code prints out the hydrologic
and thermal summary for a given day and calls QPRINT to print out the
quality conditions and CURVE to plot the temperature profile for that
day. ’

SUBB is called once from the main program and calls subroutine SUBG if
interpolation is required to generate the initial temperature profile.
PRNT is called as needed by subroutine SUBC and calls QPRINT and CURVE
to assist it in printing out the daily summary. The volume and area
profiles are generated from

v C.Z + (cz/z)z2 + (c3/3)z3

i 1

c, +C,Z+C Z2

A 1 %6 3

12
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Vj = volume of lake below and including element j (m3)
A.j = lower surface area of element j (mz)

Cl’ C2’ C3 are input coefficients

The local program variables in subroutine SUBB are defined in Table 2.
They are all undimensioned. :

TABLE 2.
LOCAL PROGRAM VARIABLES OF SUBROUTINE SUBB

Variable . Description
Name
ELMAX Maximum possible lake surface elevation

(meters above bottom)

IQ Temporary loop limit

IB ' Temporary Loop limi£

IC Temporary loop limit

IEND Upper value of print loop limit
1GO Lower value of print loop limit
IYR Meteorologic data year

MAX Temporary loop limit

Other local variables may be found on page 36 of Reference [3].
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DESCRIPTION OF SUBROUTINE QPRINT

Subroutine QPRINT is called to print out the current concentrations of
the constituents being modeled. The concentrations of all constituents
in each layer of the lake are output. QPRINT is called by PRNT and
calls no subroutines.

DESCRIPTION OF SUBROUTINE NEWIN

Subroutine NEWIN flowcharted in Figure 2, reads in the various quality
related parameters defined on cards 12-27 of the Lake Input Data (see
Table 12), SETOPT is called to set various internal logic flags based
on the input values of various options. A summary of the input quality
data is printed out and a check is made to insure that the BOD nitrogen
exceeds the algal nitrogen in each lake element.

Subroutine NEWIN is called once from the main program and calls sub-
routine SETOPT to set internal flags. Subroutine FILL is called to fill
in quantities which are not input by interpolation between values which
are input. The BOD nitrogen and algal nitrogen in a lake layer are
calculated as follows,

BOD weight
BODWT = BODC « 12/BODPC
where
BODC = cafbon to phosphorus ratio in éOD material
BODPC= dry weight fraction of carbon in BOD material

BOD nitrogen weight ratio
BODNWR = BODN * 14/BODWT
where

BODN = nitrogen to phosphorus ratio in BOD material

BOD phosphorus weight ratio

BODPWR = 32./BODWT

BOD nitrogen

BODNX = Cpon ° BODNWR/BODOQ

15
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where

CBOD = BOD concentration
BODOQ= BOD oxygen quotient
Algae Nitrogen

ALGN = C, * BODNWR/(APR * BODPWR)

A
where
C A T algae concentration
APR = algae to phosphorus ratio

The local program variables in Subroutine NEWIN are defined in Table 3.
They are all undimensioned.

DESCRIPTION OF SUBROUTINE SETOPT

Subroutine SETOPT is called to set various internal logic flags based on
the input values of various options. A summary of the constituents being
modeled is output. SETOPT is called by subroutine NEWIN and calls no
subroutines.

DESCRIPTION OF SUBROUTINE FILL

{

Subroutine FILL, flowcharted in Figure 3, is called by subroutines BAL
and NEWIN and fills in the values of specified entries in an array by

interpolation between adjacent array values. The parameters passed to
FILL are the array to be filled, the length of the array, and a check

value. Subroutine FILL replaces any array location which contains the
check value in the following manner.

A= (g -d)/K-M)
where
d, = the jth entry of the data array and the values between dM
J and dK are to be filled in
d2 +1 - dz + A
where

M<2<K-2

The local program variables in subroutine FILL are defined in Table 4.
They are all undimensioned.

17



TABLE 3.
LOCAL PROGRAM VARIABLES OF SUBROUTINE NEWIN

Variable

Name _ Description
ALGN Algal nitrogen in a lake layer (mg)
BODNWR BOD nitrogen weight ratio
BODNX BOD nitrogen in a lake layer (mg)
BODPWR BOD phosphorus weight ratio
CFsQ Inflow in CFS
CMSCFS M3/sec to CFS conversion factor
E1106 Diffusion coefficient E1 for printout
E2106 Diffusion coefficient E2 for printout
XLATD Latitude in degrees for printout

18
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TABLE 4.
LOCAL PROGRAM VARIABLES OF SUBROUTINE FILL

Variable

Name Description
DEL Data increment
M1 Upper loop limit for filling in values
N Array length
NLO Lower loop limit for filling in values
WORD Check word

20



DESCRIPTION OF SUBROUTINE SUBC

Subroutine SUBC, flowcharted in Figure 4, is the heart of the thermal
calculation procedures for LAKSCI. It also calls subroutine LAKCON,
which is the driver for the calculations involving the quality
constituents. In the course of execution, SUBC simulates the thermal
behavior of a reservoir by forming and solving a set of simultaneous,
linear equations. These equations provide a forward, stepwise, integra-
tion of the differential equations which have been derived to describe
the thermal processes within the system. The steps associated with the
formulation and solution of these equations are presented in Reference [1]
and will not be covered in detail here. 1In brief, however, the procedure
forms a set of equations which provide a heat balance for each horizontal
element within the reservoir. A linear rate of change of the rate of
temperature change is assumed, and the temperature of each element is
projected forward to the end of a simulation time step by a solution for
the equations. The forward projection always takes place from some known
condition and the most recently determined temperature automatically be-
comes the starting point for the next projection.

In the simulation scheme employed, all heat transfer is considered to be
some component of one of the five following transfer mechanisms:

(a) eddy diffusion;

(b) horizontally advected flow;

(c) wvertically advected flow;

(d) short wave solar radiation;

(e) air-water interface heat transfer

The contribution of each of these processes is calculated for each
element, and the procedure moved forward in time using constantly updated
values for inflow, outflow and meteorological conditions. In the simula-
tion process one day is considered the basic time unit for hydrologic in-
put. Meteorological data may be input to represent periods as short as
one hour or as long as one day. The number of simulation intervals per
day, which determines the length of the time step, is specified on input
and need not correspond to the interval of meteorologic data observation.
Changes in reservoir water surface are accounted for only once per day,
and data on reservoir inflow and outflow are assumed to be available as
average daily values.

Finally, if the solution to the basic heat equations results in a
temperature (density) profile which is considered to be physically
unstable, the code will commence a reservoir mixing process until a
stable profile is achieved. The value of the temperature (density)
gradient which will be considered as stable is an input variable.

When the stable thermal profile has been achieved for a given time step,
i.e., when the mixed zone of the reservoir has been determined, the
concentrations of the quality constituents being modeled are adjusted
appropriately in the mixed zone and subroutine LAKCON is called to
calculate the concentration changes occuring during the time step. If

21
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the end of the time step corresponds to the end of a day, the concentra-
tions of the constituents in the reservoir outflow are calculated and
stored.

Subroutine SUBC is called from subroutine SUBB once. In the course of
execution, SUBC calls SUBD, SUBH, SUBE and LAKCON at least once per
simulation day. More than one call may be made depending on the length
of the time step and the number of meteorologic observations; SUBC calls
ENTRY PRNT in SUBB under the control of program input variables to print
the simulation output at requested intervals. All program variables
employed by SUBC are passed through labeled COMMON.

Important formulae and local variables used by SUBC may be found on
pages 40-43 of Reference [3].

DESCRIPTION OF SUBROUTINE LAKCON

Subroutine LAKCON, flowcharted in Figure 5, with the help of subroutine
GETCON, calculates the changes in constituent concentrations which occur
in the elements of a reservoir during a time interval At. The inputs
to LAKCON include the horizontal flows into and out of each element
during At and the concentrations of the constituents in each element
at the beginning of At. Also input are the temperature profile during
At, diffusion coefficients for both above and below the thermocline,
concentrations of the horizontal inflows (i.e., the reservoir inflow),
reservoir volume and area profiles, and the reservoir extinction
coefficient.

. i
LAKCON first calculates the vertical flows into and out of each element
as a function of the horizontal flows into and out of each element. The
thermocline is then located by examination of the temperature profile and
the changes in concentration between the elements due to diffusion are
calculated. LAKCON next calculates the concentration changes due to mass
transfer into and out of each element. These mass transfers are the
result of the vertical and horizontal flows into and out of each element.
The concentrations of all elements are updated with the above changes and
if algae or NO,-N is being modeled, subroutine GETAVI is called to
calculate light intensity at the reservoir surface and the percent of At
during which it is daylight. The following procedure is then followed
for each element, starting with the top element and working down.

The area of the lake bottom for the element is calculated. If algae is
being specifically modeled the light intensity for the element is
calculated from the element depth and the light intensity on the reservoir
surface. If algae is not being modeled specifically and NO,-N is being
modeled and also the element being considered is the -surface element,

then the extinction depth, i.e., the depth where 99% of the surface light
has been absorbed, is calculated. The average NO,-N concentration, the
average NO_,~-N reaction rate, and the average temperature are then
determined %or this euphotic zone. The light intensity for each euphotic

element is also calculated and saved and the total NO3—N concentration
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change for the euphotic zone is determined and stored. TFrom these
quantities the change in NO,-N concentration for each element in the
euphotic zone may be determihed. These changes represent NO_ -N
consumption by algae which is why they are calculated only if algae is not
being modeled specifically. Having thus determined the NO,-N concentra-
tion change due to algal consumption, LAKCON then calls subfoutine GETCON
to calculate concentration changes due to growth, decay, settling,
reaeration, benthal releases and absorptions, and volitization during

At  (reaeration and volitization occur only in the surface element). The
concentrations are then updated with these changes and when all elements
have been processed, control is returned to subroutine SUBC.

LAKCON is called once per integration step by subroutine SUBC. LAKCON
calls subroutine GETAVI if algae or NO,~N 1is being modeled. Subroutine
GETCON is always called. The following quantities are calculated by
LAKCON .,

Flow Balance For Each Element Except the Surface Element

HI + VI = HO + V0
where
HI = horizontal flow in (cms)
VI = vertical flow in (cms)
Ho = horizontal flow out (cms) ,
V0 = vertical flow out (cms)

Thermocline Element

TE = max ((Ti+1) - Ti)/Z
i

where
Ti = temperature of element i (°C)
Z = thickness of element (m)

Diffusion Between Element n and Element n+l for a Constituent

cC -C
1
A = 2EA o ntl At
mD n dn + dn+l
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where

mass rising from element n to element n+tl (m3 mg/L)

£

E = diffusion coefficient (depends,on location of element n with
respect to the thermocline) (m"/sec)

Ah = interface area between elements (m2)

Cj = concenkration of constituent in element j (mg/L)

d; =  thickness of element i (m)
Ac, = - Bm /v

AC g = Amy/V

where
ACj = concentration change in element i (mg/L)
Vj = volume of element j (m3)

Concentration Change Due to Mass Transfer

Amfr - MVI+MHI—MVO-MHO(

where

AmT = mass change in the element during At (m3mg/L)

MVI = mass brought into the element vertically during At (msmg/L)

MHI = mass brought into the element horizontally during At (m3mg/L)

MVO = mass transported from the element vertically during At(m3mg/L)

MHO = mass transported from the element horizontally during At(mBmg/L)
AC = AmT/V

where

AC = concentration change of the constituent in the element (mg/L)

A = element volume (m3)

Bdttom Area of Element n
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where

A, = surface area of element i-1 (mz)

Light Intensity Relationship

_ Kd

Id = 'Is e
where
Id = intensity at depth d (Langleys/min)
Is = intensity at the surface (Langleys/min)
K = extinction coefficient (m_l)

Average Light Intensity in an Element

T = TKz B
where
IT = intensity at element top (Langleys/min)
IB = intensity at element bottom (Langleys/min)
Z = element thickness (m)
K = extinction coefficient (m_l)

Extinction Depth
D = 4.6052/K
ex
where
K = extinction coefficient (m_l)

NO,.-N Concentration Change in Euphotic Zone During At (if N03-N is
being modeled by a first order reaction)
K. At

ANO.-N = (NO3-N) (e 1

3 D
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where

N03-N = average N03—N concentration in euphotic zone (mg/L)
_ 20 (T-20)
K1 K1 6
where !
20
Kl = the average NO_,-N reacilon coefficient in euphotic zone at 20

degrees centigrade (hxr~
T = average temperature of euphotic zone (°C)
e = correction constant
1f N03—N is being modeled by a second order reactioh
- K At (NO,-N)?
ANO-N = —* 3
3 1. + KlAt (N03_N)

N03—N Concentration Change in Euphotic Element i

(A.NO3—N)1 =B I

where

I, = 1 e i - e %1y /ka,

I0 = light intensity at reservoir surface (Langleys/min)
K = extinction coefficient (m_l)

Zi = depth below surface of top of element i (m)

di = thickness of element 1 (m)

and B 1is determined from

(ANO,,-N) > A B (v, fi)

euphotic i euphotic 1
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Vi = volume of element i (m3)

ANO3—N is defined above

The local program wvariables in subroutine LAKCOM are defined in Table 5.
They are all undimensioned with the exception of IBRSAV.

1
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TABLE 5.
LOCAL PROGRAM VARTIABLES OF SUBROUTINE LAKCON

Variable
Name Description
AVINT Average surface light intensity (Langleys/min)
AVNO3 Average N03—N concentration in euphotic zone (mg/L)
AVTEM Average temperature in euphotic zone (°C)
BFAC B factor (see formulae)
BGDNO3 (AN03—N), see formulae )
BOT Bottom area of element (m~)
DELMAS Change in mass due to diffusion (msmg/L)
DEX Extinction depth (m)
DTDDM Thermal gradient
E Diffusion coefficient (mzsec)
FLOIN Flow into an element (cms)
FLOUT Flow out of an element (cms)
HMSIN . Horizontal mass in (m3mg/L)
HMSOUT Horizontal mass out (m3mg/L)
IBARI T; (see formulae)
IBRSAV Saved values of Ii (dimensioned)
JBAC Loop index
NDU Extinction depth element
NTHERM Thermocline element
THK Element thickness (m)
VMSIN Vertical mass in (m3mg/L)
VMSOUT Vertical mass out (m3mg/L)
XMADD Change in mass due to mass transfer (m3mg/L)
XNH3K Average NO3 reaction rate in euphot;c zone (hr_l)
Z1T Zi (see formulae)

30



DESCRIPTION OF SUBROUTINE GETAVI

Subroutine GETAVI, flowcharted in Figure 6, calculates the average light
intensity in Langleys per minute during a time interval [t., t,] on
Julian day n. Subroutine SUN is called to calculate sunrise and sunset
on day n. The total radiation for day n is an input quantity.

Subroutine GETAVI is called by subroutine LAKCON and calls subroutine SUN.

’

ENTRY

CALCULATE
LIGHT
INTENSITY
RATE DURING
TIME
INTERVAL

RETURN

FIGURE 6. FLOWCHART - SUBROUTINE GETAVI

The average light intensity over [t,, t,] dis calculated from sunrise,
sunset, and the daily total radiation by assuming that the total is
distributed between sunrise and sunset according to the distribution
illustrated in Figure 7. '

The local program variables in subroutine GETAVI are defined in Table 6.
They are all undimensioned.

DESCRIPTION OF SUBROUTINE SUN

Subroutine SUN, flowcharted in Figure 8, is called by subroutine GETAVI

to calculate sunrise and sunset on Julian day n. The following equations
are used.



Intensity
A
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Time

FIGURE 7. ASSUMED DAYLIGHT INTENSITY DISTRIBUTION

ENTRY

CALCULATE
SUNRISE
& SUNSET

RETURN

FIGURE 8. FLOWCHART - SUBROUTINE SUN
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TABLE 6.
LOCAL PROGRAM VARTABLES OF SUBROUTINE GETAVI

Variable
Name , Description
ARFA Area ‘under a portion'of the curve in Figure 6
DAY ‘ Hours of daylight
D4 One fourth of daylight hours
PDL Percent of interval [tl’ t2] in ‘daylight
Tl tl (see formulag)
T2 t2 (see formulae)

Sunset Time

SS = 3.81972 COS_l(—tan(d) tan(lat)) + 12. (hours after midnight)

where

lat = latitude of reservoir (radians)
d = .409279 Cos(.0172142 (172 - n))
where

n = Julian day number

Sunrise Time

SR = 24 ~ SS (hours after midnight)

The local program variables in subroutine SUN are defined in Table 7.
They are all undimensioned.
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TABLE 7
LOCAL PROGRAM VARIABLES OF SUBROUTINE SUN

Variables

Name Description
D ! d (see formulae)
DAY n, Julian day number
SS : sunset (hours after midnight)
SR sunrise (hours after midnight)

DESCRIPTION OF SUBROUTINE GETCON

Subroutine GETCON, flowcharted in Figure 9, is called by subroutine
LAKCON to calculate the changes in the constituent concentrations in a
lake or reservoir element over a time interval At, where At is the
integration step size. The algorithms used are explained in detail in
Volume I, Part III. The inputs to GETCON include the average light
intensity in the element, the element location with respect to the
surface and the bottom of the reservoir, the bottom area of the element
(i.e., the area available for benthal releases and demands), the volume
and thickness of the element, the percent of At which is daylight,
appropriate constants and variables, and the concentration of all
constituents at the beginning of At.

All formulae used by GETCON are described in detail in Part III of
Volume I. Equations references as A.NN in the flowchart of GETCON may
also be found in Part III of Volume I.

The local program variables in subroutine GETCON are defined in Table 8.
They are all undimensioned.
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TABLE 8.

LOCAL PROGRAM VARTABLES OF SUBROUTINE GETCON

Variable
Name Description
AO Reservoir surface area at start of time step (mz)
ARR Algal respiration rate (hr_l)
ASLOP Rate of change of reservoir surface area (mZ/hr)
AT Reservoir surface area at end of time step (m2)
BODMC BOD convertible to inorganic forms
BODMTL BOD material in BOD decay
BODNWR BOD nitrogen weight ratio
BODWT BOD weight
DALND Algae change due to natural death (mg/L)
DALTOX Algae change dué to toxicity (mg/L)
DN Nitrogen demand due to algal growth (mg/L)
DOBEN Benthal DO demand (mg/L)
DOD DO reaeration change (mg/L)
FACHML Heavy metal factor on coliforms and algae reactions
FACHM2 Heavy metal factor on coliforms and algae reactions
FACHM3 Heavy metal factor on coliforms and algae reactions
FL Algal growth limitation function due to light
FLIM Minimum of FL, FN, FP
FN Algal growth limitation function due to nitrogen
FNH3 Algal growth limitation function due to NH3—N
FNO3 Algal growth limitation function due to N03—N
FP Algal growth limitation function due to P04—P
GRLIM Total algal growth limiting function
IBAR Maximum light intensity (Langleys/min)
NOUT Output unit
OSAT DO saturation level (mg/L)
RAT Ratio used in settling calculations
TCOR Temperature correction term (°C)
TT Temperature (°C)
Vo Volume of surface element at start of time step (m3)
VSLOP Rate of change of volume of surface element (m3/hr)
VT Volume of surface element at end of time step (m3)
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DESCRIPTION OF SUBROUTINE SUBD

A description of subroutine SUBD may be found on pages 45-49 of
Reference [3].

DESCRIPTION OF SUBROUTINE SUBE

A description of subroutine SUBE may be found on pages 50-53 of
Reference [3]. .

DESCRIPTION OF FUNCTION BETA

A description.of function BETA may be found on pages 54-56 of
Reference [3].

DESCRIPTION OF SUBROUTINE SUBG

A description of subroutine SUBG may be found on pages 57-58 of
Reference [3].

DESCRIPTION OF SUBROUTINE SUBH

A description of subroutine SUBH may be found on pages 59-61 of
Reference [3].
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SECTION VI

INPUT REQUIREMENTS

The input to LAKSCI falls into three categories. They are:

1. Input to define the hydrodynamic behavior of the lake surface
elevation during the time period being simulated and to define
the lake outflow, lake inflow, and the temperature of the lake
inflow. (This is read and processed by subroutine BAL.)

2, Meteorolagic data for the period being simulated. (This is read
and processed by subroutines SUBA and SUBB2.)

3. Input to define lake initial conditions, outflow geometry, inflow
concentrations, and various lake dependent variables such as
diffusion coefficients, extinction depth, etc. (This is read and
processed by SUBB, NEWIN, and SUBC.)

The input required is described in aetail in this section. All equations

referenced as (A.NN) may be found in Part III of Volume I. A listing of

a sample input deck is provided in Section IX.

The following constraints govern the use of LAKSCI.

1. ©No more than 365 days may be simulated.

2. No more than 2920 values may be input for any meteorological para-
meter,

3. The lake may be divided into a maximum of 100 layers.

4. No more than one initial temperature per layer may be input.
5. Special output may be requested on no more than 50 days.

6. A minimum of one and a maximum of three outlets are allowed.

7. Minimum of one and a maximum of twenty-four integration steps per
day are allowed.
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TABLE 9.

SURFACE ELEVATION AND INFLOW TEMPERATURE INPUT CARD DATA

Y

CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
1 1-10 110 ITAPE Interface unit
11-20 I10 IDAY First day of run (1 is January
1)
21-30 110 LDAY Last day of run (365 is December
31) LDAY must be < 365
31-40 F10.2 CiL For depth d in feet 9
V(d) = Cled + (1/2):C2-d
+ (1/3)+C3+d
41-50 F10.2 Cc2 A(d) = ClL +C2 +d+C3 - d2
) where V is volume in acre feet
and A is area in acres
51-60 F10.2 C3
2 1-10 F10.0 RSELI (FEET) Initial surface elevation
referenced to lake bottom
11-20 F10.0 BOTEL (FEET) Elevation of lake bottom above
sea level
21-30 F10.0 GWFLOW (CFS) 0. Flow added to inflow (may be
positive or negative)
31-40 F10.0 FACIN 1. Factor by which inflow is

multiplied
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TABLE 9. (Continued)
CARD CARD VARIABLE DEFAULT
i COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
3 1-6 F6.0 FLOW (CFS) Inflow rate for day IDAY
(IbAY,1) .
7-12 F6.0 FLOW (CFS) Outflow rate for day IDAY
(IDAY,2)
13-18 F6.0 FLOW (°c) Temperature of inflow for day
(IDAY,3)
19-24 F6.0 FLOW (CFS) Inflow rate for day IDAY + 1
(IDAY + 1,1)
25-30 F6.0 FLOW (CFS) Outflow rate for day IDAY + 1
(IDAY + 1,2)
31-36 F6.0 FLOW (°C) Temperature of inflow for day
(IDAY + 1,3) A
37-42 F6.0 FLOW (°C) Inflow rate for day IDAY + 2
(IDAY + 2,1)
43-48 F6.0 FLOW (CFS) Outflow rate for day IDAY + 2
(IDAY + 2,2)
49-54 F6.0 FLOW (°C) Temperature of inflow for day
(IDAY + 2,3) IDAY + 2
55-60 F6.0 FLOW (CFS) Inflow rate for day IDAY + 3

(IDAY + 3,1)
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TABLE 9. (Continued)

CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
3 61-66 F6.0 FLOW (CFS) Outflow rate for day IDAY + 3

(IDAY + 3,2)

67-72 F6.0 FLOW (CFS) Temperature of inflow for day
(IDAY + 3,3) IDAY + 3
There are as many cards as necessary to define FLOW for days IDAY through LDAY. Any value read
in as zero will be replaced with a value interpolated linearly from other data. The inflow,

outflow, and inflow temperature MUST be defined for IDAY and LDAY, i.e., no interpolation is
done for IDAY and LDAY.
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TABLE 10.

METEOROLOGIC DATA INPUT CARD

CARD CARD VARIABLE DEFAULT
{ COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
1 1-80 20A4 ALPHA Output heading -
2 1-10 110 IYR Year of observations
11-20 110 IDAY First Julian day of observation
(1 is January 1)
21-30 110 LDAY Last Julian day of observation
(365 is December 31) LDAY must
be < 365
31-40 I10 NOBS Number of observations per day
(Total number of observations
of a parameter must be < 2920)
41-50 110 ITAPE Interface unit (must be same as
ITAPE on card #1 of Table 9)
3 1-10 E10.0 A M SEC-l MB—l) Evaporation used in
coefficient calculation
-1 of
11-20 E10.0 B (MB ) Evaporation equilibrium
coefficient temperature
21-30 E10.0 LAT (DEG) Lake latitude
31-40 E10.0 LOG (DEG) Lake longitude



TABLE 10. (Continued)

8%

CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
41-50 E10.0 RESEL o) . Lake elevation above sea level

The following reules govern the input of the meteorologic parameters. Sky cover, dry bulb air
temperature, wind speed and either wet bulb air temperature or dew point MUST be input (dew
point is preferable). Atmospheric pressure will be calculated from the lake elevation if it is
not input. Solar radiation input is also optional but should be input if algae-is being modeled.
Each of the seven meteorologic parameters which is being input (see Parameter Identification

Codes in Table 11, and previous note) requires the following group of cards:

4 1-10 110 ID Parameter identification code
(see Table 11) ID = 100 means
there is no more meteorologic
input

11-20 E10.0 cv Data conversion factor A
(see below)

21-30 E10.0 CVA Data conversion factor B
(see below)

31-40 E10.0 CVB Data conversion factor C
(see below)



TABLE 10. (Continued)

6%

CARD CARD VARIABLE

# COLUMN FORMAT NAME DESCRIPTION

5 1-80 (5%, F5.0, 7F10.0) (DATA(J,1ID) ,J=IDAY, Parameter values for first 8
IDAY + 7) days

6 1-80 (5X, F5.0, 7F10.0) (DATA(J,ID),J=IDAY Parameter values for 2nd 8 days
+ 8,IDAY + 15)

7 1-80 (5%, F5.0, 7F10.0) (DATA(J,ID) ,J=IDAY Parameter values for 3rd 8 days
+ 16,IDAY + 23)

8 1-80 (53X, F5.0, 7F10.0) (DATA(J,ID) ,J=IDAY Parameter values for remainder
+ 24, end of first of first month

month of run)

9 1-80 (5X, F5.0, 7F10.0) (DATA(J,ID), J=first Parameter values for first 8

day of second month, days of second month
8th day of second
month)

As many cards are input (blocked by month) as are required to define the parameter for the
entire simulation period IDAY through LDAY. After the last of the seven parameters has been

input, an ID = 100 card MUST be input to signify that there is no more data.




TABLE 11,

PARAMETER IDENTIFICATION CODES FOR METEOROLOGIC INPUT DATA

PARAMETER CODE METEOROLOGIC PARAMETER UNITS

Use the following parameter identification codes and prescribe suitable conversion factors to

enable input data conversion to the specified units.

(ID on card 4)

1 atmospheric pressure MB

2 sky cover DECIMAL. FRACTIQN
3 wind speed M sEct

4 dry bulb air temperature °C

5 wet bulb air temperature °C

6 dew point temperature °C

7 short wave solar radiation XCAL M_Z SEC_l
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TABLE 11. (Continued)

DATA CONVERSION

Conversion of the input data is dome in

accordance with the following expression:
= + B) +

Xc A(XR ) C

converted data value, having the specified

units

input data value;

first input conversion factor;

second input conversion factor;

third input conversion factor.




TABLE 12.

LAKE INPUT CARD DATA

[49

CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
1 1-10 I10 INT Interface unit (samé as ITAPE
on card #1 of Table 9)
2 1-5 15 IDAY First day of run (January 1 is
day 1) )
6-10 i5 LDAY Last day of run (December 31 is
day 365 (LDAY must be 5_365)
3 1-80 20A4 (CMENT (1), ~ Run title
I=1,20)
4 1-80 20A4 (CMENT(I), - Run title
I=21,40)
5 1-10 E10.0 SDZ M Vertical element thickness
11-20 E10.0 ELMAX 6%)) Maximum allowable surface
: elevation referenced to lake
bottom (ELMAX/SDZ < 100)
21-30 E10.0 EDMAX (M) Short wave extinction depth
-lMB-l . . .
31-40 E10.0 A (M SEC ) Evaporation coefficient
41-50 E10.0 BB (MB_l) Evaporation coefficient
51-60 E10.0 GMIN (°CM_1) Minimum vertical thermal

gradient considered stable
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TABLE 12. (Continued)

CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
6 1-5 15 NSEG 1 means all outflow is through
lowest outlet
2 means outflow will be adjusted
to meet downstream temperature
ojective (use only if two or
more outlets)
6~-10 I5 NTP Number of points in the
reservoir's initial temperature
profile (maximum of one point
per layer)
11-15 15 NSD Number of special days for which
output is desired (< 50)
16-20 I5 IPRT Daily frequency of output
21-25 15 INTP Vertical output frequency (every
INTP'th vertical element is out-
put)
26-30 15 ITAPE Output tape (not equal to INT)
’ 0 means no output tape desired
31-35 15 NOUTS Number of outlets (minimum of
one, maximum of three)
36-40 I5 NXEQ Number of integration steps per

day
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TABLE 12. (Continued)
CARD CARD VARIABLE DEFAULT
it COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
6 41-45 15 IVAL Output after the IVAL'th time
step each day
7 1-10 E10.0 GSWH (M-l) Critical diffusion stability
11-20 E10.0 Al Diffusion parameters for
temperature calculations
21-30 E10.0 A2
31-40 E10.0 A3
41-50 E10.0 RLEN ) Length of lake
8 1-10 E10.0 C1 For depth d in meters 2
V(d) = Cl - 4 + l/23C2 « d
11-20 E10.0 c2 +1/3¢Cc3 - d 2
A(d)=Cl+C2+d+¢C3 +d
21-30 E10.0 C3 where V is volume in cubic
meters and A 1is area in square
meters
9 1-10 110 N Outlet (turbine intake) numbers
(1, 2 or 3)
11-20 E10.0 ELOUT (N) M) Outlet elevation (referenced to
lake bottom)
21-30 E10.0 WOT(N) ™ Dam width at outlet elevation



TABLE 12. (Continued)

199

CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
9 31-40 I10 ISRNOU (N) ) 1 means outlet is always at lake
surface (spillway)
NOTE: Repeat card 9 for each
outlet
10 1-10 E10.0 TA (%) Elevation of initial temperature
point TB (referenced to lake
bottom)
11-20 E10.0 B (°0) Initial temperature at elevation
TA
NOTE: Repeat card 10 NTP times
11 1-80 1615 (IDOUT(I), Special days for which output is

12

13

1-5

1-10

11-20

15

F10.4

F10.4

1=1,NSD)

NDAY

CINFLO
(NDAY, 1)

(NDAY, 2)
(NDAY, 2)

(MG/L)

(MG/L)

desired

NOTE: Repeat card 11 until NSD
days have been input

Day for which inflow concentra-
tions are specified (NDAY > 400
means no more inflow data)

Concentration of DO in inflow on
day NDAY

Concentration of BOD in inflow
on day NDAY
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TABLE 12. (Continued)
CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
13 21-30 F10.4 CINFLO (MG/L) Concentration of NH3—N in inflow
(NDAY,3) on day NDAY
31-40 F10.4 CINFLO (MG/L) Concentration of NOZ—N in inflow
(NDAY ,4) on day NDAY
41-50 F10.4 CINFLO (MG/L) Concentration of N03—N in inflow
(NDAY, 5) on day NDAY
51-60 F10.4 CINFLO (MG/L) Concentration of PO4—P in inflow
(NDAY,6) on day NDAY
61-70 F10.4 CINFLO (MG/L) Concentration of algae in inflow
(NDAY,7) on day NDAY :
71-80 F10.4 CINFLO (MPN/100) Concentration of coliforms in
(NDAY,8) inflow on day NDAY
14 1-10 F10.4 CINFLO (MG/L) Concentration of HMlL in inflow
. (NDAY,9) on day NDAY
11-20 F10.4 CINFLO (MG/L) Concentration of HM2 in inflow
(NDAY,10) on day NDAY
21-30 F10.4 CINFLO MG/L) Concentration of HM3 in inflow
(NDAY,11) on day NDAY
31-40 F10.4 CINFLO (MG/L) Concentration of N in inflow on
(NDAY,12) day NDAY
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TABLE 12 (Continued)

CARD CARD VARIABLE DEFAULT
i COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
14 41-50 F10.4 CINFLO MG/L) Concentration of CL2 in inflow
(NDAY,13) on day -NDAY
51-60 F10.4 CINFLO (MG/L) Concentration of HM1 jons in in-
(NDAY,14) flow on day NDAY
61-70 F10.4 CINFLO (MG/L) Concentration of HM2 ions in in-
(NDAY, 15) flow on day NDAY
71-80 F10.4 CINFLO (MG/L) Concentration of HM3 ions in in-
(NDAY,16) flow on day NDAY o

Repeat cards 12, 13, and 14 until all inflow concentrations have been defined.
tions MUST be defined for IDAY and LDAY.

specifically input are linearly interpolated from input concentrations.

15 1-10

11-20

21-30

31-40

F10.4

F10.4

F10.4

E10.0

ELEV

TEMPAV

XLAT

El

(FEET)

(°c)

(DEGREES)

(MZ/SEC)

Inflow concentra-
The inflow concentrations for any day which is not
Card 12 with NDAY

greater than 400 must be input to signal the end of the inflow concentration input.

Lake elevation above sea level

Average lake temperature on

IDAY

Lake latitude

Diffusion coefficient above

thermocline



TABLE 12. (Continued)

86

CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
15 41-50 E10.0 E2 (MZ/SEC) Diffusion cpefficient below
thermocline N
16 1-5 15 I Lake element number
' (I > 200 means no more element
data)
17 1-6 F6.0 BODK (L) @our ™y .008 BOD decay coefficient for
element I (A.13)
7-12 F6.0 BODKS (I) (HOUR-l) .0009 BOD settling coefficient for
element I (A.12)
13-18 F6.0
19-24 F6.0 COLK (1) (HOUR-l) .004 Coliform decay coefficient for
element I (A.7)
25-30 6.0 NH3K (I) our™1y .004 NH; decay coefficient for
element I (A.26)
31-36 F6.0 NO2K (1) (HOUR_l) .015 NO, decay coefficient for
element I (A.31)
37-42 6.0 NO3K (I) our™1) .004 NO, settling coefficient for
element I (A.37)
43-48 6.0 PO4K(T) our™t) .0009 PO, settling coefficient for

element I (A.75)
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TABLE 12. (Continued)

CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
17 49-54 Blank
55-60 F6.0 HMIK (1) (HOUR-l) .004 HM1 settling coefficient for
element I (A.2)
61-66  F6.0 HM2K (T) @our™) 0 HM? settling coefficient for
element I (A.2)
67-72 F6.0 HM3K(I) (HOUR-l) 0 HM3 settling coefficient for
element 1 (A.2)
18 1-10 F10.4 c(1,1) (MG/L) Initial DO concentration in
element I
11-20 F10.4 c(1,2) (MG/L) ~ Initial BOD conééntration in
element I
21-30 F10.4 c(1,3) (MG/L) Initial NH3—N concentration in
element I
31-40 F10.4 c(1,4) (MG/L) Initial N02—N concentration in
element I
41-50 F10.4 c(1,5) MG/L) Initial N03—N concentration in
element I
51-60 F10.4 Cc(L,6) (MG/L) Initial PO4—P concentration in

element I
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TABLE 12. (Continued)

CARD CARD VARIABLE DEFAULT
i COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
18 61-70 F10.4 c(1,7) (MG/L)- Initial algae concentration in

element I

71-80 F10.4 c(1,8) (MPN/100M1) Initial coliform concentration
in element I

19 1-10 F10.4 c(1,9) (MG/L) Initial HML concentration in

element I

11-20 F10.4 Cc(1,10) (MG/L) Initial HM2 concentration in
element I

21-30 F10.4 c(1,11) (MG/L) Initial HM3 concentration in
element I

31-40 F10.4 c(1,12) (MG/L) Initial N concentration in
element I

41-50 F10.4 c(1,13) (MG/L) Initial CL2 concentration in
element I

51-60 F10.4 Cc(1,14) (MG/L) Initial HM1 ions concentration
in element I

61-70 F10.4 C(1,15) MG/L) Initial HM2 ions concentration
in element 1

71-80 F10.4 c(1,16) (MG/L) Initial HM3 ions concentration

in element I
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TABLE 12. (Continued)

CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE

DESCRIPTION

Cards 16-19 are repeated until all initial conditions have been input. Card 16 with 1 > 200

signals the end of the initial condition input. Card 17 must be input even if the default values

are satisfactory (i.e., include a blank card 17 if the default values are desired). Cards 16-19

MUST be input for both the bottom and top elements of the lake.

The bottom element is I = 1, the

top element is I = ELMAX/SDZ. The initial concentrations for an element which is not specifically

input are linearly interpolated from input concentrations.

default values for an element which is not input.

20 1-5 I5 IFN

6-10 I5 . ICOL

The card 17 variables assume their

PHYTOPLANKTION growth function

option

0 = growth limited by N03-N
concentration

1 = growth limited by NH3—N
concentration

2 = growth limited by maximum of

NH3—N and N03—N
COLIFORM option
0 = don't model COLIFORMS
1 = model COLIFORMS
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TABLE 12. (Continued)

CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
20 11-15 15 ICOMB Constituent selection option
: (see Table 13 below)
16-20 I5 IHEAVY Heavy metal option
0 = model no heavy metals or
ions
N = model N heavy metals and
their associated ions
(N=1,2,3)
21-25 I5 ITOTN TOTAL NITROGEN option
0 = don't model TOTAL NITROGEN
1 = model TOTAL NITROGEN
26-30 15 ICHLOR _ CHLORIDE option -
0 = don't model CHLORIDES
1 = model CHLORIDES
31-35 I5 INH 1 NH3 reaction order
1 = 1st order
2 = 2nd order
36-40 15 IN2 1 NO2 reaction order
1 = 1st order
2 = 2nd order
41-45 15 IN3 1 NO3 reaction order

1 = 1st order
2 = 2nd order
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TABLE 12, (Continued)

CARD CARD VARIABLE DEFAULT
i COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
20 46-50 I5 IP 2 PO, reaction order
1 = 1st order
2 = 2nd order )
21 1-10 blank
11-20 F10.4 THKCOL 1.07 Temperature correction constant
for coliform (COL) reaction
coefficient (A.8)
21-30 F10.4 ABOD 0. Coefficient on BOD in COL
calculation (A.10)
31-40 F10.4 AHM 0. Coefficient on HEAVY METAL 1
= (HM1) in COL calculation (A.10)
41-50 F10.4 CHMOC (MG/L) 20. HML concentration limit in COL
calculation (A.10)
51-60 F10.4 THKNH3 1.10 Temperature correction constant
) for NHS—N decay coefficient
(A.27)
61-70 F10.4 VOLITK .01 Exponent for NHB-N volitization
(A.35)
71-80 F10.4 THVOLK .17 Temperature correction constant

for NH3—N volitization (A.35)
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TABLE 12. (Continued)

CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
22 1-10 blank
11-20 F10.4 BODC 106. Carbon to phosphorus ratio in
BOD (A.18)
21-30 F10.4 BODN 16. Nitrogen to phosphorus ratio in
BOD (A.19)
31-40 F10.4 BODPC .5 Dry weight fraction of carbon
in BOD (A.18)
41-50 F10.4 BODOQ G OZ/MG BOD) 1.5 BOD - oxygen quotient (A.16)
51-60 F10.4 NOREFR .5 Non-refractory part of BOD (A.17)
61-70 F10.4 GRMAX (HOUR-l) .1 Maximum fractional growth rate
for phytoplankton at 20° centi-
grade (A.45)
71-80 F10.4 THGRMX 1.07 Temperature correction constant
) GRMAX (A.45)
23 1-10 blank
11-20 CHMOA MG/L) 20. HML limit for phytoplankton

F10.4

growth (A.46)



TABLE 12. (Continued)

<9

CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
23 21-30 F10.4 HMKA : .01 HML coefficient for phyto-
plankton growth calculation
(A.46) )
31-40 F10.4 MP 04 (MG P04-P/L) .03 Michaelis-Menton constant (A.47)
41-50 F10.4 " MINO3 (MG N/L) .028 Michaelis-Menton constant (A.47)
51-60 F10.4 M2NO3 (MG N03—N/L) . 045 Michaelis-Menton constant (A.48)
61-70 F10.4 MNH3 (MG NH3-N/L) .045 Michaelis-Menton constant (A.49)
71-80 F10.4 ML (LANGLEYS /MIN) .03 - Light intensity calculation
factor (A.50)
24 1-10 blank
11-20 F10.4 APR .6 Chlorophyll-A to phosphorus
ratio in phytoplankton (A.57)
21-30  Fl10.4 MR @ovr™t pEG.c”hy .0001  Phytoplankton respiration
factor (A.63)
31-40 F10.4 ASR (FT /HOUR) .05 Phytoplankton sinking rate (A.68)
41-50 F10.4 AND (HOUR_l) .001 Fractional death for phyto-

plankton (A.72)
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TABLE 12, (Continued)
CARD CARD VARIABLE DEFAULT
# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
24 51-60 F10.4 ATD .001 Phytoplankton toxic death
: coefficient for HM1 (A.73)
61-70 F10.4 BRRBOD (ME/MZ—HR) 61. BOD benthal release rate (A.79)
71-80 F10.4 BRRPO4 (MG/MZ—HR) .125 P04—P benthal release rate
(A.78)
25 1-10 blank
11-20 F10.4 BRRNH3 (MG/MZ-HR) .108 Nitrogen benthal release rate
(A.77)
21-30 F10.4 BENOD (MG/MZ—HR) 15. Benthal oxygen demand (A.81)
31-40 F10.4 AHM2 ) 0. Coefficient on HEAVY METAL 2
(HM2) in COL calculation (A.10)
41-50 F10.4 AHM3 0. Coefficient on HEAVY METAL 3
(HM3) in COL calculation (A.10)
51-60 F10.4 ATD2 0. Phytoplankton toxic death
: coefficient for HM2 (A.73)
61-70 F10.4 ATD3 0. Phytoplankton toxic death
coefficient for HM3 (A.73)
71-80 F10.4 PTHML 0. Fraction of HML in ion form

(A.3)



TABLE 12. (Continued)

L9

CARD CARD VARIABLE DEFAULT
{t COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
26 1-10 blank
11-20 F10.4 PIHM2 0. 4 Fraction of HM2 in ion form
(A.3)
21-30 F10.4 PIHM3 0. Fraction of HM3 in jion form
(A.3) i
31-40 F10.4 CHMO2C (MG/L) 0. HM2 concentration limit in COL
calculation (A.10)
41-50 F10.4 CHMO3C MG/L) 0. . HM3 concentration limit in COL
calculation (A.10)
51-60 F10.4 CHMDA2 (MG/L)- 0. HM2 limit for phytoplankton
growth (A.46)
61-70 F10.4 CHMOA3 (MG/L) 0. HM3 limit for phytoplankton
growth (A.46)
71-80 F10.4 HMKA2 0. HM2 coefficient for phytoplankton

growth calculation (A.46)
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TABLE 12. (Continued)

CARD CARD VARIABLE DEFAULT
f# COLUMN FORMAT NAME UNITS VALUE DESCRIPTION
27 1-10 blank
11-20 F10.4 HMKA3 ' 0. HM3 coefficient for phytoplank-
ton growth calculation (A.46)
21-30 F10.4 THNO3K 1.12 Temperature correction constant
for NO3-N decay coefficient
(A.38) -
31-40 F10.4 THP 04K 1.084 Temperature correction constant
for PO,-P settling coefficient
(a.76.1

Although no values need be specified (in which case the default values apply), cards 21-27 must

be included. .
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TABLE 13.

DEFINITION OF CONSTITUENT SELECTION OPTION, ICOMB (FOR CARD 20 OF TABLE 12)

IcoMd 1 2 3 4.5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ‘21 22 23
DO X X x X X X x X X X X X X X X X X X X X x X
EOD ¥ X X X X X X X X X X )

Mi;-N X X X X X X X X X X X X

NO-N X X X X X X

N,-N X X X X X X X X X X X X X X. X X X X

PO,-P X X X X X X X X X X X X X X
PHYTO-

PLANKTON X X X X X X

X indicates that the constituent will be modeled under the indicated ICOMB opfion.



SECTION VII

OUTPUT DESCRIPTION

Magnetic Tape Output

CIf tape output is requested, the format of the tape is as follows:

1. First logical record
(a) first Julian day simulated
(b) last Julian day simulated
(c) standard element thickness
(d) number of outlets

2, Second logical record
The inflow temperature for each day simulated.

3. Third logical record
Outflows for each outlet for each day simulated.

4, Fourth logical record
Outflow temperature for each outlet for each day simulated.

5. Fifth logical record
Concentrations of lake outflow for each day simulated.

Printed Output

The printed output from LAKSCI consists of a summary of the hydrologic
conditions of the reservoir over the simulation period, which is written
by BAL, a summary of the meteorologic conditions, which is written by
SUBB2, and output from the reservoir simulation portion of LAKSCI. This
latter printout consists of a summary of initial conditions written by
SUBB and NEWIN and a summary of lake conditions written by PRNT, CURVE,
and QPRINT when requested. The summary consists of the following
quantities and describes the lake conditions valid at the time of the
summary.

(a) reservoir elevation, m;
(b) thickness of the surface element, m;

(c) total flowrate entering lake, m3sec_1'

H
(d) total flowrate leaving lake m3sec_l;

(e) elevation of the thermocline, m;

(f) average downstream temperature, °C;

(g) average retention time under existing conditions, days;
(h) dry bulb air temperature, °C;

(i) reservoir surface temperature, °C;
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@3)
(k)
(1
(m)
(n)
(o)
(p)
(q)
(r)
(s)
(t)
(u)

total evaporation rate, m3sec ;
cumulative evaporation to date, m;

inflow temperature, °C;

the lowest depth of convective mixing, m;

downstream objective temperature °C; (same as inflow temperature)
the net rate of short wave solar radition, kcal mfzsec-l;

the net rate of long wave atmospheric radiation, kcal m_zsec_l;

the net rate of long wave back radiation, kcal m—zsec—l;

net rate of long wave evaporative heat loss, kcal m_zsec_l;
. 2 -1

net rate of long wave sensible heat loss, kcal m sec

flow for each system outlet, m3sec_l;

temperature for each system outlet, °C;

Under suitable headings, for each element the following information is

also

(a)
(b)
(c)
(d)
(e)
(£)
(g)
(h)
1)

()

(k)

printed:

the element number, j;

the elevation of element j;

the temperature of element j, °C;
the temperature of element j, °F;

the horizontal inflow to element j,'m3sec_l;
the horizontal outflow from element j, mSSec_ 5

the time rate of change of temperature in element j, °C sec
the diffusion coefficient at element j, kcal m_lsec_1°C_1;

the ratio of vertical advection in the time step to the volume of
element j;

the ratio of horizontal advection in the time step to the volume of
element j;

the concentrations in element j of all quality constituents being
modeled

A plot of water temperature versus depth is also output. At the conclu-
sion of the simulation period the daily temperature, flow, and con-
stituent concentrations of the outlet are printed out. An example of
LAKSCI output is probided in Section X. ‘
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SECTION VIII

DEFINITION OF COMMON VARIABLES

Common variables employed in the Stratified Reservoir Model are des-
cribed in Table 14 under their respective common blocks.

TABLE 14.

DESCRIPTION OF COMMON VARIABLES

FORTRAN

Name Description

COMMON/ CONBEG/

DO Initial DO concentration for GETCON
BOD Initial BOD concentration for GETCON
NH3 Initial NH3-N concentration for GETCON
NO2 ‘ Initial NOZ—N coqcentration for GETCON
NO3 Initial NO3-N concentration for GETCON
PO4 Initial POA-P concentration for GETCON
ALG Initial algae concentration for GETCON
CoL Initial coliform concentration for GETCON
HM1 Initial HMl concentration for GETCON
HM2 . Initial HM2 concentration for GETCON
HM3 Initial HM3 concentration for GETCON
M Initial HM coﬂcentration for GETCON
TOTN Initial N concentration for GETCON
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TABLE 14, (Continued)

FORTRAN

Name Description

COMMON/ CONEND/
DOE Final DO concentration from GETCON
BODE final BOD concentration from GETCON
NH3E Final NHB-N concentration from GETCON
NOZ2E Final NOZ-N concentration from GETCON
NO3E Final N03-N concentration froﬁ GETCON
PO4E Final P04—P concentration from GETCON
ALGE Final algae concentration from GETCON
COLE Final coliform concentration from GETCON
HM1E Final HML concentration from GETCON
HM2E ' Final HM2 concentration from GETCON
HM3E Final HM3 concentration from GETCON
HME Final HM concentration from GETCON
TOTNE Final N concentration from GETCON
COMMON /CONST/

The variables in common CONST are defined on cards 21-27 of LAKSCI
input (see Table 12)

A1l concentrations have units of mg/L except coliform concentrations which
have units of MPN/0O ml.
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TABLE 14. (Continued)

FORTRAN

Name Description

COMMON/LAK/

KCON Maximum number of coqstituents

DU Eﬁphétic depth (m)

El Diffusion coefficient above thermocline (mzlsec)
E2 Diffusion coefficient below thermocline (mz/sec)
NOWDAY Current Julian date

SDZ Standard element thickness (m)
DZTOP Surface element thickness at start of time step

(m)

ATOP Surface area at start of time step (m?)
VTOP Surface element volumg at start of time step (m3)
NHOUR Hour of day of time step

PDL Percent of time step during which sun shines
DNO3DS Change in N03—N concentration due to algae (mg/L)
COMMON/LAK2/
DZTOP2 Surface element thickness at end of time step (m)
ATOP2 Surface area at end of time step (mz)
VTOP2 Surface element volume at end of time step (m3)
ELEV Reservoir elevation above sea level (m)
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TABLE 14. (Continued)

FORTRAN
Name Description
COMMON/OPTION/
IFN Algae (phytoplankton) growth function option
0 =rgrowth limited By N03—N concentration
1 = growth limited by NH3-N concentration
2 = growth limited by maximum of NH3—N and N03—N
IK2 (not used)
ICOL 0 = don't model coliforms; 1 = model coliforms
ICOMB Constituent selection option (see Table 13)
INH3 0 = don't model NHS—N; 1 = model NH3—N
INO2 0 = don't model N02—N; 1 = model NOZ—N
INO3 0 = don't model NOB—N; 1 = model NO3-N
IPO4 0 = don't model POA—f; 1 = model P04—P
IALG 0 = don't model algae; 1 = model algae
IFIRST Logic flag for GETCON
COMMON/OPT2/
THEAVY Number of heavy metals to be modeled
ITOTN 0 = don't model total nitrogen; 1 = model N
ICHLOR 0 = don't model CL2; 1 = model Clz'
COMMON/OPT3/
IP Order of PO4-N reaction (IP =1 ér 2)
INH Order of NH3—N reaction (INH = 1 or 2)
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TABLE 14. (Continued)

FORTRAN

Name Description

IN2 Order of N02—N reaction (IN2 = 1 or 2)

IN3 Order of N03—N reaction (IN3 = 1 or 2)
COMMON/PASS/

TOTL Total Langleys for the day being considered
DAWN Sunrise for the day being considered
DUSK Sunset for the day being considered
COMMON/RCHVAR/

Variables in RCHVAR are defined on card 16 of LAKSCI inputs (see
Table 12).

COMMON / TEMPER/

TEMPAV Average water temperature for reservoir (°C)

TEMREA (J) Temperature for element J (°C)

SATREA(J) DO saturation level for element J (mg/L)

BLANK COMMON

ZF(J) Reservoir surface elevation for day j (feet above
sea level)

V({J) Reservoir volume for day j (acre feet)

FLOW (J,K) K = 1 flow into reservoir on day j (cfs)
K = 2 flow out of reservoir on day j (cfs)
K = 3 inflow temperature on day 3j (°F)
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TABLE 1l4. (Continued)

FORTRAN
Name Description
ERR(J) BAL error on day j
OoUT (J,K) Same as flow but different units (cms)
IF(J) BAL iéeration counter for day j
M(D) Reservoir surface elevation for day j (meters
above bottom)
DATA Meteorologic data
ALPHA Heading for meteorologic data
INDEX Meteorologic parameters
CINFLO Inflow concentrations
CLAK Lake element concentrations
COTFLO Outflow concentrations
QV1l Vertical inflows for elements (cms)
Qvo Vertical outflows for elements (cms)
DCON Concentration changes

Variables in common blocks ABLK, BBLK, CBLK, DBLK, and NDV are
defined on pages 62-66 of Reference [3].
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SECTION IX

SAMPLE INPUT DECK

A listing of a sample input deck for LAKSCI is provided in Table 15. The
deck is for a simulation of Long Lake from June 1 (day 152) to November
30 (day 334), 1971. The missing inflow temperatures are filled in by

the program. Daily values of barometric pressure, cloud cover, wind
speed, dry bulb temperature, dew point temperature, and solar radiation
are input. Inflow concentrations are specified on days 152, 164, 192,
206, 213, 227, 249, 262 and 334. Output is requested every 20 days and
on 28 special days (when observed data was available). Two integration
steps per day are taken. The initial concentrations in layer 32, i.e.,
the top layer, are input. Nominal values for reaction rates are used
except for the benthal oxygen demand rate, which is set to 75 mg/mz—hr.
The constituent selection option is set equal to 2 (see Table 13). Total
nitrogen is modeled as a conservative. There is one turbine outlet at an
elevation of 21 meters.
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TABLE 15. SAMPLE INPUT
18 152 334 m2752,95 149,969 =, 7252
103, ju32, 620, {e .
25100 25400 2.0 24800 25100 26400 25000 24100 24600 JUNE ¢
23700 24600 . 23000 24000 22300 22500 21700 22500
21200 21400 20700 22000 20300 20800 19500 20100
19100 20000 13,7 18800 19600 18700 19200 tAS00 19640
17800 18800 17200 18400 16600 18000 16000 16600
15200 163490 14600 15000 1741 14100 14500 {3500 14A00
13100 13800 12800 13700 - 12500 13800 12300 13000
11900 125600 11600 12100 9000 {0400 5400 6270 JUNE 29
4800 S360 4800 4900 4R00  5uS0 4800 5680
4800 5700 4800 5700 14,8 48n0  S620 5200 5210
5400 6220 15,8 UB0O0 6090 600 5200 4600 5180
5200 5230 5000 5770 4600 6160 4100 0610
3700 Soio 3700 48890 3800 4000 3800 4060
3800 43190 3800 3920 3400 4340 20,2 3000 3930
2900 3800 2900 3640 2800 3240 2500 3250
2500 24Sp 2500 2730 21,0 2500 2180 1900 2330 JuLy 3%
2300 2689 2300 2690 2300 2700 2400 2490
2400 3310 1900 31310 2200 2620 1700 2420
1900 2700 2100 2700 2000 2700 2100 1430 19,S
2000 2680 1600 2680 1400 2810 1800 2360
1800 1990 1400 830 1200 1140 1200 2010
1400 1580 20,6 1500 2330 1700 2620 1700 2310
1800 1920 1800 2130 1800 2640 1900 3010
2000 2680 1800 2670 2200 2850 2300 2560 SEPT
2360 2030 2300 2750 1648 2300 3170 2300 2690
2300 3240 2300 3810 2300 2040 2300 1830
2400 3870 2500 3370 2400 3360 2360 2490
2200 272% 228s  23re 2000 LU%e a0 2260 3en
2300 3500 2300 2720 2300 2970 2300 2970
2300 2970 2300 3o0u4n 2300 3320 2600 2910
2400 2950 2000 2920 2400 3020 2400 2860 SEPT 29
2000 2859 2400 2330 1800 2960 4,1 2400 3380
2400 2550 2500 3060 2000 2820 2400 2870
2000 2730 2400 2870 1800 2750 2500 3810
2700 2790 2000 2860 2400 2760 2400 3260
2000 2940 10.0 2400 PB10 2400 29%0 2400 3340
2400 27n0 2500 2750 2500 2990 2u00 3370
2400 3260 B,6 2400 3289 2300 3046 2000 2690
2400 2650 2600 2940 2600 2960 2700 3039 7,5 oY 3%
2500 3130 2600 3300 2500 2719 2600 3300
2600 3330 2700 3260 2500 3300 2600 3040
2600 3&40 2600 3190 2600 2810 2700 3500
2900 3aao 2900 3280 3000 3610 2900 3720
. 2800 3310 2900 3380 2900 3510 2900 3630
2900 3470 3000 - 3470 3200 44190 3400 4600
3400 3860 3600 4610 4000 5090 T,2 NOV 28
LONG LAKE METEOROLOGIC DATA===JUNE THRU MOV¢1971==DEEP RES MODE{wPHASE 3
1974 152 334 1 18 :
48, 118, 468,
1 25,4 0,0 0,0
JUNE 27,43 27,45 27,50 27,56 2745% 27.52 27,47 27,49
2730 27,34 27,53 27.47 27443 27462 27,57 27,50
27,44 27,39 27,55 27,64 27458 27,42 27,47 27,42
27.38 27,40 27,41 27,51 27.64 27,460
JuLy 27,50  27,SS 27.61 27.53. 27450 27,49 27463 27,49
27,451 27459 2764 27,66 27468 27.67 27443 27448
27,60 27,63 21,53 27,48 27.48 27,52 27445 27,44
27,%2 27,54 27,50 27,47 27457 © 27453 27454
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AUG 27,46 27,484 27435 27445 27448 2749 27,45 27.51

27,59  27.58 27,46 27437 27,37 27.u6 27,48 27.53
27,58 27.%4 27,40 27,37 27445 27,48 . 27,713 27.62
27.54  27,%0 27.89 . 27,54 27446 27434 27,34
SEPT 27429 27,32 27,58 27.52 27432 27,45 27472 27451
27,51 27,43 27459 27467 27466 27,73 27,78 27,914
27495 27,80 27,54 27,73 27474 27,68 27,51 27,36
27,22 21,30 27,39 27,27 27421 27,40
OCT 27,56 27,70 27.68 27.72 27276 27,66 21.77 27,76
27,72 27.67 27.6% 27,65 21.37 27,46 27.45 27,43
27.33 27,34 27,26 27,60 27,74 27,52 27,30 27442
27.38 27419 27,49 27,90 T 27.81 27,49 27,52
NOV 27,39 27,74 27,57 27,46 27485 27,75 27,48 27,52
27.35  27.54 27,42 27,31 27.28 27.56 27.15 27,78,
27,80  27.81 27472 27.70 27452 2765 27,54 27,45
27458 27,39 27.41 27,13 27429 27,86
2 1 0,0 0,0
JUNE 9 10 10 9 q 3 10 7
q 10 7 10 7 5 2 ]
8 10 3 9 6 7 [ 9
7 [] 10 10 2 [
JuLy 6 { 1 7 9 7 q 9
9 9 5 3 0 [ 1 [
0 0 2 6 2 0 0 0
1 0 2 2 0 1 0
AUG 2 3 ] [ 2 7 ] ]
0 0 0 0 0 1 0 i
3 0 0 5 H 10 3 0
0 4 9 3 3 ? 9
SEPT 10 10 9 [ 0 8 2 2
. 8. 1 1 2 1 (] 1 0
1 8- 5 3 2 & t 9
) 9 10 10 8 q
ocY 3 2 10 8 1 9 3 0
0 4 s 9 6 10 3 0
2 9 10 9 [} 10 10 8
10 ‘8 6 0 8 10 10
NOV 2 9 10 [ 0 10 9 10
9 10 10 10 10 8 fo )
8 10 8 10 10 4 10 9
10 10 10 10 10 10
3 .847 0,0 0,0
JUNE 8,9 8,2 6,0 11,14 8,9 849 10.8 11,2
7,9 6,5 9,2 9.1 11.0 15,1 L1041 10,9
6,0 S.2 8,8 5.9 8,5 6.6 10,8 8,1
2,8 6,5 8,8 5,9 8,8 8,5
JUuLyY 10,2 Tet 6,2 8,9 13,4 12,7 5,9 6.5
745 12,2 9,5 A,6 4.8 d.6 4,9 4,3
6,8 7.8 6,3 5,5 745 7.8 9,6 4¢3
5.9 6,0 6,5 10,9 8,5 5.2 7.5
AUG 5,6 8,8 9.5 6,5 6,0 745 6,9 8,2
7.9 3,7 8,6 10,4 944 10,4 6,2 12,9
8,1 8,9 4,6 13,2 8,9 9,9 5.6 S.2 .
6,8 5.8 6,8 5.9 6,3 8,2 14,4
SEPY 10,2 13,5 7.2 Tub 10.5 10,2 59 8,3
6.8 9,9 13,5 12,2 6,3 Teb 745 11,5
6,8 4,8 S,.6 13,1 2,7 3,5 9.6 12,8
10,6 5.3 10,9 11,4 8,9 7.1
0CT 6,8 7.2 6,9 8,1 8,2 6,0 2.6 5,0
4,8 Q.0 9,2 7.6 1640 . 549 12,8 11,8
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5.8 8,8 17.3 12,8 649 8,41 5.9 9,4
15,0 1640 11,1 6,0 742 Sef 8,5
NOY 18,4 11,1 15,2 1944 842 Tt 5.0 5,3
946 6.9 6,42 640 643 Seb 3,7 7.9
642 Tal 12,1 5,5 649 9.4 643 6,9
1048 9.4 B,6 Tl 542 3,3
q .5555 '32' °u°
JUNE 53 49 52 Sé 58 . 64 58 53
sY 54 56 63 - 57 S4 56 56
S8 60 b4 65 72 75 63 1]
57 S6 56 5y 58 64
JULY &S 60 60 b6 56 53 55 67
64 56 57 60 65 67 72 15
T6 78 80 82 82 80 78 . 74
73 74 890 78 75 78 ay
AUG 1] 83 79 17 80 76 80 83
82 81 83 80 79 70 70 70
68 71 16 75 70 58 S8 67
. 70 74 74 16 T4 T4 60
SEPY 49 53 58 61 69 56 54 64
66 69 62 61 56 54 51 . S84
S 52 55 52 50 sS4 62 537
55 S1 50 50 43 a3
oct 47 49 53 62 63 61 Sq 57
ST 56 sq S1 ub 38 Q0 40
34 43 44 42 (1} a8 ag 41
L3} 3 28 24 23 29 27
NOV 37 3% a3 34 27 27 L 1] 33
a3 43 az2 ag 39 33 37 37
33 3 “0 46 [11] 38 ey 7
35 - 35 36 35 33 28
[ «5585 =32, 0,0
JUNE as a4y 45 as q2 a4 L1 36
39 46 45 47 u8 38 38 34
3 48 4s S0 53 53 44 39
i 32 34 39 38 4y
JULY 3 32 31 35 18 34 33 [}
51 u3 40 a1 Qa0 39 aq 43
40 a6 48 s3 50 as a3 42
as a6 a7 50 43 48 54
AUG 51 m ay s 50 5S 52 a7
33 37 33 29 33 36 33 R i3
33 36 . 40 40 4 a2 a2 39
[} 4e ag ar 49 5¢ . LT )
SEPT 44 a8 49 45 ay a8 4 . a
45 as 39 37 33 29 26 26
26 29 © 29 33 32 34 3q 36
37 - ay 39 36 36 32
ocy 32 35 38 a4 49 s a0 a2
43 a2 36 35 31 26 2% 14
17 25 39 32 29 37 38 33
30 25 12 3 9 18 21
NOV 27 26 27 22 10 14 20 28
32 a1 38 38 35 30 32 M
217 27 35 38 34 23 2s 33
30 38 32 31 33 27
7 4000185 0,0 0,0
JUNE  4T7e 115 219 284 684 694 359 58S
706 130 589 547 463 695 737 Tat

669 293 493 ate 677 660 538 587

wmran—- _—————
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627 - 734 a7 204 721

JULY 568 , Tu8 737 627 247
500 463 663 865 750
112 706 678 . 570 653
647 678 652 619 676

AUG 626 642 . 833 840 584
639 623 629 64y 617
614 599 591 as9 $70
S75 565 475 501 523

SEPT 137 127 333 535 526
428 u8s 501 ° 497 489
475 438 399 457 454
294 211 178 244 278

oct  ae2 388 256 361 362
341 318 248 260 187
319 256 74 241 283
105 239 194 290 228

NOV 255 213 .96 157 248
14 67 118 24 a8
145 b 128 T2 95
4s 37 56 52 a8
999

18 INPUT UNIT CONTAINING BaAL AND MIFP QUTPUY
152 334

DRM SIMULATION OF LONG LAXKEw=~ONE TURBINE INTAKE=eJUNE THRU MOV

SYSTEMS CONTROL INC

644
525
126
674
616
302
617
124
480
233
503
485
360
266
173
156

178
116
167

36

1,0 32, 15, 0, 145E=9 »T.Ew2

1 1 28 20 1 0 1 2 2
S,0Ee7 245Ewy 1,4Ea5 w7 4Ewy 3465E4

«195361F6 (b114UbES 0,0E6
) 21, 552,
32, 12,

152 164 173 189 192 202 206 208 213 222 227
258 262 264 265 278 292 300 307 313 320 328
§52

11,7 Y4 . 01 «00 72 W02
W27 . W 02

164
11,5 274 W00 «00 W86 $ 01
18 02

192
9,3 9 802 W02 1.2 W03
o17 . W06

206
Ted 1.35 002 01 1.3 04
o140 W06

213 -
Te7 1.74 02 « 03 1.2 W04
[} 07

e27
T.8 3. «03 141 $43 202
[ 8} «08 .

249
8,8 3. 02 002 2,1 02
13 13

262
10,0 1,8 2 01 200 2,0 02
off o35

334 .
10,0 1418 T 401 «00 2,0 o2

230
3133

238

715
696
693
648
623
629
604
333
578
49y
433
324
a7

56
122

39
as

19711

236

244
$100,
4000,
SQOO-
2500,
800,
5500,
3000,
2000,

2000,

515
695
685

610
611
588

524
u89
38

346
132
177

147

119
62

249
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fs W0t
2 1 1

TS,

W15
1.Ev8 1.€e 0

000 T .26 4006

w02

1100,
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SECTION X

SAMPLE OUTPUT

A listing of a sample LAKSCI output is provided in Table 16. The output
is the result of the input deck listed in Table 15 except that output is
requested on only 4 days. The output is self explanatory for the most
part. The first five pages are output by the water balance part of
LAKSCI and show the history of lake surface elevation, lake volume and
depth, lake inflow and outflow, and lake inflow temperature for the
simulation period. The next section lists the meteorologic parameters
for the 183 day simulation period. Summaries of the lake volume and
area profiles, reaction rates for each lake layer, initial concentra-
tions for each lake layer, and inflow concentrations follow. A summary
of the constituents being modeled is output and lake conditions on days
152, 200, 240 and 333 are listed. Histories of the calculated outflow
temperatures and concentrations are also output.
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TABLE 16. SAMPLE OUTPUT

INITIAL SURFACE ELEVATIONe REFERENCED TO LAKE HOTTOM
ELEVATION OF LAKE BOTTOMe HEFERENCED TO SEA LEVEL
TOTAL INFLOW FOR SIMULATION PERIOD

TOTAL"OUTFLOW FOR SIMULATION PEKIOD

"DIFFERENCE

DIFFERENCE

INFLOW FACTOR = 140000
GROUNDWATER FLOW 2 620.0000(CFS)

YOLUNE & CI*0 + (C2/2)#n¥*2 ¢ (C3/3)%0%*3
AREA = C1 + C29D ¢ C3%D%42
WITH VOLUME IN agRe FEET AND D INTFEET ABOVE LAKE BOTTOM

€1 = ®e27529500404
c2 s ¢10996900+03
Ci's =, 7252000000

103,(rT)
1432,(FT)
83410550000 (FT**3)

T 93206551000, (FT*53)

n224855, (ACRE FEET)
«620,{CF5)
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L8

TOAY ELEV(FT) V(ACFT) ERR ITER IN(CFS) QUT(CFS) TEMP(F) IN(CMS) QUT(CMS) TEMP(C) DEPTM(M)

152 1535.13 25434405 «1,953-03 2 25720.0 25800,0 53,80 72843 7193 12400 31.41
153 1535.25 20491405 3,906-03 2 25420,0 25100,0 53,86 719.8 710.8 1214 3145
154 1535.26 24491405 3,906-03 2 2502040 ° 25000,0 SA,.14 708,5 70749 12428 31447
165 1535431 24090405 =w3,906«03 2 2472040 245600,0 54,37 700+0 | 69648 12.42 31,648
156 1535.20 24488405 =04000 2 2432040 2ub00,0 S4,.82 $88,7 89648 12,57 3147
157 1535,05 2,480405 3.906=03 2 23620,0 2u000.,0 54,88 6568.8 6796 12718 31043
158 153%.2¢ 24489405 =9,766=03 2 2292040 2250040 59.13 649,0 637,1 12.85 31.43
199 1h59,22 2enbitul 1.9%35=04 2 22520.0 22500,0 55,39 63240 631,45 12,99 31440
foa 195%. 39 2+4904u5 =3.9¢b=04 2 2182040 21400,0 59.64 61749 . 60640 135138 51049
16l 15355012 244BuryS =9,/6608 2’ 2152040 22000,0 55,90 60347 623,0 13,27 31447
162 1535.47 2eubne05 F.766=03 2 2092040 20800,0 56,15 59244 589,0 15.42 31.44
163 1535417 2487405 1+953%~03 2 2012040 20100,0 56,41 569,7 569,2 13,56 51488
164 1535406 20081405 *1,953=03 2 1972040 20000,0 D6.66 558,40 56643 13,70 31443
165 1558.99 2.47B4%05  5.8%9-03 2 1942040 1960040 574354 54949 59540 14408 31440
166 1554,0¢ 24480405 -#1,9535-03 2 1952040 19200,0 SH,02 Sa7.1 S45.7 14,46 31440
167 1534,8% 2,473140%5 *3.906=03 2 19512040 19600,0 58,70 S541,4 55540 1483 31438
168 1534070 206463405 =7,813-03 2 18420.0 1880040 59,38 52146 53244 15421 31433
169 1934,47 24852405  5,899-03 2 1782040 18400,0 60,06 50846 52140 19659 31.27
170 1536,16 24436405 «0,000 2 17220,0 18000,0 60,74 LEY Y 5097 . 15.97 31.19
171 1954,17 24036405 =3,906-03% 2 1662040 16500,0 61,42 470.6 47041 16434 3tel4
172 1535.98 2al27405 «14307-02 2 1582040 1630040 62,10 4¢8,0 BRCLENY 16,72 31411
173 §534s06  2443:405  5.559403 2 1522040 15000,0 62,78 451,0 T 424,8 17410 31410
174 1530, 18 24435405 94766038 2 16872040 14%00,0 62,452 41648 41046 16,98 3112
175 1933,88 24422405 . =3,906«03 2 14120,0 14800,0 62426 399,8 4194 16,814 31409
176 1533.85 2421405 7481303 2 3372040 13800,0 62400 38845 - 390.8 1667 31405
177 1533474 24415405  3,906-03 2 1342040 13700,0 61475 380,0 © 387,9 16453 31,03
178 1533,47 24402405 «14993-03 2 1312040 13800,0 61,49 37145 39048 16438 30,97 -
179 1535,44 24400405 =5,859=03 2 1292040 13000,0 61,25 355.9 S6b.1 16.24 30.92
180 1533,44 2¢400405 »1.953-03 2 1252040 12500,0 60,97 354,5 35440 16409 30.92
181 1533.49  2.,402405 1:953an3 2 1222040 1210040 60,71 346.0 38246 15695 30493
182 1533,48 245871405 e14172«02 2 962040 10400,0 60,45 272.,4 29445 15.81 50489
183 1553,08 2¢482¢40% w1a.172=02 2 602040 62/0,0 60,19 17045 177.5 _ 15460 30483
184 1533.14 2+585405 3490h203 2 542040 53560,0 59.93 193,5 151.8 .. 159452 30.81%
1835 153343} 2¢394+95 »}14Y53-03 2 542040 4900,0 59,68 153,5 136.8 1548 30485
186 1533,30 24395405 1495303 H S5420,0 5450,0 59,42 15345 15443 15428 30488
187 1533420 24388405 wte172-02 2 942040 5680,0 59,16 153.5 16048 15.09 3080
188 1533,09 2¢382405 =~0,000 : 2 5420.0 5700,0 SH,90 1538,5 16144 14.94 39,83
189 1532.98 20377405 «3.906=0% 2 S420.0 5700,0 S8,.h4 15345 16144 14,80 30.79
190 15352090 24373405  94706=03 2 542040 5620,0 59.24 15345 1594 1513 30077
191 1533444 24485405 «3.906-03 2 5820.0 5210,0 59,84 1o4.8 14748 15.47 30479
192 1535.06 2381405 «w1.953-03 2 602040 6220,0 60,44 17045 170641 1580 30.82
193 1532.79 2+ 568405 w141/2«02 2 542040 6090,0 61,01 153,5 1725 16411 50476
194, 15352,72 24364405 0,000 2 5020,0 5200,0 615/ Tootu2.2 1472 16,43 50071
195 1582474 24505405 14953203 F4 522040 5160,0 62,14 147,.8 1tbe? 16,74 30470
196 1582.97 2e$7740% 1+9%5%~03 2 582040 5250,.0 62,70 164,8 14bs} 17,006 30074
197 15382491 2e87dep5 a5,859-03 2 50200 5770,0 65,27 159, 163,4 17,37 30,77
198 1532.54 2.55%408 =9,766=03 2 522040 6160,0 65,83 147,8 174.4 17.69 304,70
199 1532.58 2¢357/+405 3.9¢6=-03 2 472040 4610,0 64,40 153.,7 13045 18400 30469
200 15%2.3¢ 2+340405% =1,172-02 2 452040 5010,0 64,97 12243 141.9 18,31 30.62
201 1532.09 243352405 0,000 2 432040 6880,0 65453 12243 13842 18463 30454
202 15382.2% Pe3t1405 1,953=03 2 442040 4000,0 66,10 125.2 113.3 18.94 30,53
203 15324490 24348405 3,906=03 2 442040 4060,0 bbh,6b 12542 1150 19.26 50,58
204 1532.44 24350405 *9,766=03 2 442040 6310,0 67,238 1252 12240 19457 30481
205 1532,64 24360405 =1,958=03 2 4420,0 4920,0 67,79 125,2 11140 19.89 30,64
206 1532,59 2:3%¢405 «3,906=03 2 4020.0 4540,0 hB, 50 113.8 122.9 20.20 30466
207 15952,39 2,84k (S 3,906~03 2 3620.0 3950,0 68,47 102,5 111,3 20,31 50,62
208 1952.28 24802415 3.906=03 2 352040 $8u0,.0 68471 v9,.7 10746 204438 30,58
209 1952,23 24540405 0,000 2 3520,0 3640,0 68,98 99,7 10341 20954 30456
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210
211
212
213
214
1%
216
ey7
218

219

220
221
222
223
224
Q25
226
227
228
229
2390
234
232
233
234
235
236
237
238
239
240
241
242

T 24l

244
245
246
247
248
249
-]
251
7s2
253
254
255
256
257
258
259
260
261
262
263
264
°6S
26b
257
/8B
e

71532430

1552,29
1832.52
1532,67
1933.04
1933.13
1533.22
1533,31
1553449
§1533,6}
1553,50
1533.26
1533,.34
1535.30
1933,23
1535,24
1553.2)
1533,72
15334069
1533,51
1533.20
15358.22
1553,39
1933,87
1534,14

1534406

1534.25%
1534,17
1534,0%
1534,08
thi4,.25
1534.37
1538.28
1554.08
1534,06
1533,96
1533,95
1534,09
1534,44
193445y
1934.41
1534.50
1554 ,.38
1534,02
1554.37
1534,8y
158444t
1534,37
§534,23
1534.490
1534,44
1538464
1555,27
1535.,07
1536,04
153,92
1584490
15848, 4R
AV thamn
AINSeny

24343405

24341405

2¢3508405

20362405

24580405 —
24584405
24389405
24394405
24598¢05
2409405
24403405
2e391405
24395405
20395405
2¢390405
24590405
24388408
2,414405
20413405
2el04¢05
24358405
24389405
24598405
2,421+05
2¢435¢05
2431405
2e0111405
22455405
20430405
2eu3ie05
24481405
2aaldbt S
2e4U2%05
20432405
24431405
2eU2064+05
2e4P6405
24433405
24450405
2euSUeyS
2e449405
2eUH340S
204047405
2:429405
2447405
2.068405
2eUH24059
24447405
24440405
24448405
2450405
2460405
2+49)405
2e482405
2+u47040S
2sa74¢05
2edT340%
2eul2e0Y
[T RA T
IARLE TR

=0,000
»].953=03
«0,000
©5,859=«03

94 T66=03 -

©]:953203
1036T=02
«0.000
3090603
3.906-0%
»5,H85%9%9«08
«5.85%9=08
3.906=05$
195503
=5,859-03
1095303
S.8%59-0%
1e955=03
1595303
»0.000
7,813=03
©3e906=03
0,000
el ,567=02
7.813-03
7:,813203

‘@9, /66=03

~),953=0%
wleB13a0}
«le955=03%
v, 766=03
74813703
*7:813=03
=1e307=02
*1.953-03
1953=03
1095303
=0e000
7.813=03
*1:955203
mle953=0%
#0000
5:859«03
w9,766a03
fed6lmp2
=1si72=02
=3,90hany
«lsl72=02
wl.B813203
=0.,000
«1,993=03
wls367=02
=7,R15-03
9,766=03
=1s172=02
10953203
={e955-0%¢
5445903
el,"35=2}
w?, 18"y

NN NNNNNNNNDNDNNN VNNV N

CTAVVNNNNNNNNNNNNUNYNNN NN YN YN Y

342040
3120,0
312040
3120.0
312040
252040
292040
2920.0
2920,0
302040
3020,0
252040

282040

232040
252040
27120,0
262040
272040
262040
222040
20200
242040
202040
202040
182040
182040
2020,0

2120,0 -

252040
232040
247040
242040
242040
2970+0
202040
242040
282040
29200
292040
2920.0
292040
292040
292040
292040
292040
2920,0
$02040
312040
302040
2920,0
282040
282040
3020.0
262040
292040
292040
2920.0
PYPU0
2P0 40
29°u.0

3240,0 69,18 - 96,8
3250,0 69.39 88,3
2485040 69.59 88,3
2730,0 69.80 8843
2180,0 69461 88,3
231040 69,41 71.4
2680,0 69,22 82.7
2690,0 69.03 62,7
2700,0 68,85 8247
2490,0 bBeb4 85,5
3310,0 68445 85459
3110,0 68,26 7i.4
262040 68,06 79.9
20420,0 67487 657
2700,0 67468 7144
2700,0 67,49 7.0
2700,0 67429 74.2
1430,0 67410 ‘7740
2680,0 67,32 7442
2680,0 67454 6249
2810,0 67,76 57.2
23600 67.98 68,5
19960,0 68,20 68,5
830,0 68,42 57.2
1140,0 68,64 51,5
2010,0 68,86 515
$540,0 69,08 57,2
2350,0 68,55 . 60,0
2620,0 68403 6547
2310,0 67450 6547
1920,0 66,98 6845
2130.0 686.45 6845
2640,0 65492 ° 68,9
3010,0 65,40 71.4
2660,0 64,87 7442
2670,0 6U,34 68,5
2850,0 63,82 7949
2560,0 63,29 82,7
2030,0 62,77 82,7
2750,0 62,24 82,7
3170,0 61,91 82,7
2690,0 61,58 82,7
32640,0 61,24 8247
3810,0 60,91 82,7
2040,0 60,58 8247
1830,0 60425 82,7
38/0,0 59,91 855
3370,0 59,58 8843
3360,0 59,25 85,5
2490,0 58,92 82,7
2120,0 58,458 7949
2320,0 58,25 79.9
1450.0 57,92 85,5
331040 57.89 79.9
3500,0 57.85 82.7
2720,0 57.82 82,7
297040 5.79 82.7
2910,0 57475 8247
2970,0 STsle 82,7
3040,0 57,68 82,7

917
92.0
69,4
77.3
61,7
65.4
159
7042
7645
70.5
9347
8841
7442
68,5
7645
7645
7645
40.+5
7549
7549
796
6648
56408
2345
3243
5649
4346
66,0
T4.2
65,4
S4.4
6043
T4.8
8542
75,9
796
8047
7245
57,8
7179
69,8
7642
917
107.9
57.8
51,8
10946
95.4
95,1
705
770
05,7
LUS)
957
99«1
77.0
LITP!
84,3
8u,}
80,1

204066
20477
20.89
21.00
20489
20479
20,08
20,57
2u,66
20050
20425
20414
20,04

- 19,93

19.82
19.71
19.0}

© 19,50

19462
19.74
19.87
19,99
20411
20,23
20436
20448
20460
20.31
20,02
19,72
19,63
19,14
18435
18455
18.26
17.97
17.68
17.38
17,09
16.80
16662
16,43
16425
16,08
15,88
15,69
19451
195032
15,14
14,95
14,77
14458
14,60
14,58
16.38
14,34
1433
14,41
14.29
14.27

3056
30.56
30.60
30466
30,74
30,84
30,84
30.87
30.89
50094
30.95
30490
3c.88
30.84
32.87
30.86
30485
30495
31.00
30497
30489
30.85
ic,.58
30458
31409
31.12
31.14
33,15
31.12
31440
31444
3118
31619
3114
31,118
31,09
31,08
31,10
31447
31.24
31.23
31423
31422
3115
31415
31.27
31.28
31422
31.18
3119
31.22
31426
331,38
31445
31438
31.36
31437
31,306
31.36
31634
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270

273
272
273
274
275
276
277
278
279
280
281
282
253
284
285
286
267
268
289
290
291
292
293
294
295
296
297
298
299
300
301
362
303
304
305
3¢k
307
308

309

330
31l
312
313
314
315
316
317
318
319
320
321
s22
323
324
325
326
327
328
329

1534,.65
1534,70
1538,73
1534,77
1534.77
1534,83
1534,90
1534,97
1534,76
153u4,62
1534,80
1554,75
1534¢,83
1534,468
1535400
1535%.06
1534,93
§1534.65
1934,87
1534.93
1535.03
1584,94
1584,97
15355, 905
1535.08
1534,95%
1535.08
15355423
1535%.28
1535,14
1535,08
1534.94
1534,89
1555,02
1535417
1535,28
1555.38
1535,50
1535.50
1535, 66
19355.68
§1535,59
1935455
1535,58

“1535450

1535,58
1535,41
1535,42
1585,58
153%5,51
1535453

1585.62.

1535463
153555
1535,59
1539465
1555,65
1555.61
1535463
§1535.69

20461405
20865405
24468405
24466405
2866405
2¢870+05
204735405
20471405
24466405
24459+05
2.468+05
24465405
2069405
2,472+05
2.U4TR*0S
24481+05
20875¢05
2e461+08
2471405
24475408
2eLH04CS
2ot 15408
24476405
2.683405
20482605
2.47640%
2.u482405
24089405
24492405
24489405
2.480405
2.47540%
20473405
2e879405
2¢487+0%
2.492405
2:497405
29503405
245035405
2e501405
2¢509405
24508405
24906405
24507405
205035405
2.50740%
25099#05
2¢499405
24507405
24504405
2eSCULe0S
24509405
245094095
24505409
2508405
24510405

24511405

Ze508405
24509405
24512405

14386702
=0.,000
5.859=03
»0,000
=0.000
=1:953=03
74813-03
»3,906=03
3,906-03
®1,953=-03
1e953~03
7.813-03
*1,953=03
1:955=03
=3.906=03
34906=03
1.,953~03
5¢84%9=0%
1s953=03
«34906=03
w{,367=02
1.953=038
«9,.Tbb6u0}
1953=03
«3.906~03
1.953=03
=5.906m0%
=0.000
1,993=03
14953=03
»1:953=03
=0.000
=0.000
e5,0859=03
»1e954=03
1¢993-08
3,906-03
«9.766003
3.906-03

-w00000

3,906.03
®3,906=03
376603
e1e95300%
10995-03
1.9%3~03
3:706=03
3.906~03
=0,000
7.813=03
1.9%3=03
*1,95~03
3,906-03
1993803
=3,906-03
14953=03
=0.000
=1:9453=03
14953=03
1:953=03

NN NUNEENNNNNNNNNVNNNNNVN =NV NNV NN NNV DR VN DU N

.292040
302040

302040

.3020.0

302040
302040
302040
302040
242040
302040
502040
292040
302040
392040
302040
302040
242040
312040
352040
3020.0
302040
302040
302040
3020.0
3020¢0
302040
302040
512040
312040
302040
30200
302040
292040
302040
3020.0-
322040
322040
352040
3120,0
322040
312040
3220.0
322000
332040
3120.0
3220.,0
322040
32200
322040
332040
352040
392040
362040
352040
342040
352040
352040
352040
352040
362040

ANl A Al T A i il

3520.0
2910,0
2950,0
2920,0
3020,0
2860,0
2850,0
2830,0
2960,0
$380,0
255040
3060,0
2820,0
2870.0
2130,0
287040
27150,0
3810,0
2790,0
2860,0
2760,90
3200,0
294040
2810,0
2950.0
534n,0
2700,0
2750,0
2990,0
5370,0
3260,0
328040
3040,0
2690,0
2650,0
294040
2960,0
3050,0
3130,0
4300,0
2710.0
3300,0
333040
3260,0
3500,0
- 5040,0
3640,0
319040
2810,0
350040
340,90
5°80,0
5610,0
3720,0
3310,0
3380,0
3510,0
$630,0
547040
3470,0

5746%
57,062
57,%8
97459
57Te52
ST.48
57445
57.41
57,38
S6.85
56,55
55,80
$5.27
54,74
S4,22
53,69
4,10
52,64
52411
51,58
51.08
50494
5040y
49,69
49,37
49,06
4B, 74
4, U3
48 11
47,80
47,48
47420
46,914
46,658
46,35
uh,0!/
45,78
45450
45,48
45,40
ab,44
45,42
45,40
45,38
45,30
45,34
45,42
45,30
us,28
49,70
45,24
45,22
us,29
48,18
45,10
4h,14
4h,12
ah e by
45,08
45,06

foonoa .

82,7 94,40 14.25 3133
85,5 8244 18,23 331430
85,5 83,9 14,21 31,38
85,5 82.7 14419 31432
85,% 85,9 14418 31.352
85,5 81,0 14,16 31,33
85,5 8047 14.14 31435
8545 8041 14.12 31.37
68,5 85,8 14610 31439
85,5 9%,7 13.814 31.30
8545 72.2 13.51 31.31
82,7 86,7 13.22 31433
85,9 79,9 12,958 31,53
85.5 81,3 12464 31635
85,5 77.3 12434 31.38
8%,95 81,3 12409 31440
68,95 T1.9 11e70 31,39
BY8,3 107.9 11,40 31433
94.0 79.0 1117 31.32
85,5 81,0 10.88 31436
85,5 7842 1059 3139
83,5 92,3 10.29 31,39
8455 85,3 1000 31.58
85,5 79.6 9,83 3180
8545 83.5 9,65 31448
85,5 Q4,6 9,48 31,40
85,5 Toeo 9.50 3140
88,5 T7.9 9e13 31044
88,3 84,7 8495 31.47
855 95.4 8.78 314006
85,5 92.3 8s6p 31.42
85,9 - 9249 844y 31439
B2.7 86,3 8,29 31437
85,9 7642 8,13 31,38
8545 7540 Te97 31042
91,2 83.3 7+81 31,46
91,2 83,8 Tebo 31450
94,0 85,8 7.50 31.53
88,3 88406 7449 31455
91,2 $3.4 Telt8 31454
88,3 T6.7 Tea7 31456
912 93,4 Tehb 31.58
9142 94,3 Telk 31457
94,0 9243 Teu3 3157
88,38 95,4 Tel2 31450
91,2 86,14 Tely 314496
91.2 10341 Tedy 31454
912 903 739 31492
9142 T9.6 T30 31459
94,0 9941 7437 31456
99,7 984 Te3b 31455
99,7 9249 T34 31457
102.5 10242 7433 31.58
99,7 105.3 Tel2 3157
Q6.8 93,7 Te318 31457
99,1 95,7 T30 31458
99,7 99.4 7429 31.59
99,7 102,8 7.28 31459
99,7 9843 Te21 31498
102,95 9843 Te206 31459



06

330
334

- 332

333
334

1535,54
1535, 31
1535,37
1535,22
1535,03

20505405
24094405
2049705
2+489+05%
2e4B0+05

®1,953=03
»74813=03
=5,859-03
e7¢813=03
»3¢906=03

LR VR VR VR

382040
402040
402040
422040
462040

45,084

4190,0 10842 118.6 Te24 31.58

a600,0 45402 113.8 130,3 723 31452

3860,0 4%5,00 113,8 109,3 T.22 31450

4610.0 44,98 119.5 13045 TW21 31448

5090.0 44,96 130,8 164,41 7.20 34443
P T Ty e
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LONG LAKE METEOROLOUGIC DATAm==JUNE THRU NOV¢3}971=eDEEP RES MODELePHASE 3

YEAR 1971
FIRST DAY 152
LAST DAY 334
08S 1
TAPE OUT 18
A '0.00
B '0.00
LATITUDE 48,0
LONGITUDE 118,0
LLEVATION 468,0

ATMOSPHERIC PRESSURE INPUT
CLOUDINESS INPUT
WIND SPEED INPUT
DRY BULB TEMPERATURE INPUT
"DEW POINT TEMPERATURE INPUT

SHORT WAVE SOLAR RADIATION INPUT

END DATA

CONVERSIONS

CONVERSIQONS =

CONVERSIONS
CONVERSIONS
CONVERSIONS

CONVERSIONS

INPUTY

2¢5480¢01
1000001
¥, 47008
5,555=01
5,555=01

1e150m04

0.000
0,000 .
0,000
»3,200408
;3.200001

0,000

0000

G.000

0,000

0,000

C.000

00000
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v
o

NET SOLAR

205156
01237
«02356
203099
07394
«075%00
« 03863
«063L0
« 07605
« 01398
sUbSTY
« 05081
005009
«07490
07942
w8018
2« 07238
«03151
«07470
s QUUs8
007326
W07142
205824
0 0635]
206784
s 07944
«048006
e 02193
007769
00069066
e0b1U4
08058
w7937
006794
002076
«05688
207725
05796
v 054156
+05019%
« 07159
207180
«0B0U2
071784
W 07511
«07449
«07630
« 07565
20751}
s Qb1 b6

93

Pt —

NET ATHOS

0074064
007324
007587
07734
«07344
0073510
08137
« 07108
0070061
807767
e 07361
0 0H620
07447
06920
«0684y
+06980
07718
008327
007567
« 085177
08662
e 09146
008169
+0R0YB
e 07447
s07211
«07950
007498
«07002
« 07909
¢ 04000
«07430
« 07130
008260
0077314
207108
L06899
208775
2008479
2077514
007167
07226
207539
07713
08177
08443
»08538
08732
208989
09687

METEOROLOGIC DATA
AT PRESS

696,72199
697,22999
698449999
700+02599
699,76999
699400799
697473798
698,24599
694445599
694443599
699.26199
697,75/798
69072199
701454799
70027799
598449999
696,97599
69 704599
69976999
70205599
700493199
6964461799
697.73798
690.46799
695445199
695.95999
696.21599
69847%499
702005599
701,05399Y9
698,49999
699476999
701.29399
$99.26199
b9H,u9999
69d,24%99
T01.,R0199
694424579
698475599
700478599
702405549
702.56399
70307199
702481798
699426199
597.99199
701.03999
701429399
699.26199
©97.99199

DRY uvtub
11,66590

Peduss0

11.11000
13,35200
10.0a300
16,1094%0
14,44300
11.66550
13.,88750

124221007

14.53°00
17.22050
13.88750
12.22100
13.,335200
13.35200
1u,443%00
15455400
1777600
18.,33150
22,22000
23.88K50
17.22050
15455400
13.88750
13+33200
15.33200
10.55450
1444300
174716800
1H.35150
15,5%400
15,55400
18,88700
13.33200
11460550
12.776%0
19444250

1777600

13435200
13.A8759
1555400
1R, 338150
19,44250
22422000
23.8b650
24.04200
29459500
26460400
2777500

EA

10.,16788
9el193s8
10416788
1056145
Falb362
9.7873)
10.16788
74167064
Be0bO5S
1056145
10.16783
10,5683
1138905
Telb04Y
T+16764
b6.61869
Telolbd
11,38906
1016783
12+2735206
13,71288
13.71288
9,78739
Bo00656
8.38753
6.30/20
6261867
BeC665N
775644
BaT1962
Tal5b9}
6.10726
5.856492
6.ERB3S
Te7bb8Y
6101864
b6,3%8643
B8,7198¢2
1273760
9441933
Be38758
B,71982
R.38758
B406650
9.78730
9,41933
8,38/54
1056145
11458906
13.71288

WIND

3,97830
3,606540
2,68200
8,96870
3,97830
2,63730
4,82760
5,00640
3,55150
2490550
4,11240
4,00770
S,09580
6,74970
4,51470
4,87250
2,68200
2.32640
3,95366
2.63730
3479950
2,95020
4,827¢60
3.62070
Ye721060
2,90550
3,93360
2,63730
3.,93360
Re90950
4,55940
3,17370
2.77140
3,97850
$.98980
S.,67690
2.64730

2490550 .

3.35250
S,45340
4,24650
2,05620
2,14560
2,05620
2,19030
1,92210
2,148560
3,486060
2481610
2,45850

EQ TEMP

27433251

6403548
14,023014
19,05766
36,05499
38.03676
26,45194
30435486
36444860
10064367
32468097
40,93%120
2b.ulo28
34465023
36429547
37.86840
4p.12001
24442592
60,07328
3325973
48,69803
51.89267
36,76859
l8.87286
35453155
39.u4662
29469020
12,43117
36.78180
40,41599
36497634
39435405
38,73557
42,53892
16,89236
27.01311
3567237
41.81368
37.34004
28.88439

A5.06021

35.67682
42476950
42493219

45,49592

47446008
49,20146
50.51714
S1s41401
51451488

A Dl e et ooy

TR
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NO NET SOLAR

107038
207217
007418
«0733)
206966
07253
207010
s 06659
007226
06622
« 06892
06725
«06894
2006785
«06830
«06264
203259
«06677
2065018
06807
¢ 00634
206695
206820
s 06562
e 06594
206713
006534
206576

0063876 -

006288
004908
006091
«01329
«06475
06262
W 0H12]
«06047
05107
205356
005587
+0515%
«03574
20} uby
001357
« 03569
105664
005564
002494
05604
+ 05525

NEY atM0S

009191
« 08928
«08732
e 0B349
208269
008349
208989
08791
$08403
«087406
209028
U¥3Y8
000372
009070
2+ 08635
208989
009250
08944
« 09250
09129
09028
«09230
«08928
2 08H29
207994
«07980
«0799¢
207920
« 08071
W 0HS58
N8B0
208034
08137
007061
077138
07980
08576
« 09498
e 08669
0 0BUTT
209044
+08098
207324
«07676
«0/912
Q7200
« 07890
« 07554
206683
«07503

METEQROLOGIC DATA

AT PRESS

697,99199
699,00799
697.22999
696,97599
699,00799
699,51599
b9H,49999
697473798
700427799
$99.26199
599451599
697.48399
696497599
694, 68949
697,22999
697.99199
698,28599
697,22999
638475499
700.78599
T00,53199
697 ,uB8599
695,19799
695019799
b9 /,uB 399
697499199
699426199
700+53199
69951599
695,95999
695.19799
6971,22999
697.99199
70u4,34199
701.54799
699451599
69849999
698424599
699,51599
697.48399
693.67399
6944438599
693,16600
695.92800
700455199
699,00/99
693492800
697422999
704,0879¢
598475399

ORY HuLUB EA
27,77%00 12427328
2beb6U0D 1056145
295455300 F.41933
23.,33100 Pe0h362
22477550 10.16768
23.35100 10456145
26466400 10.968%8
25455300 12627326
25,88650 Ged1933
25455300 1438906
27421950 12673760
28,8600 1273760
28,13050 9.7/873%0
26410650 B.71982
24.99750 10416768
26466400 12427326
24.84200 14.7%322
26466400 15.21733
28453050 10.76838
27.77500 be35843
27.21950 Teubv69y
26,33050 6435843
26466400 Sen0562
26410850 Syl6d?2
21410900 Telbl64
21410900 [ TE1-EX)
21410900 6y 5843
19,99800 6435843
21466450 7s16764
24,44200 Be3E758
23.88650 8438758
21410900 8,71932
14,440300 906362
14.,44300 9.06362
19.,44250 B.06656
21410900 8s71942
25433100 Q06502
23+33100 8471932
L PULau200 10.96838
25,3%100 11,682388
23.43100 14,22459
154854990 104596148

9e4u3s0 978730
11066550 11+5%890¢
144443500 11082388
16010950 1016788
20.54%350 10.,96838
13.33200 11438906
12.22100 871982
1777600 8471982

PR OA TR YN

TR AR

WIND

3,352%0
3,4B6060
4,29120
2,81610
2,63730
2.68200
24905590
4,87230
3.,79950
2.32440
3,3%250
2450320
3.93360
4,24650
2,90550

2,68200

3.35250
5,08430
3.66540
3.55130
1.653990
3.84u020
4,51470
4.,20180
4,51470
2.771490
S.76630
3.62070
3.97830
2,05620
5.90040
3.97830
4,02530
2.50320
2,32040
214560
2:59260
3,03960
2,63730
2.81610
3.66500
b,65680
4455940
6,03450
3,21840
3,397¢0
4,69350
4,55940
2.63739
3.71010

EQ TEMP

S§.74064
S0.41260
49.76544
N6, 08682
83,4948
dY,6usb8
49,90159
K6e137788
46431540
45,80943
49.5945%
S51.89402
5254858
49,45797
45,91830
UH40UB08
32.,84494
a7.77452
49.3250%
S0.02030
4B,27837
50431989
48,37897
U6421599
39,23067
39,72769
38,92654
38.51063
38.7758%
Y2,.31997
37.49327
37.00179
13,4551
30,65189
35412787
36408926
41440287
44,4697)
38.65588
38419624
40,83063%
244653890

7.20088
9.06424
25402461
27,68103
33.07346
14.27070
22.95378
2955805

Y T T T ) I R SN TR SN D NI ITT A et
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METEQOROLOGIC DATA

WIND

NO NET SOLAR NET ATHMOS AT PRESS DRY BLUB EA EQ TEMP
101 204535 « 07949 698,753599 18,88700 10.16788 3.03960 28429228
102 005134 « 07904 696472199 20455350 10.5614% - §,42530 3097579
103 205299 007296 700478599 16,66500 84060656 5,03450 26462424
104 005254 07249 702.81798 16,10950 745691 5,45340 25098106
105 05162 106806 702456399 1555200 b6e3358u3 2,81610 21474190
106 05249 100638 704454199 12.22800 EYLLEY Y] 3.39720 20495303
107 005219 06420 705.83598 10.55450 4.77634 3,352%0 18.,726%0
108 - 205132 06658 708491398 12422100 4,77034 S,14050 20.15122
109 +05000 206420 709,92998 S 10459450 4e77634 3,03960 1760497
110 + 008650 «07190 706411998 11,11000 540562 2414560 22439158
111 $04206 W 07002 699451599 1274650 S5¢640562 2,50520 16450790
112 LD 206584 70434199 1111000 635843 5,85570 18,00643
113 0u/By 006377 70459598 9499900 6410726 1,20590 16411483
‘116 e 0U36Y «06819 703407199 12422100 beb188HY 1.96450 17.76107
115 « 04550 007296 6984759399 16,656500 be61869 4,20180 22.76u414
116 + 03587 0078214 694.963599 13.887%0 Te16764 5.,72160 22+33573
117 «03129 007447 691, 58798 12+ 71150 Te45091 4,73820 16478928
118 02244 007291 698+ 41999 10455450 FeU193%8 2436910 10492198
119 »01891 W 07411 695470599 9.99900 Be06656 487230 10413081
120 202594 W 07ULL 692.065798 9,99900 Te16764 5,099580 13,7208}
124 02950 06464 6914153598 6411050 Te16764 3.97830 Teub744
122 «03776 »05988 59595999 6411050 6s10726 3,17370 7+63669
123 04212 0106207 700402399 B,35250 6410726 2.905%0 1170228
124 «0U060 206302 708e57v98 9,4a850 6,85854 5,21840 11,77987
125 0272 «07676 703507199 1166550 TeT5045 3,08430 16061392
126 03816 208076 10408799 16466500 9473750 3,62070 25.65702
127 003774 007380 705.10599 174220490 11.82388 3,66540 19.52u26
128 02807 08192 7102.,56399 16410950 10495145 2,68200 21.50144
129 «03337 206740 705455799 1277100 T B.S8758 1.16220 11.81201
130 «Q 3589 06874 705010399 13.82750 9.046302 2,24500 14.25573
138 03934 W 0bHTS T04.08799 13.88750 9e411383 2.14560 13.970014
132 203292 06980 T02.81798 13633200 9,06362 1,78800 13,6307
133 002563 06920 70129399 12422100 T.167064 4,11240 9.38748
134 02729 0729} 702,50999 10,5850 b,BRBSS 3,39720 13400667
135 001961 s 06411 694919799 Te71700 S,B5492 7.15200 1294584
156 001823 206423 6974048399 54783300 4e77n34 2,b63730 1230118
137 002947 105710 6917422999 484800 IPLEILLY 5.72100 1.06858
138 ELEY 05624 690472199 Bal4800 20849939 5,27460 2465474
139 03266 005266 694,18199 L 1,11100 3.7597s 2,59260 wi,15103
1490 02670 106632 6944435599 6411050 4458112 3,93560 T.87123
141 00778 006902 692,40399 behhb00 8406056 ToT75510 007509
ja2 $02508 06553 701405999 Heb5%00 6410126 5.72100 5.967%88
143 028482 05846 704499598 4,99950 5440562 3,08430 1839548
144 01636 007258 699.00/99 B8.85800 Ted5691 3.62070 Te3aGug
145 s00598 005902 693,41999 bebnb00 7475045 2.63730 = 84647
146 201849 806311 5904456799 4499950 6435843 4,20180 46355
147 «G1102 206659 695,u45199 4499950 5e63113 6,70500 34088
148 02429 009571 690462598 2477750 4,58152 7415200 2482991
149 02013 205158 698,24599 2422200 2461740 4,96170 6450191
150 002949 QU626 708,6%998 ~4,44400 1e73907 2,68200 ~B,245350
QLR B e e 0 e Lt e 2 4 4 MR A St aats 17 s bt oo o0 als g o St se pPt S re St




G6

NO

1514
152
153
154

155

156
157
158
1%9
160
1614
162
163
164
165
166
161
168
169
170
171
172
173
{174
175
176
177
178
179
180
{81
182
183

NET SOLAR

02360
«01038
«01279
¢ 02588
«02207
01009
01623
202502
«01859
«00722
«01534
201501
2000698
+01229

» 00250 -

« 00499
01186

w0405

201214
«Q1477
00363
«01301
200746
00984
01628
0 00dbo
« 00627
+ 00465
200382
900978
00537
00495
«0037)

NET ATMOS

0050866
«05757
005617
105461
e 06097
«06H20
W 05950
04801
005617
05667
206045
200632
06820
06739
006059
«006501
«05870
' e 063ub
e 06014
0059591
005900
¢ 06235
« 06580
06580
e09373
05757
206173
006194
s 06194
«06270
006194
« 06045
2056806

METEORDLOGIC DATA

AT PRESS

7106.57399
698424599
699.00799
695,70599
705464199
700,27799
697.48399
707458999
704.84999
697,99199
699400799
694 ,HRI97
699451599
696446799
693467399
692491200
700402399
704484999
705.63199
706411998
7064373599
704408799
7103.57998
699,00/99
792.3079¢
699:51599
697,22999
700453199
6995,70599
690,21399
689,10199
693.,160600
702456399

TYoY

(At s R a1 S R e A By S EARS L 2 b e

.

DRY HBLUB

«8,99950
m1,66650
=2s17750
2477750
2422200
6411050
1011100
«2,77750

- w2277750

=1.11100
«HhH550
6,11050
6411050
5e855500
4,99950
S,88850
1eb66650
2.77750
277750
~e55550
55550
Qeitpo
delutQo
4.44400
111100
®1:6b6650
2477150
1:660650
1,606450
2022200
160690
e55550
w2e22200

EA

2,28853%
3.,00386&
3.87062
4,9784n
4477034
4,97848
4,03864
2+39381
2.85939
3.70922
Se 18816
6410726
Be71182
Te75645
775045
b BRBT3
5663113
6410728
S.h6492
4,97848
4497848

b¢B88833

7413645
beb186Y
4.21287
4458152
6435843
S«63113
S.,85u492
6010726
Se86492
6455843
4497848

-RIND

3.21840
2.23500
3.79950
8,22480
4,90170
6,794490
8,67180
3,66540
3.,17370
2,25500
2.,30910
4,29120
3,08450
2s77140
2.68200
2.,81610
2,50320
1.65390
3.531350
2,77140
3,17370
S,40870
2,45850
3.,08430
4,20180
2.81610
3,08430
4,82760
4,20180
3.84420
3,17370
2,32440
1,47510

EQ TEMP

»7.50633
»8,37904
r8,34217
=2,96159

52135

«H39t6
wTe14230
v8,99514
“5,36496
=10,77222
©3,3706%

$4d7639
=1.03157

299790
wl,70969
~4,78109
=b6,65217
~H5H879%
=5,2790%
o7 ,54u3s
=10.62047
»2,95887
-2,84318
=],62343
He63970
~11,31593
=8,9495%
=7.57878
-8,00383
-b,355279
~Te21160
w8,69643
®12,40818

MEac- S
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DEEP RESERVOIR MODEL

DRM SIMULATION OF LONG LAXKE==ONE TURSINE INTAKEe=~JUNE THRU NOV 197}
SYSTEMS CUNTROL INC

FIRST DAY 152
FINAL DAY s34
NORMAL DZ 1,000
MAXIMUM EL 32,0
EX DEPTH 1.500401
EVAP COEFF A 0,000
EvVAP CUEFF 8 1.500=09
MIN STAB -,070
Sw EX COEF 246100
SEG NUMHER 1
TEMP PTS 1
DAYS OUT 3
OUTPUT FREG 500
VERT PRT FREQ 3
TAPE QUT 0
NUM OQUTLETS 1
REPEAT XEQ 2
XEQ QUTPUT [NT 2
085 PER DAY 1

CRITICAL STAB 9000207
LOw GRAD LOEF 2¢500=01
INTERCEPT 1,400=05 - -
EXPONENT «7,000=01
REACH LENGTH 54650404
AREA COEFF C} 1,954405
AREA COEFF C2 bel14+05
AREA COEFF Cs 0,000
BUTLET ELEVATION EFF WIDTH
1 2,100¢01 5,520402

e

G i



L6

z
o
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v
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DRM SIMULATION OF LONG LAKE==ONE TURBINE INTAKEewJUNE. THRU NOV 1971

gLEVATION

o0
140
240
3.0
440
540
6.0
7.0
8,0
9,0

1049
11.0
12.0
13.0
1440
190
1640
17.0
1840
1940
20.0
210
2210
25,0
2440
25.0
259
2740
2840
29,9
30.0
3140
32.0

DEEP RESERVODIR MODEL

SEC AREA

1954405
8,068405
14418406
24050406
2ebUl406
34255406
3.864406
deld75406
S.087¢+06
Hab98106
64550006
54921406
74533406
B.184406
Be7H06+06
Fas07406
Fe978206
1059407
1.120¢07
14181407
te2U2+07
10304407
1e365¢07
1426407
1.487+407
10548407
14609407
10670407
1e732¢407
1793407
1.854407
1915407
16976407

SYSTEMS CONTROL INC

CULM vOL

0,000

5.,011408%
1.610406
34338406
S»673+06
8,620406
1.218407
16655407
24113407
2+652407
3,253+07
3.914+07
de657407
Sell21407
6.266407
Te172¢07
By139+07
9,168+07
12026¢08
14141408
1.262408
1.%589+08
14523408
14602408
1.808+408
1.960408
24117408
2.281408
24452408
2628408
2810408
24999408
3.193+08

OELTA VO

5.011¢05
16115406
{e72u¢06
20335406
24947406
5,558¢06
4. 170406
Ge78LH0S
He393406
6e004+06
beb16¢00
74227406
7838406
Bab50¢06
G.061¢06
A,673406
1028407
10090407
1151407

. 1e212407

10273407
1e334407
1395407
16496407
14518407
14579407
1e6U0*07
14703407
1e762407
10825407
1884407
1e94bt07
04000

TEMPLC)

1,200401
1.200+01
14200401
1,200¢0%
1,200401
12004014
1.200+014
14200¢01
1,200¢01
1,200¢04
14200408
1200408
1,200404
14200¢01
1,2800¢01
1.200401
120040}
1,20040%
1,200¢04
1.,200401
1.200¢01
1,200+01
14200008
1.2004018
1,200+401
1.,200+01
1,200¢0}
1.,200¢01
1,200401
1200401
1.200+01
1.,200¢01%
10200401
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ELEM
NUM

O@ NPV E N

aov
REACTION
Cutk
0008
2008
4008
« 008
0008
008
«008
2008
1002
1008
2008
«008
« 008
f0UR
2008
. +008
_#008
«008
008
« 008
2008
»008
« 008
«008
»008
008
2008
L008
s0UB
0008
0008
«008

80D
SETTLING

COEF
000900
000900
2000900
« 000900
«000900
«000900
«000900
2000900
«000900
«000900
«000900
«000900
«006900
2000900
2070900
«000900
«000900
«000900
+000900
0006900
000900
+000900
000900
«000900
2000900
«000900
2000700
«000900
+000900
0000900
« 000900
0000990

COLIFURM
REACTION
COEF#
«0040
«0040
«0040
20040
« 0040
«0040
20080
0040
0040
« 0060
20040
« 0040
0040
«00U0
00040
20040
«0040
« 0040
#0040
« 0040
0040
s00GY
«0040
«0040
« 0040
« 0040
«000
«0040
0040
« 0040
«0040
«0040

LAKE ELEMENT YARIABLES

NH3
REACTION
COLF
+0040
W H0ED
0040

C e 0040

20040
“e 0040
«Q0N0
s004Q
s Q040
00U
20040
W Q0UD
00040
« 004D
20040
20040
20040
D040
«0040
0040
DOAQ
«00%0
« 0040
«0040
0080
20040
D)
20040
s 0040
0040
Q040
20040

NO2
REACTION
CUEF
«0150
«01%0
150
« 0150
«0150
«0150
<0150
W 0150
« 0150
0150
0150
0150
#0150
0150
«0150
«0150
« 0150
0150
« 0150
+ 0159
« 0150
«0150
«0150
«0150
o150
0150
0150
0150
«01590
20150
«0150
#0150

NO3
REACTICN
COLF
0014
«0D14
0014
20014
«0014
«0014
«0014
«0014
« 0014
00314
«0034
w0014
#0034
0018
0014
»0014
«0014
0034
20014
+0014d
eGOL4
«0014
+0014
0014
«0014
20014
20014
«0014
0014
0018
0014
« 0018

POg
SETTLING
. CUEF

«0009

«0009

#0009

0009

«0009

«0009

«0009

«0009

20009

«0009

+0009

«0009

0009
0009

«0009
«0009
«0009
«0009

0009

20u09

«0009

0009

0009

»0009

20009

20009

20009

«0009

0009

10009

20009

0009

HEAVY
MET |
CUEF
« 0040
0040
0040
«0080
« 0040
s0040
«00U0
0040
0020
«0040
20040
0040
2 0U&Y
«0060
20040
WOUd0
#0040
0040
«0040
» 0040
0040
«00490
0040
0080
« 0040
«Q0H0
« 0040
« 0040
« 0040
«0040
2« 0040
#0040

HEAVY
MET 2
COEF
®,0000
400090
»0000
20000
0000
«0000
+0000
20000
¢ G000

0000

«0000
«0000
«0000
«0000
0000
«0000
20000
0000
«0000
»0000
«0000
«00CO
0000
«0000
«0C00
20000
20000
«0000
«0000
20000
20000
0000

HEAVY
MET 3
COEF
" 0000
40000
«N000
«0000
«0000
W 0000
#0000
«0000

0000 |

20009
2« 0000
0000
«0000
«0000
« 0000
20000
0000
w0000
+00C0
20000
0000
20000
«0000
#0000
0000
0000
20000
«0000
10000
+ 0000
0000
»,0000

TEMP

(DEG~

CeNy
12,00
12,00
12,00
12,00
12.00
12,00
12,00
12,00
12,00
12400
12.00
12,00
12,00
12,00
12,00
12,00
12,00
12,00
12,00
12,00
12,00
12,00
12,00
12,00
12.00
12,00
12,00
12,00
12.00
12,00
12.00
12,00
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INITIAL CONCENTRATIONS

ELEMENT Do 400 NH3sN  NU2=N NU3eN POUeP PHYTO COLIFORMS MM} HM2 HM3  TUT N CHLOR HMIY HMI2  nKM13
NUMBER CAMG/LY (MG/ZL) (MG/L) (MG/L) (MG/LY (MG/ZLY (MG/L) (MPNZLI0O0) (MG/L) (MG/L) (MG/L)Y (MG/L) (MG/L)Y (MG/L) (MG/L) (MG/L)
1 =00 =400 ~,0000 =4,0000 =,0000 =,0000 =,0000 "0 =00 w00 e,00 =, 00 "o 00 w,00 e, 00 w,00
2 »38 203 40003 L0000 ,L,0UBd L0002 L0000 35,% WO 200 000 « 00 «00 $00 «00 W00
3 o 75 W06 L0006 L0000 ,0§168 L0008 40000 7140 200 + 00 $ 00 « 00 « 00 .00 $ 00 + 00
4 1,13 e300 40010 40000 40292 40006 .0000 10645 +00 00 000 00 «00 200 »00 «00
5 1,51 W13 L0013 L0000 ,033% L0008 4000C 141.9 ° ,00 «00 000 «00 +00 200 W00 7 400
[ 1,89 216 40016 L0000 L0419 0010 0000 17744 «00 «00 «00 200 «00 .00 W00 «00
7 2426 #19 L0019 L0000 ,0%0% L0012 +0000D 212.9 000 00 . 400 »00 00 000 200 W00
8 2,64 25 L0025 L0000 L0587 L0014 L0000 248,4 «00 « 00 000 « 00 « 00 «00 000 200
9 5.02 026 L0020 L0000 L0671 L0015 L0000 283,9 200 00 000 «01 2«00 - L00 0 00 000
10 34490 29 s 0029 +0000 s 075Y 0017 20000 319.4 s 00 200 000 01 . 200 » 00 200 200
11 5,77 32 L0032 U000 L0839 L0019 40000 354,8 $ 00 200 000 W01 W00 200 «00 « 00
12 4,15 ¢35 L0035 L0000 L0923 L0021 L0000 39045 «00 «00 «00 «01 «00 200 00 W00
13 4,53 239 L0039 L0000 L1006 L0025 L0000 25,8 200 W00 000 ' 01 200 «00 W00 00
14 4,91 02,0042 L0000 L1090 40025 40000 461,43 200 ' 00 «00 «01 $ 00 00 200 W00
15 S.28 245 4004Y 40000 Lit74 L0027 40000 496,8 400 00 «00 W01 200,00 « 00 00
16 Sa66 48 L0088 L0000 L1258 ,0029 40000 53243 $00 00 00 o 01 Y $ 00 200 200
17 6,04 #5952 40092 40000 41342 40031 40000 567,47 200 « 00 «00 $ 04 $00 000 «00 200
18 6,42 55 L0085 ,0000 L1426 ,00335 L0000 603,2 W00 « 00 00 W01 $ 00 00 00 200
19 6479 58 ,0058 L0000 L1910 L0035 .O000C 63b,7 «00 v 00 « 00 201 $00 .00 400 200
20 Tai7 61 L0061 L0000 L1594 Lu03T7  .000C 67442 200 «00 «00 001 +00 200 000 000
21 7459% 165 L0065 0000 41877 L0049 L0000 70947 W00 «00 200 W01 W00 .00 000 000
22 7.93 168 40068 L0000 L1761 L4004l L0000 745.2 $ 00 «00 «00 e 01 200 W00 e 00 W00
23 8,50 W71 L0071 L0000 L188% L0043 40000 78Vt £ 00 W00 )00 W01 « 00 200 «00 «00
24 Beb8 74 40074 L0000 41929 L0045 40000 81641 W00 W00 «00 00} 200 «00 200 »00
25 9,06 oIT  J0077 40000 L2013 L0046 40900 85146 «00 400 200 02 W00 0u W00 000
26 9,44 WAL L0UB1 40000 42097 L0048 40000 887,41 +00 $00 »00 202 200 $00 « 00 W00
27 9,81 JBY L00H4 L0000 L21RAL L0050 L0000 922.6 s 00 000 200 002 $ 00 «00 400 400
28 10419 287 L,0UB7 L0000 42265 L0052 L0000 998,41 000 «00 000 0 000 200 $ 00 «00
29 1057 W90 L0090 L0000 L2348 L0054 40000 995,5 $00 «00 $00 «02 $00 400 00 e 00
30 10,95 U L0094 L0000 20352 L0056 40000— 102940 $00 $ 00 « 00 002 »00 «00 200 ¢ 00
31 1132 W97 0097 L0000 42516 40058 40000 1064,5 «00 2 00 «00 02 400 .00 000 000

32 11e70 1600 40100 40000 42600 40060 »e0000 130040 .00 »e00 w00 002 w00 »eG0 *e00 v, 00




00T

DAY
NUMBER

152
153
154
159
156
157
158
159
160
161
162
164
164
165
166
167
168
169
1790
171
172
173
174
175
176
177
178
179
180
184
182
1R3
1H4
185
186
187
1R8
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203

FLOW
(CFS)

25720,
25420,
250200
24720,
24320,
25620,
22920,
22520
21820
213204
20920
20120,
19720
19470,
19320,
19120,
18420,
17820,
17220
16220,
120
15220,
14720,
14120,
15720
13420,
13120,
12920,
12520«
10229
Y620,
H 20,
BU20a
Sudye
Su20s
5420,
H4d20.
9420,
“dP 0.
9420,
60204«
5420
50204
5220
5820,
S620.
52200
4720,
4520
4329,
4a20.
4620,

00 BOO
(MG/L) (MG/L)
11,70 20
11.68 021
t1.67 »21
11465 022
11.63 22
11.62 23
1160 24
11498 W24
11457 «25
11e55 26
11253 26
11452 27
11,50 27
11442 «30
11.34 82
11,26 »34
11,19 36
11,11 39
11.03% 414
10,95 U3
10.87. 2145
10,79 su8
10.,7¢ «D0
10,64 2
16.56 W hy
10,48 56
10,40 -1
10,32 61
10,24 «b3
10,16 065
10,09 268
10,01 70
9,94 2 72
9,85 o 74
9.77 77
9,69 79
9.61 81
9,54 «83
9,40 W86
9.58 88
9.50 . 90
9,16 93
9,03 0
8,89 1+00
8,76 1003
B.b2 1406
8,49 1.09
8,35 1e12
8,21 l1elb
8,08 1419
1,94 1.22
7,81 1529

LAKE INFLOW CONCENTRATIONS

NH3=N
(MG/L)

0100
0092
+0083
0075
00067
0058
0050
0042
0033
00025
0017
0008
+ 0000
w0007
Q014
«0U21
0029
0036
e 0043
0050
20097
«0004d
s007Y
«00/9
0080
20093
LA100
W 0107
sO1 1Y
0171
.0129
01350
engds
«H150
#0157
0164
WN171
0179
10186
0195
«0200
0200
«0200
1200
0200
0200
«0200
«0200
20200
0260
20200
20200

NO2=N NO3=N

(MG/L)

20000
0000
«00D0
«0000
+0000
«0000
«Q000
e 0000
«0000
« 0000
#0000
20600
20000
«0007
20014
0021
00029
0036
0085
« 0050
«0057
10064
« 0071
079
W JNHA
0095
«0l00
w010/
0118
w0121
0129
1) 56
sylald
0150
« 0157
«0164
s01J1
0179
e 0186
00193
« 0700
0193
«UyHo
0179
017t
«Olol
00157
00150
0143
«0136
0129
0121

(MG/L)

s 1200
o7517
7434
o 75490
27667
7783
7900
JHO1Y
18
«R250
WBL67
TS
85600
8221
JARBY
JH90Y
« 9086
9207
9329
27450
W 9571
96935
«9614
«9936
10057
1.01179
1.,0300
1.0621
tenHUS
1e06b4
1.0786
1.09n7
telupe?
14159
1ete?1
13498
11514
1elhido
11797
1.1879
12000
17071
12145
telold
1.2286
1e2457
12629
1,2500
fe0571
1elbUS
1.2/14

1,2/806.

PO4=P PHYTO COLIFORMS
tMG/L) (MPN/3100)

{MG/L)

$0200
0192
s143
«0175
0167
0158
0150
sy a2
01358
0125
0117
«0108
«1100
wuto?
»0114
$0121
0129
«0136
20143
0150
015/
»0l6d
0171
« 0179
0186
«0193
s 0200
0207
0219
0221
20229
e 062306
024l
« 0250
0257
070U
NP7
syl Y
s D2HH
w0295
«0300
w0%07
s0314
20321
829
suSSL
«0543
«0550
«0357
« 036U
0371
20379

20000
«0000
0000
«0000

«0000

«0000Q
0000
«0000
#0009
« 0000
20000
« 0000
0000
«000¢

« 0000

20000
«0000
«0000
«000C

»000¢

e 000G
s 0000
20000
« 0000
(1000
0000
206060
«000C

00007

«0000
20000
«0000
0000
«0000
«0000
«0000
«0000
« 0000
«0000
20000
00000
+« 0000
e 0000
0g00
«000¢
0000
« 0000
20000
« 0000
«000C
20000
« 0000

1100.0
14481.7
158343
1825,0
2066,7
2308,3
255040
27917
3035,3
5275,0
3516,7
3758,3
4000.0
3964,3
3928,.6
3892,9
3857,
3u2l .4
3785,7
3715040
3714,3
78,6
3642.9
36071
3571.4
35357
3500,0
Iubd, 3
u2B, s
3592,9
3357,1
3321.4
50857
3250,0
3214,3
3178,6
$142,9
5107,14
5071.4
3035,7
3000,0
2964,3
292846
2892,9
2RS 741
2621 44
2785,7
2750,0
2114,3
2678,6
26H2,9
2607,

KMy HM2 HM3 TOT N CHLOR
(MG/L) (MG/L)Y (MG/L) (MG/L) (MG/L)
27 n,00 ., 00 02 «a.00
26 +00 00 002 «00
+26 « 00 200 02 »00
23 «00 #00 02 «00
24 «00 00 « 02 «00
23 «00 »00 02 0o
W23 «00 «00 02 000
22 00 000 02 00
021 $ 00 «C0 02 « 00
020 200 00 W02 «00
020 «00 - 400 02 +00
19 00 00 202 00
18 =, 00 =,00 02 ®,00
18 00 «00 « 02 «00
18 «00 200 Le02 200
»18 200 200 02 200
18 «00 «00 «03. 00
W18 00 00 03 00
18 «00 00 «03 «00
ei8 «00 00 «03 «00
18 « 00 + 00 03 00
018 200 00 03 »00
18 « 00 200 «03 00
18 «00 00 « 04 «00
'18 000 000 W04 00
18 « 00 000 04 » 00
+18 «00 00 04 «G0
W17 000 000 04 «00
037 « 00 00 DY «00
17 s 00 «00 04 00
»17 00 200 05 200
3% s 00 000 «05 00
17 » 00 200 « 05 00
017 200 «00 «05 «00
217 00 00 « 05 000
17 «00 00 05 00
017 00 00 «05 W00
17 «00 «00 «006 200
17 200 00 06 $ 00
17 «00 «00 «06 « 00
17 =00 -0 06 .. 00
17 200 200 «06 200
17 «00 00 06 090
s 16 00 00 00 v 00
oib +00 W00 o086 200
W16 00 00 00 00
[31.] £« 00 «00 « 06 «00
«lb « 00 +00 06 «00
- 415 200 00 «0b 200
»15 $00 00 206 s00
W15 100 100 '0b +00
» 15 200 00 s 00 200

HMIY HMI2 HMI3
(MG/LY (MG/LY (MG/L)
", 00 w00 =, 00
00 200 000
200 «00 »00
00 s00 2 00
« 00 W00 200
00 000 «00
00 200 00
00 « 00 W00
00 200 00
00 00 00
«00 00 200
T W00 e 00 2 00
* 00 *,00 v, 00
«00 00 e 00
=400 » 00 200
o 00 +00 00
»00 ¢ 00 «00
00 00 00
00 00 200
«00 «G0 W00
o 00 Y «00
»00 «00 « 00
00 000 00
«00 «00 «00
$ 00 00 000
«00 s 00 ¢ 00
00 2 00 00
00 «00 000
D0 00 +00
s 00 GO 00
200 00 200
«00 00 «00
+00 » 00 «0D
V0 00 «00
»00 00 000
«00 000 $00
«00 000 00
00 00 030
00 $ 090 00
'oo .00 .oo
®.00 .00 *,00
« QU 00 +00
« 0 00 «00 -
W 00 ' 200
200 00 00
00 «00 00
00 000 «00
«00 «00 00
«00 «GO | W00
+00 200 200
G0 ' 00 0
00 s 00 »00



101

204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

221

222
223
224
225
2Rt
227
228
229
230
231
252
233
234
235
23s
237
248
259
240
241
242
243
244
245
246
247
248
249
250
251
2%2
253
254
255
256
257
258
259
250
261
262
263

4420,
qu20,
4020,
3620,
3520,
3520,
3420,
3120,
3120,
3120,
3120,
2520,
2920,
2920,
2920,
3020,
3020,
2520,
2820,
23204
25920,
2720
2620,

27204

20620,
2220
2020,
2420,
2420
2020
1820,
1820,
2020,
2120
2520,
2520,
2420,
2420,
2420,
2520,
2620,
24729,
2820,
2920,
2920,
292Q.
2920
2920
2920,
2920,
2920,
2924,
s020.
3120,
3020
2920,
2620,
2820,
3020,
2820,

Te67
7,54
7.80
7.44
7,49
TeS3
757
7.61
T.60
Te70
T.68
T.66
T.64
Te61
7499
Te57
Te9Y
T453
7,51
TeG9
T.lb
7444
Tet2
7.“0
T.46
7.5}
7459
7465
Tel2
7.78
7.85
7.9‘
7,97
B.04
8.10
A.10
8,23
8,29
8,3%
8.42
B,48
8,55
8,61
8.07
8,74
8.490
8,49
8,98
9,08
9,17
.26
9,34
9.uY
2.5%4
9.68
9,72
9,82
q'Q1
10,00
10.00

1429
1.52
1035
104}
1646
1052
1457
1263
1¢68
1e74
1083
1.92
2e01t
210
2419
2428
2437
2446
2455
2004
2.73
P82
2,914
3,00
3e00
3400
3.00
5400
3e0Q0
3400
3400
3000
3400
000
3400
300
3»00
3400
3.00
5400
5.00
3.00
3400
3000
5.00
3400
2491
2082
2072
2463
2054
2.45
2455
2426
2417
2.08
1.98
1.89
180
1479

0200
#0200
«0200
0200
20200
0200
+0200
+0200
00200
«0200
00207
0214
0221
20229
«0256
02485
0250
«0257
0264
0271
0279
2« 0786
20293
«0300
0295
0291
02806
0282
00277
0273
0268
«0264
0259
+ 0255
02450
e 024D
0244
,0236
0232
w0227
e 02°3
L0218
0214
0209
« 0205
«0709
0192
« 0185
0177
0369
<0162
«0154
#0146
0138
0131
201238
«0115
0108
0100
«0100

#0118
0107
00100
«0129
0157
20186
0214
0243
00271
« 03500
W 0286
0271
00257
«0203
00229
0214
« 0200
+018b
«0171
0157
«0143
00129
«0114
«0100
$0109
«0109
w0114
+0116
e0123
w012/
0132
001456
«014])
+0145
2 01H0
w0155
e 0159
20104
' 0168
e01738
w0117
W0ine
« 0186
s 0191
S0 1095
0700
s 01 RS
L0169
R
0138
0icd
«0108
0097
0077
0062
0GB
»U03L
0015
2« 00N
«0000

1.2857
1.2929
1.,3000
1.2857
1.2754
142571
1,2429
1.72286
12145
1,2000
1.2071
1.2143
te2214
1.2286
12357
1.2429
1.2500
102571
1.2043
1.2714
1.2786
1.°857
12929
1.3000
1e3564
13727
1.0091
1L.lab%
1.4x18
1eb182
15545
145909
1eb2758
1ebbSb
17660
1e7 80y
te7127
1,8094
1, 845Y
16813
19182
1.9%44
{9909
240273
2«nbhd6
21000
240423
2. 0846
240769
2.0692
FAaiblS
Pe0H38
2e04b2
20384
240308
2.0231
2.0154
2400717
2.0000
24,0000

« 0386
20393
«0400
0200
00400
#0400
0400
0400
e 0400
«0U00
386
«0571
20357
0343
0329
«0514
400
« 0286
0271
0257
02458
20229
214
20200
+0200
#0200
0200
«0200
e G200
«H200
« 0200
0200
«0200
200
«N200
0200
«0200
0200
«0200
0200
«0P00
L0200
«G200
« 0200
20200
«0200
0200
07200
2o
J0260
0209
0700
« 0200
I
«0200
00200
«0200
0200
« 0200

T e0200

« 0000
«0000

‘=e0000

+0000
+»0000
«0000
0000
«0000
+0000
=,0000
«0000

«0000

«0000
20000
+0G00
«0000
00000
20000
«0000
«0000
«0000
«0000
«0000
=«0000
«0000
«0000
«0000
« 0000
« 0000
«0000
+0000
«0000
«0000
0000
0000
0000
«0000
«0000
«0000
«0000
+0000
20000
«0000
« 0000
0000
«eN000
« 0000
00000
10000
«0000
«O0N0
«NGGO
0000
« 0000
«0000
«0000
20000
#0600
-.0000
#0000

257144
2535,.7
250040
P257.1
2034,3
1771,4
152848
1285,7
104249
800,0
11357
14714
180741
2142,9
247846
2814,3
31%0,.0
3485,7
3821.4
415741
4492,9
4428,6
9164,3
5500,0
538644
5272.7
5159,1
5005.%
4931 ,8
uB18,2
4704,5
4590,9
4u77,3
4ins, 6
425040
413644
4022,7
3909,1
3795,%
3061.,8
3v68,.2
3454,95
3340,9
3221,3
3113,s
3000490
2925,.1
246,22
2769.2
2692,
2615,4
2558,5
2u€1,Y
238446
2307.7
2230.8
2153.8
2076,.,9
2000,0Q
2000.0

00
«00
®e00
.oo
.oo
000
00
00
000
»,00
00
W00
00

+00

W00
000
200
200
00
00
00
00
«00
»,00
00
«00
#00
00
+ 00
«00
200
v 00
200
«00
00
200
v 00
¢ 00
00
«00
00
«00
«00
»00
«00
ne 00
00
«00
00
00
e00
W00
«00
.oo
«00
00
+ 00
200
=00
«00

w00
000
=00
00
200
«00
00
200
00
-,00
200
«00
loo
W 00
200
W00
W00
0 00
W00
00
200
«00
«00
«,00
00
« 00
00
W00
200
s00
00
«00
00
00
$ 00
000
000
00
00
«00
00
«00
200
»00
200
w00
200
00
00
.oo
+ 00
200
«00
0 G0
«00
« 00
00
0 G0
=00
200

« 08

00
000
000
«00
00
00
W00
00

200
« 00
W00
Do
W00
200
«00
00
W 00
200
000
00
«00

00
« 00
00
»00
00
«00
200
00
200
+00
W00
200
00
0 00
« 00
00
«00
+00
«00
»00
00
=00
W00
V0
200
»00
«00
«00
«00
200
« 00
«00
« 00
00
-, 00
00

«00
«00
00
«00
+00
200
00
«00
«00
=, 00
«00
.00
200
.00
200
00
+ 00
000
00
« 00
00
.« 00
«00
*,00
200
W00

.« 00

200
»00
00
»00
200
000
«00
«00
Ov
.00
«00
00
«00
«00
W00
09
«00

02

00
00
00
00
.00
.00
«00
.00
.00
00
.00
00

-, 00
000

000
000
®.00
+ 00
200
200
»00
00
«00
=00
000
00
200
:00
200
.oo
200

200 7

000
00
+00
00
200
©,00
200
«00
«00
0 00
200
00
s 00
200
00
+ 00
«00
0 00
000
«00
00
+00
00
00
200
209
«00
®dC0
W00
00
00
»00
«00
00
«00
« 00
$ 00
«00
«Q0
090
*,00
00

«00
»00
., 00
00
2 00
e 00
00
000
100

200
00
00
00
000
«00
000
2«00
$ 00
000
200
+00
200

00
+00
«CO
200
+ 00
«00
«00
W00
200
W GO
« 00
2 00
00
W00
«00
200
00
s 00
# 00
200
«00
»: 0O
«00
00
«C0
«CO
«00
200
00
200
00
00
00
00
-, 00
«00



¢01

264
265

266 -

2e7
268
269
270
271
272
273
274
275
276
2717
278
279
280
281
282
283
284

T 28Y

286
287
288
289
290

308
504
305
306
307
308
309
310
311
312
313
314
315
316
317
518
319
320
521
s2e
323

2920,
2920,

2929,

2920,
2920,
2920,
2920,
30204
3020,
3920
30720,
3020
3020,
5020
2420
30620«
3020,

2920.

30204
3020,
3020
3020,
2420,
3120,
3320,

30200

3029
3020,
3020
3020,
3020,
3020
3020
31204
3120
3020«
3020
3020,
2920,
3029,
35200
3020,
3220,
3320,
3120,
3220,
5120
3220,
32290,
33520,
3120,
3220,
3220,
3220,
3220,
3320,
39204
31920,
3620,
3520,

10,00
10,00
10,00
10,00
10,00
10,00
10,00
10,00
10.00
10,00
10.00
1000
10,00
10600
10,00
10400
10,00

10,00

10400
10,00
10.00
10,00
10.00
10.00
10,00

10400

10,00
10,00
10,00
1000
10.00
10.00
10,00
10,00
10.00
10.00
1000
10,00
10.00
10,00
10.00
10.00
10,00
10,00
10,00
10,00
10.00
10,00
10.00
10,00
10.00
{0.00
10400
10,00
10.00
10,00
10,00
10,00
10,00
10,00

1.78
177
1.77
170
1.7%
174
1,73
1.72
1.71
171
1.70
1269
1.68
1467
1ebb
1465
1465
1064
1463
1062
Jeb1
1e60
1059
1,58
1958
157
196
1055
1e54
1653
1452
152
151
150
1049
1etl
1el7
144b
{elib
145
.44
183
o882
LAY
te40
1440
159
1,38
137
1306
135
134
Jos8
1483
1.32
1431
1e50
1429
1428
127

«0100
«0100
«0100
+0100
00100
«0100
«0100
«0100
«0100
0100
« 0100
«0100
«0100
+0100
«0100
«0100
20100
«0100
20100
00100
«0100
0100
D100
+0100
«0100
«0100
«0100
«0100
«0100
20100
«0100
« 0100
«D100
«N100
«0100
«010v
+0100
0100
«0100
eN1u0
0100
«0100
0100
20100
,0100
«0100
0100
0100
0100
«0100
0100
.0100
0100
0100
20100
« 0100
«010¢
0100
+0100
0100

0000
0000
0000
00000
0000
00000
«0000
« 0000
0000
«0000
¢ 0000
«0000
«0000
« 0000
2« 0000
«0000
«0000
0000
«0000
+ 0000
«0N00
+ 0000
0000
#0000
«0000
«0000
oN000
«0000
20000
«0000
»0000
«0000
20000
«00030
« 0000
20000
Q000
« 0000
20000
«QON0
0000
0000
0000
«0000
« 0000
0000
s000V0
«0000
s0000
«0000
w0000
+ 0000
20000
20000
20000
« 0000
«0000
0000
20000
20000

2,0000
2,0000
2,0000
2.0000
2,0000
2.0000
2,0000
2.0000
2.0000
?.0000
2.0000
240000
2,0000
2.0000
200000
2,0000
2.,0000
240000
2.,0000
2,0000
2.0000
2,0000
2.0000
2.0000
2,0000
240000
2.0000
2.,0000
240000
2.0000
2,0000
2,0000
240000
2,0000
240000
2,0000
20000
2,0000
?2.0000
240000
2.0000
2.0000
240000
2.0000
2.,0000
240000
2.0000
2,0000
2.0000
2,0000
2.2000
2.0000
240000
2.0000
2.0000
2.0000
24,0000
240000
22,0000

20000 "

0200
00200
«0200
«0200
«0200
«0200
«0200
0200

D200

0200
«0200
0200
0200
«0200
«0200
«0200
20200
+0200
v0200
« 0200
vy200
0200
« 0200
00200
«0200
0200
s0°00
»0200
«0200
«0200
0200
20200
20200
£ 0200
«0200
«0200
«0200
00200
«0200
«0200
0200
«0200
«0200
00200
«0200
«N2Q0
G200
20200
00200
0200
0200
s 0200
s 07200
0700
«(200
« 0200
e 0200
«07°00
0200
0260

«0000
«0000
«0000C
«0000
«0000
«0000
#0000
20000
«0000
«0000
«0000

«0000.

#0000
«0000
«0000
+ 0000
0000
20000
#0000
«0000
+0000
« 0000

20000

«0000
«0000
+0000
«0000
«0000
«0000
20000
+0000
20000
0000
« 0000
«0000

00000 _

e 0000
«0000
«0000
0000
«0000
«0000
«0000
0000
0000
00000
«0000
0000
+0000
«0000
0000
«0000
« 0000
«0000
+0000
«0000
«0000
#0000
#0000
«0000

2000,0
2000,0
2000,0
2000,0
2000.0
200040
2000,0
2000,0
2000,0
2000,0
2000,0
2000.,0
2000,0
2000,0
2000,0
2000.0
2000,0
200040
2000.,0
2000,0
2000,0
2000.0
2000,0
2000,0
2000,0
2000,0
2000,0
2000,0
2000,0
2000,0
2000,0
20C0,0
2000,0
2000,0
2000,0
2000.0
2000,0
2000.0
2000,0
2000.0
20000
2000,0
2000,0
2000,0
2000,0
200040
2000,0
2000,0
2000,0
2000.0
200040
2000,0
200040
2000,0
2000,0
2000,0
200040
2000,0
2000,0
2000,0

«00
.oo
00
200
W00
000
$00
«00
00
«00
100
000
W00
00
« 00
« 00
«00
00
00
00
00
»00
«00
00
00
00
000
00
N0
00
00
000
$ 00
00
+00
s 00
00
loo
« 20
00
00
«00
00
»00
00
« 00
«00
200
200
00
00
W00
» 00
00
000
200
«00
'oo
000
«00

900
.oo
« 00
+00
000
« 00
+00
«00
$ 00
« 00
.oo
200
0
«00
+00
+ 00
'oo
00
+ 00
200
« 00
#00
200
00
000
+00
200
200
‘Oo
200
00
«00
200
«00
200
# 00
00
00
00
W00
«00
« 00
»00
2 00
'oo
00
«00
000
200
«00
«00
00
200
000
$00
«00
000
loo
«00

15
15
%]
15
015
15
15
o 15
iS5
oib
«15
15
45
o195
15
o5
15
15
«15
.15
15
15
«15
o1
W15
W15
+15
$ 15
oib
15
15
15
15
1S
15
15
»15
]
.15
15
15
15
15
W15
15
oS
W15
15
15
o 15
15
15
15
o1h
15
15
15
15
15
15

«00
200
W00
000
00
« 00
$ 00
200
«00
W00
« 00
o
300
00
W00
00
W00
200
200
« 00
200
s 00
+ 00
000
W00
«00
00

<000

00
00
W00
00
« 00
00
00
U0
00
«00
«00
200
00
00
+00
2«00
00
00
00
200
00
00
W00
s 00
W00
«00
+00
00
00
«00
«00
00

«20
00
«00
000
200
«00
00
00
00
«00
200
«00
«00
0
200
+00
00
200
«00
«00
s 00
«00
00
«00
»00
«00
200
# 00
»00
«00
00
«00
«00
00
00

09

00
00
00
00
00
+ 00
1Y
s 00
00
«CU
«C0
Y
«00
£ 00
W00
«00
«00
00
«00
200
«00
00
« 30
«00

200
s00
00
000
200
oGO
00
00
00
200
« 00
00
100
«00
200
w00
00

200 .

«00
« 00
oGO
000
eC?
«00
GO
000
00
00
«00
000
+00
200
« 00
«00
200

<900

00
000
GO
o0
«CO
s V0
00
«00
00
200
00
'co
0209
00
«00
«00

s 00

GO
«00
000
00
«CO
2«00
0200

«00
00
200
20
00
000
2 00
00
09
002
00
00
00
«00
«00
«00
«00
«00
«00
«00
2 00 .
«00
00
«CO0
«00
200
«CO
200
00
100
W00
»C0
200
00
«00
«00
«00
«00
02
200
00
.oo
200
W00
W00
2 00
0
« 00
00
200
W00
00
«00
00
00
2 00
«00
00
100
¢ 90



€01

324
325
326
327
328
329
330
331
332
335
334

. 3420,

3520,
3520,
3520,
3920,
3620,
3820,
4020,
4020,
4220,
46204

10,00
10,00
10,00
10400
10.00
10,00
10,00
10,00
10,00
10400
10,00

‘1e27

1.26
1025
1.24
1423
x'zz
121
1,21
120
1019
1418

0100
00100
0100
«0100
0100
0500
20100
«0100
0100
#0100
#0100

«0000

+0000

00000
20000
«0000
«0000
20000
«0000
20000
#0000
«0000

2,0000
2.,0000
2.0000
2.0000
2,0000
2,0000
2,0000
2,0000
2.0000
2,0000
2,0000

00200
«0200
00200
«0200
20200
0200
«0200
20200
20200
00200
0200

«0000
«0000
«0000
«0000
« 0000
« 0000
«0000
+0000
«0000
20000

«,0000

2000,0
2000,0
2000,0

2000,0

2000.0
200040
2000,0
200040
2000,0
2000,0
200040

o1l

ol
11
o1l
il
011
.‘l
o1l
ol
o1l
(1%}

00
00
00
00
200
00
»00
«00
«00
00
®,00

000
$00
«00
00
'00
«00
2 00
«00
00
W 00
e 00

1Y
!’.S
015
15
15
15
*15
«15

15
15

«00
« 00
00
«00
00
V0
«00
00
0
00
00

000
00
«00
W00
«00
00
200
00
00
00
,00

+00
200
«00
200
«00
.00
200
00
200
.00
=00

00
«00
«00
00
200
«00
00
00
200
«00
=s00



70T

MISCELLANEOUS VARIABLES

THE FOLLOWING CONSTITUENTS ARE BEING MOOELED

DISSOLVED OXYGEN
COLIFUKRMS

BOD

Nh3=N MODELED BY
NO2=N  MODELED BY
NOS=N MODELED BY
PO&=p MODLLED BY
§ HEAVY METAL CAND
TOTAL NITROGEN

18T ORDER REACTION
15T ORDER REACTION
lS' ORDER REACTION
ND ORDER REACTION
STS ASSOCIATED ION)

TEMPERATURE CORRECTION CONSTANT FOR COLIFORM REACTION COBFFICIENT &

COEFFICTIENT ON BUD IN COLIFORM .CALCULATION =

TCOEFFICIENT ON MEAyY METAL § IN COLIFORM CALCULATION =
HEavy METAL 1 CONCENTRATION LIMIT (MG/L) IN COLIFORM CALCULATION 2

TEMPERATURE CONRECTION CONSTANT FOR HOOD REACTION CUEFFICIENT =

800 OxYGEN GUOTIINT =

NON=REFHACTORY FHRACTION OF URGANIC MATERIAL =
CARBON 10 PHDSPHUORUS RATIO IN HOD =

NITROGEN TO PHOSPHORUS RATIO IN 80D =

DRy wtIGHT FRACTION OF CARBON IN ROD =
TEMPERATURE COXRECTION CONSTANT pOR NH3 DECAY C
COEFFICIRNT POR ApS vOLITIZaTION =

TEVPERATURE CORKECTIUN CONSTANT pOR Nig VOLITI,
TEMPERATURE CORRECTION CUNSTANT FOR NOQ2 DECAY €
TEMPERATURE (URRECTION CONSTANT $OR NO3Z DECAY C
BOC BENTHAL KELEASE RATE (MG/SUUARE METEH<HR) =z
PNOSPHORUS BENTHAL RELEASE RATE (MG/SOUARE METE
TEMPERATURE CORHECTION CUNSTANT ROk PUy OECAY C
NITRUGGEN PENTHAL KelbASt RATE (MG/SB5UARE MeTiRa
BENTHAL UxyGEN DEMAND (MG/SUUARE METERHK) =
FRACTION OF HEAyY METAL 1 IN ION FURM =

LAKE ELEVATIUN (FEET) =

AVERAGE TEMpERATURE (CENTIGRAOR) =

LAKE LATITUDE (DEGRLES) =

DIFFUSION COLFFICIENT | (10%%=b) =

DIFFUSION CUEFFICIENT 2 (10%*%=-10) =

OtFFICIENT =

ATIUN PROCESS s
OEFFICIENT =
OLFFICIENT =

RaHRY =
OEFFICIENT
HK) =

1.07000
« 00000
200000

20400000

1407000

1450000
«50000

106,00000
16400000
«50000

1,10000
01000
«17000

1430000

1,12000

61.00000
17500

1,08400

»108600

75.,00000
-,00000
1534,00000
12.60500
49,u0000

1,00000

1400000



SOoT

DEEP RESERVOIR MODEL

DRM SIMULATION OF LOMG LAKt==0ONE TURHINE INTAKE=«JUNE THRU NOV 1971
SYSTEMS CONTROL INC

SUMMARY OF OQUTPUT FOR SIMULATION DAY

GENERAL SYSTEM INFORMATION

RESERYOIR ELEVATION
SURFACE tLEMENT
TOTAL SYSTEM INFLUw
TOTAL SYSTEM DUTFLOW
ELEV THERMOCL INE
DOWNSTREAM THHMP
RETENTION TINME

SURFACE HEAT EXCHANGES

NS
GNA
Ow
[+] 3
Qc

SYSTEM OUTFLOWS

NO
!

152
31,414 M
1,41 M
728.3 CMS
719.3 CHS
29,0 M
12,00 DEG C
4,9 DAYS
5,156~02 X(/M2/8
T,4b4m02 KC/M2/S
Bo764=02 KC/M2/S
1,356=02 xC/M2/3
S,004=04 KL/M2/S
ELEM ELEY FLOW
22 21,0 719,25

EXECUTION INTERVAL

SURFACE AIR TEMP
SURFACE WATER TEMP
EVAPORIZATION RATE
cuULM EVAPORIZATION
INFLOW TEMPERATURE

LOWEST MIXED ELEV
QHJECTIVE TEMP

TEMP DEN GRAD

12,00 0,000

-2

11,67

12,22
§4,46=01
0002
12.00
30,0
12400

[ X o]
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DEEP RESERVOIR MODEL

DRM SIMULATION OF LONG LAKE=«ONE TURBINE INTAKEweJUNE THRU ‘NOV {97}

SUMMARY OF OUTPUT FOR SIMULATION DAY

TEMP 0EG C

12,0000
12,0000
120000

12,0000

12,0000
12.0001
12.0001
12,0001
12,0002
1240002
1240003
12,000%
12,0008
12.0011
12.0017
12,002
120037
12,0054
1240075
12.010/
12,0152
12,0215
120502
12.0421
170579
12+078%
12.10484
12413551
12.1681
1241972
12,2190

SYSTEMS CONTRUL INC

TEMP DEG F

53,6000
5546000
55,6000
"H%3,6001
53546001
S5.060014
53,0001
S3.0062
55,6003
S53.6004
53,6006
$3.0009
53,0014
53.6020
53,0050
S4.60486
530067
53,6099
H3.01355
550193
Ss.0274
53,63R7
S53.6544
S3.67517
55./002
S3.74143
S3.,7800
S3.84%3
53,9026
5309550
83,9943

152
HORZ QUT

$.1708
2e5994
4,0281
S.a567
6,88%4
8.,3140
9, 7427
11.1713
12,6000
14,0286
15,4573
16,8849
18,3166
19,7452
2141729
22,600%
24,0292
25,4578
26, 8809
28,315}
29,7448
31.1724
32,6011
54,0097
35,4584
36,8870
38,4107
39,7443
41,1730
42.60:8
62,6694

EXECUTION INTERVAL
HORZ IN

11855
2406322
4,0788
$45255
6,9721
B,u4188
F.8654
11,3121
127587
14,2054
15,6520
17.0987
18,545%
17.9920
23 .4386
2248853
24,3319
25,7786
21427252
28,6719
30,1185
319652
33.0118
24,4585
45.90514
37,3518
38,7984
40,2451
4146917
03,1384
63,4549

2
RATE OF CHG

7.832«10
8,692~10
1.046%09
1e341=99
1,767=09
"244b1=09
3,804w09
4,963~09
Tel¥3=09
1.051=08
1.545-08
2eP8U~08
3,3868=08
S.043a08
T74550=08
10127=07
1.227=07
2.104=07
2.945-07
4,126-07
5,756~07
Te967=07
1+090«Co
1,470~06
1.,940=06
2,888~006
3,055-086
349700
3,501~05
2,486=00
1.157~06

DIFF COEF

04000
2,500401
2,500=01
2,50001
2i500=01
2.500-~01
2¢500=01
2.50001
24900701
2,500~01
2450001
24500-01
2.500~01
2¢500-01
2,500%01
24500+901
2.500~01
2.500-01
2:500-01
24500-01
2,500-01
2450001
21500401
2,500-01
2.500-01
2¢500-01

2,5000%,

24500=01
2+500=01
2.500-01
2450001

VAR

00
000
«00
200
«00
«00
o 0C
01
o 03
o0}
o0}
e 01
o0
«03
01
«01
«01
W01
W01
W 0

003

001
02
02
$02
W02
W02
02
002
02
oCl

HAR

40
v 10
210
10
«10 -
«10
10
el0
10
010
10
o310
10
W10
.10
sl0
o 10
'10
10
19
19
«10
010
10
210
.10
10
e i0
10
030
o 10
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 ELEMENT CONCENTRATIONS FOR DAY 152

ELEMENT 0O © 800

NUMBER (MG/L) (MG/L)
1 6.74 2460
2 7,85 123
3 . 8,04 97
4 8,15 84
H 8419 W 77
1 8,23 72
7 8.2 o b8
8 B.27 Y12
9 8,29 -
10 8,430 62
11 8,31 Y-3}
12 8,32 « 60
13 8,32 059
14 8,33 58
15 8,33 58
16 8,34 57
37 8,34 57
18 8,35 56
19 8,355 56
20 8,35 55
21 8,35 55
22 8,36 55
23 8,36 o5d
24 8,36 254
25 . B43b ¢S54
26 8,36 -1
a1 8,36 oH3
28 T 8,437 53
29 8,37 53
39 8,439 53

31 Fo13
* INDICATES SUM TOTaL OF TH

52

NH3=N
(MG/7L)

«0143
+0106
» 0099
0096
0094
«00935
0092
0091
«0090
«0090
+0090
0089
L0089
2 0UB9
0089
0089
0089
,0088
0084
+008R8
«00HB
0088
20088
0088
0088
«N06Y
+O0UBY
20088
20088
«0088
<0083

£ NITROGEN

NO2=N NO3=N
(MG/L) (MG/L)
20003 L2770
w0008 L2770
50003 L2770
«0003 L2770
«0003 L2770
00003 L2770
20008 L2770
20003 2770
20003 L2770
20003 427170
+0003 L2770
«0003 ,2770
s0003 L2770
«0003 L2770
#0005 2770
w0003 L2770
«0003 L2770
« 0005 L2770
e 0008 L2770
L0003 L2770
«0003 L2770
$0003  L276%
00003 ,2762
« 0003 L2758
« 0003 ,2751¢
0003 L2740
0008 L2722
0003 L2094
«0003 L2647
«0003 L2576
.0003 ,240%

IN CONSTITUENTS BEING

PO4-P
{(MG/L?

«0128
0089
0083
0080
$ 0079
«00/8
0077
«0076
0076
«00/6
«0075
#0075
0075
20075
4 00/5
s0074
0074
20074
0074
20074
20074
0074
20074
0078
« 0074
0074
«0074
«0074
«0074
0074

EXECUTION INTERVAL
PHYTO CCLIFORNS
(MG/L) (MPNZ30O)

20000 754,2
20000 754.2
»0000 T54,2
« 0000 754,2
¢ 0000 - 754,2
0000 754.2
0000 754,2
«0000 754,2
20000 754,42
«0000 754,2
40000 754,2
#0000 754.,2
«0000 75442
$0000 75,2
40000 754,2
$ 0000 75442
00000 754,2
$0000 754.2
0000 754,2
#0000 754,2
20000 754,2
«0000 754,2
20000 754,2
$0000 75442
»0000 754,2
$ 0000 154,14
0000 754.1
+0000 754,0
20000 754,0
«0000 75349
0000 752.9

20073

.
MODELED EXCEEDS THE

2
HMY HM2 HM3 TOT N CHLOR
CMG/LY (MG/LY (MG/L) (MG/L) (MG/L)
2053 «000 «000 «014%  ,000
«053 +000 »000 2+ 014% L0000
20053 » 000 2000 014,000
0052 2000 000 014x 4,000
052 2000 2000 +014F%  L000
052 000 4000 O1dr  L000
0052 2000 000 «018%  ,000
052 V00 2000 sUidy  L,000
« 052 0000 «000 W31U¥% L0000
0052 2000 «000 . J014%  ,L000
052 + 000 «000 +014% <000
052 «000 +000 «014%  ,000
#0552 0000 0000 W214% L0000
052 «000 +000 «G1G%  ,000
1052 s 000 000 Q14% ,000
«052 2000 «300 s 014¥ 4000
2052 «000 2 0G0 205U L0000
0052 2000 000 034% 4000
o052 «000 000 W014%  L,000
2052 s 000 # 000 014%  ,000
052 2000 «000 ~o014% L4000
w052 2000 000 «014% L0000
2052 2000 000 «D14% L0000
0052 «000 «000 «014% 4000
052 000 + 000 «14% L0000
s052 W00 000 W1UE 4000
0092 000 000 01U ,000
2052 a000 2000 «0las ,000
1052 GO0 «000 s014% (000
054 +000 «000 2014%  L000

HMIY HMIZ2 HHT3

(MG/L) (MG/L) (MG/L)
«000 +000 2000
0000 «000 +000
000 s 000 2000
2000 «000 4000
«000 «000 «00C
«000 000 000
+000 «000 «0C0
2000 000 2000
«G00 000 «000 -
2000 0 000. 4000
«000 000 «000
2000 000 « 000
+000 «000 «000
0000 «000 o000
+000 0000 «000
+000 000 «000
«000 000 2000
+000 000 Q00
000 +000 000
T 9000 £000 2000
«000 W 000 +G00
«000 000 0000
000 000 «0C0
0000 «0C0 1000
2000 «000 «000
2000 «000 «000
000 «000 0000
$ 000 1+ 000 «000
s 000 000 «000
2000 1000 2000

090

048 s 000 2000 s01d4% 000 000 0000
TOTAL NITROGEN BEING MODELED AS A CONSERVATIVE,

0000
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TLMPERATURE VERSUS DEPTH FOR JULIAN DAY 152
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DEEP RESERVOIR MOLEL

DRM SIMULATION OF {ONG LAKE»=ONE TURBINE INTAKE==JUNE THMRU NOV 197}
SYSTEMS CORTROL INC

SUMMARY OF QUTPUT FOR SIMULATION DAY

GENERAL SYSTEM INFORMATION

RESERYOIR ELEVATION

SURFACE ELEMENT

"TOTAL SYSTEM INFLOW

TOTAL SYSTEM UUTHLOW

* . ELEV THERMOCLINE
. : DOWNSTREAK Ttup
RETENTION TIME

SURFACE HEAT EXCHANGES

UNg
GNA
an
Qe
GC

SYSTEM OUTFLOWS
NO
t

ELEM
22

122.3 CHMS
141,9 CcMS
25.0 M
17,41 DEG C
2349 DAYS

Te311=02 XC/M2/8
Be9B9=02 KL/M2/S
9.730=02 KL/M2/S
3,051=02 KL/M2/5
6474703 KC/M2/S

ELEV FLOW
21,0 141,87

200

EXECUTION INTERVAL

SURFACE AIR TEMP
SURFACE WATER TEMP
EyAPQORIZATION RATE
CULM EVAPORIZATION
INFLOW TEMPERATURE

LOWEST MIXED ELEV
QBJECTIVE TEMP

TEMP
1704}

DEN GRAD
5.254002

2

26066 DEG C

20,71
9,87-01
«206
18.31
29.0
18451

DEG
CMS

M
DEG
M
DEG

c
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DEEP RESERVOIR MODEL

ORM SIMULATION OF LONG LAKE==0ONt TURBINE INTAKE==JUNE THRU NOV {97}

SUMMARY OF OUTPUT FOR SIMULATION DAY

TEMP DEG C

15.824%7
158267
15,8288
15,8506
15.8537
15,8874
15,6419
1h.8aly
1548552
15.8661
1h.8813
159025
15.9310
15,9701
16,0233
16,0958
16,1914
4643176
1heu78%
16,6748
16,9070
11774
17,u88s
"y 17.8a56
’ 18.2002
18+7001
19«%0387
19,8405
20.3111
207107

SYSTEMS CONTROL INC

TEMP DEG F

60,4462
60.URHY
60.U910
6044952
6045006
6045073
6045154
605254
6045593
60455869
605808
60.6242
6046759
607463
60,8420
60,9715
61,1446
613717
b1+6609
62.0147
62.4426
629194
63.4794
64,1228
hyaB192
657682
boeTubT
67.7129
6845600
6942794

200
HORZ out

« 0000
20000
«000¢
0000
+000C
«0C00

£ 000C
«000C

£ 000C
0600
0000
#0600
20000
«0000
«000C
«0000
Q.0uL7
10.5328
11,1259
11.7149
12,4060
12.097)
13,0882
14,0798
14,6708
152014
1heb52%
« 0000
20000

« 0000

EXECUTION INTERVAL
HORZ IN

00000
«0000
20000
20000
«0000
«0000
00090
«0000
#0000
0000
«0000
0000
«0000
«0000
«0000
20000
#0000
+0000
#0000
« 0000
«0000
»0000
1241675
12,7007
13.2339
13,767%
14,5003
14,8335
15.3667
2549597

2
RATE OF CHG

3,546=07
3,558=07
3,494%07
34591=07
3,533=07
3.949-07
34971=07
3.6092-07
3,511-07
3.557=07
3,624m07
3.771=07
3,910=07
Uai98=07

4,566=07

9.286=07
6,406%07
B,086-07
1e0ul=pp
1.341-06
1.82¢=006
24010206
3.,122=06
3,662=06
4,177=05
4.706=06
S.2b%=0b
S:919=06
6,959=006
7 ¢398<06

DIFF COEF

0000
2.500=01
24500~01
2+500=08%
25500<01
2.500«01
24500=01
2+500~01
1o95¢m01
14503=01¢
1,219«01
Fel6Ue02
Te857w02
b64325=02
5,103=02
4e132=02
3.871=02
2eTHSe02
2132902
1¢9%6-02
177102
10016202
1e462=02
1.288=92
1107=02
9,946=03

84603%03 -

8,448=03
9446503
1149002

VAR

2 00
00
«00
00
00
00
«00
« 00
« 00
00
200
G0
00
00
W00
200
04
«C3
12
19
.19
«22
22
21
e21
«20
20
Il"
.15
07

HAR

W00
00
«00
00
00
«00
«C0
«00
« 00
« 00
200
00
0 00
«00
200
00
04
208
204
04
04
004
204
« 08
« 04
04
04
$ 04
004
104



TTT

(ELEMENT CUNCENTRATIONS FOR DAY 200

ELEMENT 0o Boo NH3=N
NUMBER (MG/L) (MG/L) (mG/L)
1 00 119,45 ,2276
2 200 89,79 L2228
3. 200 25486  ,218%
q 000 15,465 L2091
H « 00 9912 L1814
6 o 00 4.97 L1470
7 + 00 2¢21 L1182
8 89 1e14 0868
9 2,02 1400 L0021
10 3.29% +BB L0545
11 4,02 79 L0495
12 4,75 o72 L0451
13 5,30 b6 L0810
14 5,83 W60 (NSBS
15 bS5 55 L0452
16 6,94 50 L0514
17 To43 Wb 40277
18 7471 sU4 L0258
19 T.83 043 L0251
20 T.%0 4l L0246
21 796 el46 L0243
22 8,018 a5 L0236
23 8,006 Wil L0234
24 8,09 W66 L0230
25 8,11 W45 40227
26 Be13 s L0023
27 8,16 2 40215
28 . ) 8,21 o411 L0204
29. 8,28 W40 L0177
30 8,40 037 L0109
* INDICATES SUM TOTAL OF THE NITROGEN

NO2=N NOS=N

(MG/)

«0099
« 0135
«U151%
«0159
+0181
20207
0200
#0181
«01h5
s0§U5
01382
s012¢
«0118
eblcuU
w0090
«00b6
0076
«0073
0073
20075
0078
00077
«COHO
W079
0Nn78
0077
0075
0072
«0067
#0059

IN CUNSTITUENTS BEING

(MG/L)

9587
9616
RINS]
29704
«9818
1.0029
1,029
1.0463
1.0588
140671
10673
1.,0719
1.0770
1.0738
140770
0502
9495
29178
09255
9329
093538
8948
<8690
8144
7522
NIRRT
5530
3978
y229e
20106

EXECUTION INTERVaAL

PO4=P
(MG/L)

0041l
«06381
0637
V0637
20603
w0573
00559
s 0505
0463
027
s0H80U
0383
03067
00351
0387
0320
« 0306
«0501
«030?
00305
» 0309
0310
00313
«0313
«0313
00313
e0312
00312
W 0311
00309

PHYTOD
(MG /L)

«0000
« 0009
«0000
20000
20000
0000
«0000
+0000
«0000
« 0000
«0N000
+0000
«0000
0000
«0000
«0000
20000
«0000
20000
«0000
20000
00000
« 0000
20000
0000
«0000
#0000
#0000
0000
» 0000

HOOLLED EXCEEDS THE

COLIFORMS
(MPN/100)

82,7
82,7
68246
688,9
695,4
703,8
71340
72245
73244
780,3
79642
826,86
83244
838,1
86747
879,8
91940
988,5
1068,9
1190,2
1262,6
1283,8
1368,3
1360.4
1358,8
1345,9
1531.4
152140
1315,6
1511,.8

2
HM1 HM2 HM3
W 206 2000 000
206 2000 000
o194 «000 000
2188 +000 «000
o 185 2000 +000
183 «000 2000
181 000 s 000
+180 »000 2000
179 0000 000
178 «000 «000
o117 « 000 « 000
o177 «000 2000
o176 0000 «000
0175 «000 »000
o173 «000 «000
e 169 000 «000
2106 «000 s000
o164 +000 »000
s163 2000 «000
« 1672 «000 000
160 000 2000
0159 «000 2000
0157 «000 «000
2156 000 s000
«156 «000  ,000
156 +000 0000
el1b$ «000 000
» 149 «000 2000
o141 000 «000

010

TOT N CHLOR
(HG/L) (MG/L) (MG/L) (MG/LY (ML/L)

1 0306%
v036%
+ 036"
0368
«036%
037
2 037%
«037%
+038%
0UYE
W 040%
s 0ULE
WU
Qul
«042%
T ELS
Olux
«0USH
047
QUBS
QU9
WOUys
2 050%
0508
e 050%
«0S0%
10508
+0S0*
W0SU*
05

5 «000 « 000 20590
TOTAL NITROGEN BEING MODEL

ED

«000
2000
2000
«000
1000
»000
«000
0000
«000
«000
«000
000
«000
<000
«000
«000
2000
000
000
«000
«000
«000
«000
« 000
2000
000
2000
000
2000
«000

HMI2

HMIY HMI3
(MG/L) (MG/LY (RG/L)
000 «000 0000
«000 0000 000
000 «000 009
2000 «000 000
«000 0000 «000
2000 2 0C0 «000
«000 000 0000
«000 000 »000
+000 +000 «000
000 «000-  L000
2000 «0C0 2000
0000 «C00 000
20C0 000 0060
0000 2008 «000
~ «000 «000 « 000
«000 ¢« 000 0000
2000 000 2000
«000 000 0000
000 «G00 2000
+000 0060 «000
W 000 000 0000
+0C0 2000 2000
» 000 060 0000
«000 000 « 000
+000 «000 000
« 000 «00¢C « 000
#000 000 +000
s 000 2000 0000
w000 «000 «0C0

v} e 000 2 000
AS A CCONSERVATIVE,

#2000
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DEEP RESERVOIR MOVEL

DRM SIMULATION OF LONG LAKE==ONE TURBINE INTAKE==JUNE THRU NOV 1971
SYSTEMS CONTRUQ INC

SUMMARY OF QUTPUT FOR SIMULATION DAY

GENERAYL SYSTEM INFORMATION

RESERVOIR ELEVATION
SURFACE ELEMENT

TOTAL SYSTEM INFLOw,

TOTAL SYSTEM QUTFLOw
ELEV THERMOCLIME
DOWNSTREAM TEeMP
RETENTION TIwmE

SURFACE MEAT EXCHANGES

WUNS
uNa
Gw
OE
QC

SYSTEM DUTFLOWS

NO
H

ELEM
22

3114 M
1,14 M
6845 CMS
544 CMS
14,0 M

19,50 LG
S1.1 DAY

5,3%6=02
B,6069=02
9,701=02
2.872=02
4,373=03

ELE
- 21,

C
S

KC/M2/8
KC/M2/8
KC/m2/s
KC/M2/8
KC/me/s

v

4 54,37

EXECUTION INTERYVAL

SURFACE AIR TEMP

- SURFACE WATER TEMP

EVAPORIZATION RATE
CULM EVAPORIZATION
INFLOW TEMPERATURE
LOWEST MIXED ELEY

OBJECTIVE TEMP

TEMP DEN GRAD
39+90 2,210e02

2

24,48
20417
Q445701
s U8S
19,43
30,0
19,43

DEG C
DEG C
CMS
DEG C
M

DEG €
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OEEP RESERVOIR MODEL

DRM SIMULATIUN OF LONG LAKE=~ONE TURBINE INTAKE==JUNEL THRU NOV 1974

SUMMARY UF OUTPUT FOUR SIMULATION DAY

TEMP DEG €

17.6822
{TabB40
17,6868

1746917

17.7007
177165
1747420
17.7801%
17,8537
179055
1799735
1841096
18,2413
18,3692
18.5u84
1R, 7144
18,8760
1902385
3191542
19.271%
1948779
19.4800
19.584%8
19.0947
19,4148
199400
20,0508
20.1427
20.1032
2041859
20,1687

SYSTEMS CONTROL INC

-TEMP DEG ¥

63.8279
63,8312
63,564863
T 63,8440
b5.8612
63 RRYT
b5.95%6
64.0041
64,1007
b4.2300
LY TELEY]
645973
64,8443
6541006
65,5878
65.6857
65,9768
b6be2U23
bbel7 16
b6.6880
bb.8802
67.0639
67.2508
67.450%
676667
67.8920
68,1022
6842569
6843298
683345
68,5036

240
HORZ OUT

«00C0
«00CO
200C0
«00C0
«0000
«0000
«00C0
0000
« 0060
-e00C0
»0000
«0000
«»00C0
0000
0000
20000
«0000
44,9335
S.2104
S,ub872
Se7644
6.0410
b.3178
645907
6.4715
To1u84
20000
0000
«0000
¢ 0000
20000

EXECUTION INTERVAL
HORZ IN

+0000
0000
20000
+0000
20060
0200
0000
20000
» 0000
«0000
0000
«0000
« 0000
20000
20000
«0000
4,8002
5.0877
$,3732
S.6587
Se94u2
6,2297
6,5153
6,808
7.0863
7.37418
Te6573
20000
20000
00000
«0000

2
RATE OF CHG

6,271~07
b,196~07
64192~07
6,0(8~07
S.8066=07
$.698~07
Se.uble07

5,261=07

4,991~07
4,672-07

ur3‘7'07'

3.800~07
3,4812«07
2469707
2.522=07
2:337%07
2,715~07
2o156€=07
44907-07
1,977=07
2,007=07
3,260-07
4,1b8=07
S.823=07
84330=67
1e2cb=0b
1.832=06
2,208=06
2,580=06
2.878=08
14929=06

DIFF CQEF

0000
2¢500-01
2450001
2450001
1.573=0%
13056=01
Tabbu=02
S,686=02
Yeldble=e
34619=02
.3,050=02
2+613=02
2e321=02
2412592
2.005«62
1+951=02
1.973=02
2eCAT=32
2e2b65=02
2e474=02
2+b05=02
24170=02
24760=02
2ablb=02
Ce50)=ve
2aN52-02
2e650=02
3,519=02
647006m02
24500=0§
24500w01

VAR

200
000
200
000
2«00
200
+00
'oo
000
«00
»00
000
2 00
500
«00
oGO0
202
02
02
02
02
02
02
W02
02
o2
04
o 08
03
«03
03

HAR

+00
«00
0 00
00
00
»00
00
000

400

«00
200
00
«00
« 00
+CO
«GO
02
02
.02
W 02
02
02
2
.02
02
oc2
02
«00
00
«00
«00
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" ELEMENT CONCENTRATIONS FOR DAY 240

ELEMENT pe 80O
NUMBER (MG/L) (MG/L)
) «00 268,74
2 00 103,39
3 «00 64,58
4 «00 44,61
S «00 32443
[ e00 24456
7 00 18,91
8 00 144062
9 00 11,28
10 200 Ba45
11 200 6,318
12 000 4,40
13 «00 2497
1 00 febD
15 025 65
16 152 a7
17 2049 W54
18 3.564 54
19 4a91 52
144 Seb6 o5l
21 9476 W52
2e LTY-1 56
23 5.90 1
24 - 5,92 55
.25 5,94 59
26 9495 -3
er 5,97 52
28 . 5.9% X'y}
29 6a13 22
30 6,72 el g
8432 «38

NH3=N
(MG/L)

222179
2029
2189
02097
1825
1487
v1200
1092
1024
« 0980
20930
«00691
085
Q821
06806
20484
«0367
«0334
20298
0278
$0r75
0277
20270
W 0274
02172
0778
0209
20264
0257
#0230
0122

® INDICATES SUM TDTAL OF TRE NITROGEN

NO2~
(MG/L)

« 0099
«0135
0151
00159
«0181
«0206
G20
«O1HL
Wibb
0153
s0142
0131
0120
«0110
L U09H
00YH
0104
«D097
Q086
(G40
20078
0079
U079
« 0079
«00/9
0019
20079
0076
«00/4
20068
0053

IN CONSTITUENTS UFING

N NO3=N
" MG/L)

956412
9670
29695
9757
9869
1.0078
1.03%8
1.05086
1.0648
1.0878
1,0999
1.1203
1.1301
1.1453
1.1569
11484
1a134]
«9951
WIbl6
170
a6200
Wbusy
N-Trd)
6296
6087
D762
3265
L4049
2886
21220
<0022

EXECUTION -INTERVAL

PO&4=P PHYTO CCLIFORMS
(MG/L) (MPN/L10O)

(M6/L)

LT
«0631
06356
0636
20603
«0573
e 0559
0554
00552
«0555
00555
«0555
0555
w0556
¢ 0534
20669
20430
c0U17
0409
0404
» 0402
» 0395
+0394
20393
s 0393
+0392
o 0372
20399
» 0398
00398
»0396

«0000
0000
w0000
UCOOO‘
20000
20000
«0000
« 00090
«0000
«0000
0« 000D
+N003
0000
«0000
200609
«0000
«0000
+0009
+ 0009
« 0000
«0u00
«0000
0009
.+0000
e 000
« 0000
v 0003
0000
20000
00006
w0000

NODELED EXCEEDS THE

56,9
56,9
56,8
5741
57.4
577
58,0
58,2
SH.4
60,4
60,3
86,7
87.2
11745
11649
35747
631,2
756,86

80143

825.3
as0,1
945,53
958,86
958,0
956, 4
954,54
95046
8404%
839,17
836.2
83746

2

HMy HM2 HM3  TOT N CHLOR

(MG/L) (MG/L) (MG/LY (MG/L) (MG/L)
267 000 « 000 «037%  L000
213 0000 000 $037%  L000
0198 «00¢ 2000 «037%  L,000
190 «000 +000 2037%  ,000
2186 $000 000 W837F ,000
183 2000 «000 037% L0800
181 000 $000 W038%  ,000
179 2000 W 000 038%  L000
478 «000 L 000 US8% 000
176 0000 «000 10UOF 4000
173 #000 2000 «060%  ,000
«170 2000 V030 sUU2%  ,000
168 000 000 J042% ,000
160 000 £ 000 JUa3F ,000
0150 «000 000 JJEs% L0300
s 136 2000 «000 £051%  ,000
o126 000 «000 W058%  L000
113 2000 «000 2068 ,000
$103 000 «000 S068% 4,000
099 000,000 «Q70% 4000
W 098 2000 2000 670% 4000
2 099 000 4000 2 072% 4000
+099 4000 «000 072%  ,000
4099 oo 2000 072%  L,000
099 «000 £000 «072%  L0U0
2099 000 000 G72% ,000
o059 g0 « 000 0727 4000
4097 +000 000 sU71F 4000
2094 4000 «000 «070% 4,000
2087 $000 0000 $070% 4000
«06 00 2070 +000

4 «000 +000
TOTAL NITROGEN BEIN

G MURELED AS A

HMT] kMIZ HMI3
(MG/7L) (MG/L) (MG/V)
«000 000 «000
«000 000 2000
«C00 030 0000
W 0C0 «000 ¢000
2000 WCUO 26CO
2000 2000 2009
2000 000 2000
00 000 00
«000 « 000 0000
2000 2000 +000
»000 #000 2000
000 « 000 «000
«000 «000 «000
000 2000 000
“sCCO 000 « 060
2000 000 o COO
«000 000 1020
2000 000 +000
000 «0030 000
»030 «000 ¢ 030
000 «000 «000
«000 0G0 « 00V
« 000 «000 «000
000 2000 000
2000 #0020 2000
o000 2000 000
000 2002 0000
v000 e 200 20030
000 0G0 «000
2000 +000 +000
000

«000 «0CO
CUNSERVATIVE,
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TEMPERATURE VERSUS DEPTM FOR JULIAN DAY 240
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DEEP RESERVQIR MODEL

DRM SIMULATION UF LONG LAXKE==ONE TURBINE INTAKE==JUNE THRU NOV 1971
SYSTEMS CUNTROL INC

SUMMARY OF OUTPUT FOR SIMULATION DAY

GENERAL SYSTEM INFORMATION

RESERVOIR ELEVATION
BURFACE ELEMENT

TOTAL SYSTEM INFLOwW -

TOTAL SYSTEM OQUTFLOW
ELEV THLRMOCLINE
DOWNSTHE AN TEMP
RETENTION TIHE

SURFACE HEAT EXCHANGES

UNS
GNA
Ow
Qb
ec

SYSTEM OUTFLOWS

NO
1

31,48 H
1,48 M
119.5 CMS
1350.5 CMS
3040 M
4,85 LG C
27.4 DAYS

4,953=038 KC/M2/8
b,045=02 KC/H2/S
T4925=02 KL/M2/S
468103 KC/M2/S
3,/46=Q3 XC/M2/8

ELEM ELEV FLOW
22 21,0 130,58

333

EXECUTION INTERVAL

SURFACE AIR TEMP

“SURFACE WATER TEMP

EVAPORIZATION RATE
CULM EVAPORIZATION
INFLOW TEMPERATURE
LUWEST MIXED ELEV

UBJECTIVE TEmP

TEMP DEN GRAD
4485 ~1,119=04

2

156
483
1,53-01
1842
Te2l

T2l

0EG
DG
CMS
DEG

DEG



8TT

z
(<]

CENG VBN~

ELEVATION

10,0
11,0
12.0
$13.0
14,0
15,0
16,0
17,0
18,0
19,0
2040
2140
2240
23,90
24.0
2%e0
2640
2le0
2840
29,0
3040

DEEP RESERVOIR MODEL

DRM SIMULATIUN OF LONG LAKE=«ONE TURBIMNE INTAKEe=JUNE THRU NOV 1971

SYSTEMS CUNTROL INC

SUMMARY OF OUTPUT FOR SIMULATION DAY 333

TEMP VEG C

482958
4,8293
4,829%

4,8293.

4.82938
4.8293
U BP9
4 B29%
Us8293
4,8293%
4,8295%
4.8293
L.8293%
482938
4. 82958
4,8293%
8.8293
4.8293
4e82958
4e8293%
488293
4.829%
q.8275%
4,8293
8aB294
4.8293
G.B8293
4.8293
4,8293
4,8298
4,8293%

TEMP DG F

4046928
40,6928
. 80,6928
4p.6928
40e6928
40.6928
GBUeb928
40.6928
Y028
406978
406928
80,6928
Ly.o9c8
4peb928
406928
4046928
40.6928
40,6928
Q6978
40,0928
400928
40.6928
Up.6928
40,6978
dpeb928
Upe 6928
40,6928
4p.6928
4oe09¢28
4p.6928
4oeb9¢8

HORZ QUT

»2115
» 7278
L6
1.2041
1.5023
17604

. 2,0185

.

22787
245248
227530
3,311
3,309
345674
3.825%
4,0837
94,3418
4e5600
4,8981
S5.1165
Se3/44
5¢6325
S,5907
b6,1088
6.4070
bebbS]
649232

Te1814

744395
Teb977
1149030

EXECUTION INTERVAL
HORZ IN

1937

8300

26668

e %026
11389
143752
1.6115
1.8478
240841
2.3204
245567
2:7940
3,0293
$+2656
3.5019
3.7882
3,974%
4,2108
4,847
4,6834
4,9197
5a1960
543923
56286
S.8649
6,1012
6,5375
645739
65,8102
7404865
10,8960

2
RATE OF CHG

8,528=07
8,523-07
8,4511=07
8,487=07
. 8,u57=07
6,417=07
B8,365=07
8,299=07
8,215=07
8410907
7.978=07
7,8135-07
T.609=07
74355=07
7.039-07
6,661=-07
be185~07
S4523-07
4,758-07
$,7d2=07
2.478=07
8,30/-08
=1,090=07
=3,512=07
wb,H6b=07
wi,033-0b
=1.680=06
=2,522=06
»3,606=06
w3 fd3a06
m8,15u~07

DIFF COEF

04000

2¢500-08
2450001
2,500~01
24500=01
2.500=01¢
2.500-08
2¢500-01
2450001
2.,500=01
2,500=-01%
2+503-01¢
24500=01
2+500-01
2450001
2:500=01
2¢500~u1
2,50C=01
2+500=01
2+4590~014
2,520=01
2.500-01
2450001
24500=01
2.590-01
2450001

2,500=0¢

24500~01
24500=01
2490001
2450001

VAR

00
«00
+00
00
.oo
01
«01
.01
01
001
0!
» 01
«01
01
201
o0
«01

«01

s 02
«C2
WG
002
02
02
W2
02
02
202
02
02
02

HAR

002
02
02
02
02
02
«02
8

02
W02
02
W 02
02
02
002
02
02
202
02

02

02
02
002
o2
W02
02
loa
202
02
02
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“ ELEMENT CONCENTRATIONS FOR DAY

ELEMENT - 00 BOD
NUMBER (MG/L) CHB/L)
1 8,18 2.14
2 8,92 1,37
3 8,59 1e22
] 8,62 1445
5 8463 1ot
[ 8,64 1209
? 8465 1607
8 8,66 1409
9 Bebb 1404
10 8467 1403
1t 8,67 1+03
12 8,67 1002
13 8,68 1.02
14 8,64 1001
15 8,68 1401
16 8,68 1401
17 8,68 1000
18 8,68 1,00
19 ' 8,68 1000
20 4,68 100
21 8,69 100
22 8,69 +99
23 8,69 «99
24 . B,69 59
25 6,59 .99
26 8,69 W99
27 8,69 99
28 T 8,69 99
29 8,69 W99
390 8,69 099
9,26 97

* INDICATES SUM TOTAL OF THWE NITROLEN IN CONSTITUENTS BEING

NHS=N
(MG/L)

20874
0860
0458
0857
W0U56
0455
20455
o 0ahY
s 0USS
»04H0
s 0UbHY
QUS4
W0LNG
20454
-
sQuHY
20454
$0uSY
W 0u5Y
0054
L0uh4
«0USY
«0u54
0854
L0L54
. 0054
204U
L 045G
L0494
0854
L0049

333

NQ2=N NO3=N

(MG/L)

0091
«0091
« 0091
+ 0091t
«0091
«009}
« 0091
U091
W 0NY1
«U09)
+ 0091
« 0091
1091
«09Y
«0091
s 009¢
+ 0091
s 6091
0091
«0091
«0071
20091
« 009}
0091
2009}
20091
e 009]
W U0YY
10091
v 0091
« 0091

(MG/L)

1.2715
12715
1,2715
1.2715
1,2715
1.2715
12715
1.2715
17714
18715
1+2715
1,271%
1.2/1%
142715
1.2745
1.2/1%
1.2715
1.2715
12715
§.2715
1.271%
1,2709
1.2706
127014
1.7692
1?7079
fe2bhH
{eP0PS
1.2512
{2488
142289

EXECUTION INTERVAL

POU=P

(MG/L)

0429
LB ]
0410
0409
20408
V608
0807
0407
0407
0007
«0407
0406
04806
0406
«0U06
«0U0s
»040b
20406
«0l0b
s 0406
U406
0106
0406
0406
e 0406
20406
0806
0406
«0U06
« 0406
fUE0Y

PHYTO
(MG/1L)

+0000
20000
«0000

0 0000 |

0000
+0000
« 0000
+ 0009
0000
+0000
000060
«0000
s0000
«000V
o0y
10000
+ 0009
0009
#0000
20000
« 0000
00000
« 0000
«0000
«NONY
«0009
+ 0000

+ 0000

20007
20000
0600

COLIFONMS
(MPN/100)

830,7
830,7
830,7
830,7
830.7
830,7
430,7
850.7
830,7
830,47
830,7
830.7
830,7
§30,7
B30,7
830,7
830,7
830,7
830,7
8350.7
830.7
8350,7
830,7
830,7
630.7
830,7
B30.7
830,7
830,7
83047
8311

2

KM HM2 HM~3 TOT N ChLOR

(MG/L) (MG/LY (MG/L) (MG/L)Y (MG/L)
2094 000 000 e140%  L000
2093 2000 4000 «103%  ,000
« 093 »000 000 «140%  ,000
2093 000 000 $140*  L,000
093 »000 «000 «140% L0000
£093 2000 2000 $340%  L,000
2093 «000 000 JlUU% L0000
0093 000 000 v140%  L000
s 093 2000 000 v140%  ,000
093 2000 «000 «140% (000
0093 «000 000 14U L0000
« 093 2000 $ 000 «140%  L,000
093 2000 000 «lJU40%  L000
098 2000 000 W140%  L000
0093 » 000 000 «140% 4,000
0093 «000 2000 «140* L0C0
2093 000 +000 e 140* 4,000
« 023 2000 £ 000 f140% L0000
093 +000 $ 000 e180*  L000
« 093 1000 2000 o180  ,000
«093 0000 «000 «180% 4000
2093 000 2000 140+ L000
0095 «000 0G0 «100%  ,000
0093 2000 «000 «160%  ,000
«093 000 «000 «J40% L0000
093 2 000 2000 «140¥%  L000
2093 000 000 «140% 4000
0093 000 2000 «180%  ,000
+ 093 0000 000 Jl4F 0,000
2095 3000 000 W14Cx 000
0838 00 000 «l00¥%  ,000

HMIY wMl2 HMI3
(HG/LY (MG/L)Y (MG/L)
« 000 000 000
000 «000 2000
2000 « 000 000
« 000 «000 000
«000 «000 - 4000
000 «000 . ,000
000 «000 «000
+000 000 000
«000 2000 +000
2000 «000 «000
000 £ 000 « 000
«000 «000 «000
2000 +000 «000
_s000 «000 v000
«000 000 000
«000 » 000 2000
+000 2000 «000
: 000 2000 000
«CN0 000 +000
2000 «030 +000
2000 000 2000
« 000 2000 «000
« 000 2000 000
0000 «000 2000
«00C «000 «000
«000 +000 « 000
«000 » 000 2000
«000 «C00 2000
v0090 000 $000
«200 «000 000
000 2000 000

MODELED ExCEEDS THE rOTAL hITRoctN BEING MODELED AS A LUhSthATIVE.
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DAy
152
159
166
173
180
187
194
201
208
215
222
229
236
24l
250
est
264
271

278

2b5
292
299
306
313
320
327

334

TEMP
12,00
1277
13,65
15.95
16.07
16400
16,20
17 .67
19.21
20.14
2049
19.94
19,24
19459
17.87
17.13
15.80
1,77
14,02
13475
11.52
9,81
766
be25
S.90
Ses6
4,80

DAY
153
160
167
174
181
188
195
202
209
e2le
228
230
237
244
251
258
26s
T
279
286
293
300
3n7
314
321
328

TEMP

12,07
12,87
13,87
16,33
16,19
19.78
16,56
17,80
19.40
20,73
20490
19,.R6
19.29
19,14
17.81

T 16495

19.78
14,53
14,08
13,51
1110
9440
Teu?
6,22
5,82
5425

OUTFLOW TEMPERATURES (CENTIGRADE)

DAY
154
164
168
175
182
189
196
203
210
217
2e4
231
238
245
esbe
259
266
273
260
287
294
301
308
315
32
329

TEMP
12,00
135,03
14448
16,31
16,32
1991
10456
18,059
19,56
204380
P05
19,848
19,47
18,61
17,78
16,72
15,73
14,31
14410
15,09
10.94
9.02
121
6e21
Se70
Sey?

DAY
195
162
169
176
183
190
1917
204
211
218
225
242
239
246
253
260
267
274
281
288
295
302
309
316
323
330

TEMP

12,07
13,05
14,42
16,138
16,53
16404
16,77
18,38
19,69
20435
20,49
19,87
19,44
18,22
17,76

Llb.4u

17,459
14,16
14,08
12.79
10,78
8475
6485
6419
5.59

5,06

Day
156
163
170
177
134
191
178
20%
212
219
226
233
210
247
2hu
2n1
268
215
ehe
209
294
Ins
310
337
324
35

TEMP
12.22
13.28
14.69
164352
1639
16406
17.03
18.57
19.81
2038
20s42
19.74
19.50
18017
17467
1631
15437
144006
14,08
1236
1004
8,48
Gebl
6013
556
8097

DAY
157
164
171
178
185
192
199
206
213
220
227
254
241
248
255
262
269
276
283
290
29/
304
311
318
325
332

TEMP

12449
13,49
15406
16438
16445
15.96
1716
18479

19,93

20.484
20430
19.59
19,53
18414
17,44
16,23
15720
13497
14,02
12404
10,45

8,24

b,46

6405

555

4e91

Day
158
165
112
179
186
193
200
207
214
22l
228
2355
242
249
256
263
270
217
284
291
298
305
312
319
326
333

TENP
12.73
13.5%
19,42
15,22
164306
16,03
17,44
19.01
20,08
2U.4S
20.16
19.21
19,586
18,07
17.26
16,06
15,04
15494
13494
11,78
10448
794
be32
5497
Se50
4e85
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DAY
NUMBER

152
153
154
18%
156
157
158
159
160
164
162
163
164
jbY
160
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
142
185
184
18%
186
187
168
189
190
191
192
193
194
199
196
197
198
199
200
201
202
203

FLOW Lo 8oL

(CFS) (MG/L) (MG/L)
T1%7.2% 8,41 57
710476 8,97 «51
70192 9,39 o 47
696,60 9,71 el
6964060 9,96 XT4
679461 1015 W40
637,13 10431 «37
641447 10,42 87
60478 10+50 236
622497 10,57 2 36
588,99 10,614 57
569,17 10464 36
S6he3d 10467 235
55%5.01 10,60 «3h
Subeb9 10.64 256
555,01 10060 37
532,36 10,58 o 57
521203 10454 +38
509471 1058 37
410,06 10,47 %3
61457 10,40 «38
doue s 10,34 37
10400 10,27 037
419,09 10.19 v 38
390,77 10,09 039
30/e94 9,98 40
390477 9,488 el
I6hel2 9,74 w43
353,96 9,586 W46
3u2.bu Y455 sy
294,50 9,52 043
17754 Q,4n aly
151.78 9.40 ol
133,75 9,50 sl
154,33 .19 240
160.84 9,18 37
161,41 8,u9 +50
161,41 8,81 YK}
159,14 4,79 R
talehs B.74 2
17613 B8y61 W03
172,45 8,53 W43
14/425 Ra51 a0
1ub.tH 8,45 E]
{ule 0 8,36 X
165439 8,26 ')}
174,43 8,16 245
130,54 8,08 .45
141487 7497 5
138419 786 el
115.27 TeTb XL
114,97 Teb4 44

LAKE QUTFLOW CONCENTRATIONS

NH3eN
(MGsL)

40088
0102
0110
0118
«0114
0112
v 0108
«0105
0102
009/
« 0094
«00R9
0c8dY
«0081
20081
»0UB3
<0085
0088
«ng9%0
«0093
«0098
201014
#0105
0111
0118
0l
$0135
0146
01062
s0162
016
TN
0174
0181
0185
0377
L0240
0z2os8
070
0209
0219
0222
0222
WCePs
W0227
v0°38
0255
00235
«N238
W 02U0
0242
02Uy

NO2=N NO3aN PU4sP PHYTO COLIFORMS HMY
(MG/L) (MPN/LOO)

(MG/L)

0003
w0006
0008
o 0010
20011
0012
0013
0Ny 3
0014
0014
20014
G014
w0018
S04
0015
20037
«0019
20022
20025
0007
20030
2V
« 0036
+0N39
04?2
c0nas
«Q0ul

00527

«9057
0058
«00%H9
20058
0059
20060
00061
006}
«0076
0069
g
0072
0070
«00/78
«0077
0078
«0079
0079
0079
20078
0077
0076
0075
20074

(MG/L)

2709
» 3508
14y
L4659
#5083
«5427
» 57069
JHOuy
ebite
«b301
6474
e 6590
«b/04
«HR2S
6937
o /034
7114
e 7205
«l274
Te 7550
« 7407
7444
7456
27490
7556
7652
7694
« 7800
«7908
«71920
7850
07902
WH122
sHih2
7637
7023
WTI191
7515
ALY
« 7549
Tud7
510
1714
2« 7897
«B011
8678
»8030
.B288
#8191
«8107
, 8385

28550

(MG/L)

0074
0101
0120
00133
0143
s0148
01518
0152
01592
0151

«0149

« 0145
W0141
w139
0138
20339
20140
0143
D145
«0%ud
«0153
0157
20162
0167
«0173
0179
<0185
£ 0192
0201
00209
0209
0213
0218
20023
«0228
« 0230
20254
«0247
20250
20255
02064
0270
02738
0278
ld-L
029§
s0298
«0303
«0309
0316
0322
0328

0000
«0000
00000
«NOO00
00000 °
0000
0000
o000
«0000
0000
0000
000U
«0000
0000
0000
20000
« 0000
«0000
+DO0OH
«0000
«0000
« 0000
+0000
0000
«0000
¢ 0000
0000
#0000
00007
0000
«0000
0000
«0000
e 0000
«0000
0000
00000
«000¢
Q00U
«0000
+0000
s+ 0000
20000
+ 0000
«0U00
« 0000
+ 0000
20000
«0000
0000
«0000
«0000

758,14

822.7

917,6
1031,.,8
1159.5
12941
143242
1575.8
17171
1863,2
2010.3
2151,%
2296,1
240d,.4
208241
2532,0
255843
25737
2575.9
256844
254548
ehlo.4
248647
2448490
2403,7
PELTEY:}
229849
2241,5
2152'7
2150,4
20935.9
2004.7
1919,9
1836,8
1757.7
169300
1618,2
1580,%
153448
1495,1
1465,6
1436,9
1406,3
1382,0
15697
130141
1812,0
1288,2
124248
1200,0
117302
113345

052
092
122
0145
o164
0173
«181
1bb
2189
0190
2190
188
o185
slb4
0182
o184
0179
178
$177
76
175
2174
$173
172
o178
171
171
«170
170
W 169
»168
e168

169

169
165
RL2!
0165
o163
{63
s102
2100
159
o162
s161
164
161
s160
1160
cel99
«158
157

HM2 HM©3 TUT N ChLOR
(MG/LY {MG/L) (MG/L) (MG/L) (MG/L)
2000 2000 «014 000
000 000 2y 0000
000 «000 016 o000
000 «000 0017 000
0000 «000 018 «000
«000 «000 018 «000
000 000 018 «000
«000 «000 019 +000
000 000 019 «000
«000 2000 $019 000
«000 «000 019 «000
+000 «000 019 «000
2000 «000 019 +000
«000 2000 020 «000
«000 «000 2020 000
+000 2000 2023 2000
000 «000 02} «000
000 000 022 «000
«000 «000 23 2000
#0000 000 024 2000
2000 «000C 025 «000
«000 o000 «026 000
9000 «000 w027 000
000 2000 W28 2000
2000 «000 W 029 2000
000 0000 W30 +C00
000 2000 8031 «000
2000 «000 s032 «000
000 «000 5033 000
«000 «000 034 000
#0000 «000 2035 000
2000 +000 sl 30 000
000 « 000 2U37 «000
«000 «200 w037 2000
000 «000 038 +000
000 2000 $058 «500
2000 000 039 000
000 #0300 1040 000
000 2000 81 «000
o000 +000 W 041 «000
«000 000 042 «000
000 000 $0Ul «000
000 «000 L] 2000
«000 «000 085 000
000 «000 0406 «000
000 «000 087 090
+000 +000 2047 2000
«000 000 048 «030
000 2000 2049 «600
000 «000 $0U9 «000
$ 000 W 000 050 «000
0000 «000 059 2000

01506

LLE®Y HM12 HMI3

{MG/L) (MG/L)Y (HG/L)
«000 «000 sU00
0000 «000 000
«000 2000 2000
2000 «000 2000
«C00 000 - 4C00
000 «000 . 4000
«000 «000 «0060
«JC0 «C00 0009
2000 +000 «0C0
«000 000 «000
2000 «C00 «000
2000 «000 2000
« 000 «000 2000
«000 «000 0000
“e 000 200D e 000
2000 2000 0000
»000C «0C0 e 000
000 s 000 «000
WON0 «000 «000

- 2000 «000 «000
«000 +000 «000
«000 «0C0 2000
2000 2000 0000
+000 «000 0000
000 + 000 «000
«000 2000 «C00
0000 + 0G0 0000
0G0 «000 0060
4000 « 000 «000
000 «000 «000
+000 2000 «000
000 +000 000
060 «0C0 2000
«0C0 «Cu0 «000
2000 000 2000
«000 «000 000
2000 «00v0 000
000 «000 0009
G00¢ 2000 000
000 000 000
«000 «000 »000
«000 «200 «000
« 000 «020 «0C0°
«090 «000 +000
»000 . 0C0 +C00
000 000 000
2000 2000 2000
+000 000 «000
2000 1000, 2000
«000 «000 000
000 «0C0 »0C0O
2 0C0 0000 000



£CT

204
205
206

207

208
209
210
211
212
213
214
2195
216
217
218
219
240
221
222
-]
224
22%
22h

221"’

228
229
230
231
232
233
234
23%
236
231
233
239
240
241
242
243
2ua
245
286
247
248
249
250
251
252
253
254
25%
256
257
258
259
260
2h1
262
263

122,05
11t1.00
122490
111,29
107.60
105,07
91475
92,05
69,38
17.31
51473
65,41
75489
76447
76.46
704951
94,73
88,07
74419
68,53
76.4b
Ta, U8
T6.40
40,49
75,89
7%.89
19.57
bh B3
S5,+35
2550
32,28
56492
4d,.61
b6h.98
74419
6.4}
S4.37
60432
Ta. 16
85,25
7The89
79.61
80,70
72449
$7.48
77,87
8. 76
76047
91e75
107,89
57.717
S1.82
107459
95,43
95,15
70451
77.02
65,79
414006
95,73

o83
o4l
43
243
L44
W44
45
245
e lUb
47
ou8
049
oS1
53
156
058
3-1.)
XL
65
166
67
069
obb
2 69
.SB
S8
.57
260
55
w52
47
ou7
Wu8
49
a9
49
1}
56
e b
51
«d8
o4
o 74
.7}
68
3047
2e98
257
2023
192
174
1655
1440
1427
1447
1,08
101
9%
+90
W85

0245
10246
«0246
0247
0287
«0248
0249
0250
20254
$ 0255
20258
«02614
20265
20269
0275
20282
0283
$ 0298
20306
0314
«0521
«03°8
0515
00529
0277
0279
«0281
0290
02798
00278
0242
0241
20265
ofielh
20278
00277
0282
00289
0290
$0PR7
«0305
0302
20399
00401t
00591
06139
«0750
0829
J0BEY
0853
LY
0830
0811
W 0789
s 0765
$0741
0717
0092
0067

+0074
0073
20073
«0073
$00/5
0077
00079
«0081¢
20085
«0088
« 0091
0091
20093
20094
»00%d
v 0095
0 09°
20090
00095
20095
«0NYS
s 0095
«00HY
20091
00077
20077
«QO /R
NOBY
00 /7
«0078
0069
« 0070
075
«00N78

-e0079

00179
20081}
0084
QN8BS
«QOB3
«DOHZ
0087
s0098
0104
00107
s0127
R T
«0160
« 0176
01Uy

«0200 -

0207
0711
«0212
20212
0210
0206
w0202
00197
0192

B278
28315
«821%
+8189
8203
8216
«8198
+ 80604
80611
+8744
208823
8922
+9049
9173
09524
09092
2 960%
+97%0
9B84s
W9921
1.0000%
V182
29499
7014
«bh939
JhET2
o 7372
NYLES
b3y
L4718
24519
eH613
«h090
L6259
ab2e9
6700
ol150
«T519
eb54838
NI
6118
pbH59
6608
«hH 37
o729
o 71851
ALY
« 7405
T8
7510
« 7534
1570
7642
7703
7752
7786
.7818
THUY

7844,

«0335
«0342
00349
« 0356
0362
«0369
«0375
«0381
«0389
20394
#0399
0402
0405
« 0407
0409
0409
«0U0S
0807
+ 0405
0404
0401
«0398
$ 0394
$0591
20392
«0392
1« 0392
20590
0393
20395
,0398
«0398
20400
U402
.0803
10801
0399
00398
0399
Q400
0414
0uesd
s 04354
» 0435
04355
$0U70
«0u8H
0502
20514

+e0521

00529
0535
04538
+ 0540
s 05Uy
0542
0542
0542
0541
10541

«0000
«0000
0000
+«000V
«0000
«0000
«0000
20000
20009
20000
«0009
0000
00000
+ 0000
20000
0000
0000
20000
«0000
«0000
20000
«0000
0000
0000
0000
¢ 0000

+0009

20000
«0000
20000
«0000
» 0000
«0C00
#0000
20000
20000
20000~
+ 0000
+ 0000
#0000
« 0000
« 0000
#0000
00000
« 0000
20000
+ 0000
20000
20000
20000
«N00N
«0000
«0UN0
«0000
« 0000
« 0000
« 6000
«N000Q
«0000
«0000

109640
1070,9
1031,1
990,46
9494
901.5
8U6,3
787.0
749,8
683,8
645,44
618,44
61845
640,06
676,8
72940
75617
883.4
949.0
1011,8
1094.1
11830
11753
1284,8
105947
106743

1070.4

113145
1039.3
1008,8
89547
900,2
881,.9
861,3
854,9
857.4
897,7
911,14
896.3
80Y, 3
73446
700,06
691,8
6911
689,0
653.5
6915
bU8,2
.645,8
6385
632.2
6¢5,2
619.4
614,53
$07,4
598,7
585|7
578,42
569,0
559,48

«155
0154
o153
o151
149
o147
145
0143
2342
0139
s 137
135
133
131
o129
0128
W12/
e125
123
122
121
120
ol16
s116
‘108
2107
106

2106

«103
o108
098
2095
0098
11014
«101
0099
«100
102
102
«099
« 099
101
»105
109
«104
13
o113
ette
112
"le
o118
.11‘
110
110
110
0109
109
«108
0107
107

000
+000
«000
s000
000
2000
2000
000
000
000
«000
000
2000
«000
o000
2000
2000
2000
s000

2000

«000
+000
20000

. 9000

«000
2000
«000
0000
2000
0000
o000
«000
000
«000
000
000
000
0000
2000
000
«000
s000
2000
000
«000
0000
000
«000
«000
+000
«000
«000
«000
«000
000
«000
2000
«000
2000
000

2000
2000
2000
2000
2000
000
000
2000
2000
#0090
2000
+000
»000
2000

T . 000

000
000
+000
«000

000

000
000
2000
« 000
«000
2000
000
000

T 0000

2000
2000
W 000
W 000
000
000
«000
$000
000
o000
2000
0000
#9000
2000
«000
000
000
2000
«000
«000
« 000
+000
2000
2000
$ 000
2000
000
000
2000
000
000

051
0051
052
052
053
053
054
0054
2056
11
057
2058
2058
e 059
s U606
o061
W61
063
063
2064
065
2065
065
« 065
LY
2063
« 064
e 065
0 065
«060
]
CO7
2067
067
067
0069
070
072
073
072
ST
W71
071
072
«074¢
072
073
075
076
078
079
+ 080
«0H2
083
« 085
086
1084
089
091
092

000
«000
0000
o000
0000
«000
«000
000
+000
2000
«GV0
000
2000
+000
2000
«000
2000
«000
«000
+ 000
2000
«000
«000
2000
000
000
«000
2000

~+ 000

« 000
«000
« 000
«000
000
000
0000
«000
«000
«000
2000
000
«000
»000
000
«000
«000
2000
«000
000
«000
2000
«000
000
2000
+000
«000
«000
«000
020
000

000
«000
000
2000
«000
2000
«000
«000
»000
«000
2000
2000
«000
«000
0000
«000
2000
«000
»000
«0C0
«000
000
~e000
000
+000
« 000
«000
4000
«000
000
»000
0000
2000
000
«000
000
«000
2000
2000
2260
+GCO
2000
»000
2000
«000
000
2000
000
060
«C00
000
2000
»000
«000
«0090
0000
+000
2000
«C00
2000

«000
«000
«000
«000
2+ 000
«000
000
«000
o000
000
2« 000
«000
2000
«000
«000
«000
«000

»000.

+ 000

0000

«000
»000
000
«000
000
2000
«000
«000
+000
000
#0020
1000
000
2000
2000
2000
+000
+000
2 0C0
000
« 000
003
s000
«000
«C00
2000
«000
«000
2000
2000
+ 000
000
«009
«000
5000
+000
0000
000
«000
000

0000
¢000
0000
20CO
2000
0000
«000
2000
2000
000
«000

'|°°°

«000
2000
«000
«000
0000 .
1000
2« 000
000
«000
2000
2000
000
2000
2000
+000
«000
2000
2000
+000
000
«000
2000
2009
2000
0000
000
G090
o000
«000
000
000
«000
«000
«000
«000
000
+000
000
+000
2090
000
«000
«000
«000
000
¢ 000
2000
0000



A

264
265
266

267

268
269
270
271
272
275
274
27y
276
217
274
279
280
281
282
283
284
28BS
286
287

286 .

289
290
291
292
293
294
295
29m
297
294
299
300
301
3nge
303
504
305
3oe
307
308
309
310
3
312
313
314
315
sth
37
318
319
320
321
322
323

99,114
77.02
84,10
84,10
84,10
86.08
94,04
82.40
83,54
82.69
8%452
80,949
80,70
RO.14
b3,82
95,71
72.21
Bho,65
79,85
81,27
7731
B1.27
77.87
- 107.89
79.00
B0 99
78415
92,34
B85.25
79.57
83.54
Qu,.58
Tbelb
77.87
Bu.b?
95443
92.31
92,88
6,08
76437
75.04
83.25
83,82
BY.80
BHohb$
93.45
764,74
95,45
Qu, 50
92431
93,45
86,08
105%.07
90.35
79457
99,11
98,54
92,88
102.22
105,34

4439
4,37
4.53
4,68
4,83
4,9%
5,09
5,23
5.57
5450
5403
5.7
S.814
582
Se92
S.94
5463
5.96
Se91
5485
5479
9+90
5.98
6.09
6421
b6, 52
6,42
6452
b.b2
6.7
6480
688
[ TR AY
Te0u
Tel2
Te20
Te27
7,34
Tl
Te5%0
7.58
766
Te74
7482
7.88
795
8,02
8,09
8.4
8417
8.18
8,16
d.1h
8412
8,17
8,20
8,24
8,30
8,35
8.40

82
79
77
75
74
.72
W72
o 71
o1
71
o 71
o 71
o 78
70
.1
62
bt
'Sq
260
bt
o TU
74
73
«73
73
.‘,u
o T4
o 74
75
o776
«76
077
.77
o718
.79
o890
B0
81
«82
83
84U
85
-1
87
88
«89
90
091

092

'92
293
L4
9l
«95
95
.95
T
«9h
97
97

0644
20625
«0601
0582
0564
20547
0531
«05%7
+0504
s 0u92
+Qud2
0472
L0464
0456
L0484
20434
L0436
«0415
« 0411
0408
J0u21
«0418
« 0416
W0UlS
0610
0408
« 0407
«040b
040>
«0405
0405
« 0405
«DU0S
« 040D
0405
<0406
Wouol
L0009
0410
W 0l12
L0uls
0415
20410
L3N
04819
0421
oues
$ 0425
N2l
s 0U29
«0031
L0U34
NET
«0U3B
0440
NYLH
«0UUs
0484
L0445
LY

20186
«03180
00175
«0169
01064
0158
0153
«0149
«01ad
0140
0136
0132
019
«0126
01258
0120
0118
W 0115
0112
20111
011
s 0409
«0108
0107
«0f0%
«0104
«0103
s0102
0101
«0100
20099
«0099
« 0098
«0097
0097
20096
« 0096
U096
$009%
«007%
« 0095
e 0094
« 0094
0093
200938
0093
20093
00093
0092
0092
0092
0092
20092
20092
«H093
20093
20093
20093
w0092
20092

« 7876
o 7925
« 7986
o 79758
«A004
«B8040
«8082
.8138
+8194
«8249
8504
8357
L8u12
JBubs
WB376
26394
8967
8411
8551
«8673
L8804
28823
oBB02
,BB62
8942
,8996
29052
9111
9176
9241
«9306
9375
9444
9515
9586
19658
9748
9823
29904
9992
1,00/6
1,0174
1.0270
1,0369
10058
1.,05%0
140635
1.0725
1.0817
1.0914
1.099%
1,085
111068
o162
1.1334
1eldld
11509
141597
1.1089
141778

«0539
20538
20536
0534
«{1533
2« 05318
« 0528
20526
«0524
+ 0521
20519
« 0516
<0514
0512
20508
20505
0502
20499

20497

«0U9Y
L0499
«QU97
0497
2 0494
« 0492
+ 0490
0u88
QUBE
«0084
«QUB2
0480
0478
20876
sU474
0472
«0470
«QUb8
204606
WQl6S
«0UbSs
LT3
0459
£ 0457
« 0454
D085
0451
L0409
suba7
«G44s
204463
s GUU2
Qu4o
QU3
$0437
« 0435S
0433
+0431¢
0429
0427

- e Q426

«0006
«0000
20000
0000
«0000
0000
«0000
«0000
«0000
#0000
«000¢

#0000 .

«C00¢
« 0000
«0000
«0000
«0000
20000
+0000
0000
«0000
+ D000
0000
20000
«0000
«0000
«N000
+ 0000
«0000
e 0000
«0000
00000
«0000
0000
«0000
0000
«0000
0000
#0000
20000
«000C
+0000
#0000
+ 0000
« 0000
0000
«0000
20000
«0000
0000
D000
0000
«0000
«0000
¢ 0000
#0000
+ 0000
0000
0000
«0000

55242
545.7
S40.1
53543
53146
528,.5
S2b44
52641
520643
52740
527.9
52940
53041
531.0
52745
528,9
550.4
529.7
53040
530.5
530.5
531.9
s27.3
531.8
538.8
42,7
546,8
59142
555%.8
560.6
565.5
570.,3
57541
L80,9
586,48
592,90
§97.7
605,7
08,8
615,0
[ YA X!
62944
63746
slbeS
6593%,3
661438
668,40
675,7
683,14
69144
696,47
705.0
709,0Q
T714.8
720,2
726,5
754,5
42,9
750,3
7573

«106
2106
.103
o105
104
«104
o100
103
o103
W02
el02
ei02
sill
»101
2100
.100
.102
099
«059
098
« 098
098
098
«098
097
«097
s 097
097
« 055
« 096
+ 096
«096
o N96
2095
2095
«09S
095
095
«N9S
« 094
« 094
094
2 094
094
094
« 094
2093
093
2093
#093
2« 093
693
043
0093
093
092
«092
092
092
s 092

1000
0000
«000
2000
2000
2000
1000
2000
2000
2000
000
2000
1000
000
000
000
«000
2000
2000
000
000
2000
s 000
s000
2000
000
« 000
0000
«000
«000
«000
«000
«000
eU00
000
s0U00
.Ooo
2000
000
000
000
+000
000
000
000
2000
000
000
000
000
» 000
000
020
0000
2000
2000
2000
2000
000
2000

000
2000
0000
«000
600
000
«000
000
000
000
«000
«000
000
«000
000
«000
«000
2000
«000
«000
«0C0
2000
+000
«000
«000
«000

+000

000
000
«000
000
«000
«000
000
«000
2000
«000
0C0
000
«000
000
2000
«000
«000
000
000

000

«000
2000
000
000
002
000
2000
«000
000
000
000
0G0
000

« 093
« 094
«096
097
1098
« 099
2101
102
e103
»104d
105
o106
107
0108
« 109
110
it

Ltz

o113
o144
o115
115
1106
o117
118
e119
«119
120
« 171
122
ol22
123
124
124
125
125
126
o127
e127
128
124
129
o129
130
150
o131
s131
R
132
o153
133
s134¢
RS
1134
o155
155
1138
PRY
i36
'!57

«0090
«000
2000
«000
2000
«000
000
«000
2000
2000
2000
«000
«000
«000
000
£ 000
»000
«000
2000
+000
000
«C00
«000
000
2000
000
2000
000
000
s00C0
2000
#0000
2000
2000
+000
«000
000
o G00
«000
«200
« 000
«000
2000
000
«0CC
000
000
000
«000
000
000
«00C
«0C0
000
000
+000
«CQ0
000
000
000

2000
e000
«000
000
« 0G0
2000
2000
0000
«G00
«000
000
+000
«G00
2000
+000
000
000
«000
2000
«000
e 000
~000
« 000
2000
0000
000
2000

-+000

« 000
«000
0600
+000
1000
2000
$000
000
200
2000
0000
«200
000
2900
0000
000
2000
e0CO
000
0000
2000
s000
«C00
GO0
0060
0000
0000
0000
+0C0
080
000
G0

000
«000
2000
+ 000
000
2000
« 000
«000
«000
«000
«000
«000
000
000
»000
«0C0
«C00

«000 .

«000
QU0
000
#0000
000
«000
2000
000
«000
000
2000
+CCO
«000
«000
<000
2000
$000
009
«00C
» 060
230
«COC
«C0D
« 000
2000
000
030
«000
020
UG
000
000
0006
00

© e 000

0V
000
«000
000
000
W G00
2000

«000
o000
«000
0000
2000
000
0000
+000
« 000
000
000
000
«000
$ 000
2000

+4000
«090

000
2009
«000
«00Q
«000
1000
000
«000
« 000
0000
¢ 000
«000
+0C0
+CCO
»000
2000
000
1000
'000
«000
1600
2000
000
0G0
« 000
006
«000
000
0G0
+000
000
«000
000
20006
#0060
«090
2000
2000
2000
«0CQ
000
0000
«000



621

324
325
326
327
328
529
330
331
332
333
334

93,738
95,71
99,39
102,79
9H. 28
98,26
118,69
130.20
109.30
130,54
jadel3

8,44
u'ul
8,46
8,51
8,5%
8,59
8,62
8,66
8,70
8,75
8,77

« 98
98
98
.99
99
99
99
1.00
1400
1,04
1401}

«0448
« 0450
«045}%
» 0452
QU513
0454
2 0455
0454
0854
20454
20452

»0092
20092
« 0093
20093
20093
0093
«0092
+ 0092
0092
»0091
s0090

1.1853
141935
1,2008
1,2083
1.2157
102255
11,2324
142429
12541
1,2642
1.27177

0424
0422
0420
QU119
0417
0415
20413
041l
20409
20U006
00403

«0000

«0000
«0000

« 0000,

0000
0000
«0000
0000
«0000
« 0000
«0000

762,9
76941
77541
783140
786.7
79344
801,2
81140
B820.2
830,8
844,5

2092
«092
092
092
052
0092
092
0092
quz
0092
092

000
2000
«000
s 000
000
0000

» 000 °

000
«000
2000
0000

000
000
2000
«000
2000
0000
»020
«000
«000
2000
$ 000

137
137
.135
0158
138
139
2439
+ 139
1680
1060
0140

2000
«000
2000
$ 000
«000
2000
$000
«000
2000
2000
2000

«000
«000
+000
2000
000
«000
2000
«C00
0000
+000
000

«000
2000
W0C0O
2000
+000
2000
»000
000
000
«000
2000

« 000
v 000
020
2000
«000
+000
s 000
000
0000
+000
«000

i .



Program

Typical JCL .
BAL . . .

Subroutine

Function BETA .

BLOCK DATA
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine

Subroutine

CURVE

GETCON -

FILL .

GETAVI .
LAKCON .

NEWIN
PINE .
PPLOT

QPRINT .

SCALE

SETOPT .

SUBA .
SUBB .
SUBB2
SUBC .
SUBD. .
SUBE .
SUBG .
SUBH .
SUN

PROGRAM LISTING

SECTION XI

Main Driver Program .
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TYPICAL JCL

A typical JCL deck for executing a LAKSCI run is listed here. (JCL
variations may occur according to machine or installation.)

/ /EXEC FORTGCL,REGION=280K
//FORT.SYSIN DD *

LAKSCI FORTRAN SOURCE DECK
//* .

//1KED.SYSLMOD DD DSN=B.YRHB10.ZAS.LK2(LKH2).

//  UNIT=3330.VOL=SER=PR3002.SPACE= (1024, (140,10,1),RLSE) ,DISP=(,KEEP)
//  EXEC PGM=LKH2.REGION=280K

//STEPLIB DD DSN=B.YRHB10.ZAS.LK2(LKH2),UNIT=3330,

//  VOL=SER=PR3002,DSIP=SHR

//FT06F001 DD SYSOUT=A

//GO.FT18001 DD DSN=CN1752.ZAS.ITP,DISP=NEW,

//  UNIT=SYSDA,SPACE=(TRK,(15,15)),

//  DCB=(RECFM=VBS,LRECL=1000,BLKSIZE=1004)

//FTO5F001 DD *

LAKSCI DATA DECK

/*
/1
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1, SUBROUTINE RAL

24 INTEGER MONTH(12)
3. COMMON ZF(36%)y V(365)s FLOW(36543)y ERR(SIHSY OUTCI6593)y IT(365)
a4, Ay ZN(365)
-1 DATA MONTH/34¢28931930931930031931530+13803003¢4/
b,y ACX) = CL & CRaX + C3 * X «x 2
Ta S(X) = €Y % X & ( €2 /7 2,0 ) X %% 2 ¢ ( C3 / 3,0 ) * X *% 3
8. '
. 9, ) DO § I=1y4015
10, 1 . IF(l)=0, i
14, READ(59502) JTAPEIDAYLDAYCLeC24C3
12, c RSELI IS THE INITIAL SURFACE ELEVATTON IN FEETy REFERENCED
13, . C T0 THE LAKE BuTTOM,
14, c BOTEL 1S FLEVATION OF LAKE BOTTOM IN FEET ABOVE SEA LEVEL
15, READ(He503) RSELIZHOTELsGAFLOWIFACIN
16, IF(FACIN,EQ,0,) FACIN=Y,
17 502 FORMAT(311043F10,2)
18, 503 FORMATC(AF10,0)
i9,
20, C *xxx READ INPUT DATA
21,
22, REAC(S¢S501) C(FLOWCJo ) o FLOWCJ92) eFLOW{Je3)oJ=IDAYLDAY)
23, DO 5 J=1+3 :
24, 5 CAtl, FILL(FLOW(IDAYyJ)yLDAY=IDAY+190,)
25, TOTIN=O,
26, T0TOUT=0,
27, DO 20 J=IDAYLDAY
28, TOTINSTOTINGFLOW(Je1)¥B6400,
29, 20 TOTOUT=STOTOUT+FLON(I2)%B6400,
30, DIFPO=(TOTOUTSTOTIN)/(LDAY=IDAY+],)
31, . DIFPD=aDTFPN s
32, DIFCFS=DIFPD/86U00,
33, DIFAF=(TOTIN=TOTOUT) /43560,
34, DO {0 J=IDAYWLDAY
35, ° 10 FLOW(Jo 1) SFLOWE 1) XFACIN+GHFLOW
36, WRITE(69500) RSELIVROTEL»TOTINSTOTOUTyDIFAFIDIFCFSeFACIMIGWFLOW
37 500 FORMAT(/ /1 INITIAL(SURFACE ELEVATIONs REFERENCED TO LAKE BOTTYOM =t
318, FoF15,0 L {FT)Y/
39, *3Xy! ELEVATION OF LAKE BOTTOMy REFERENCED TO SEA LEVE(L =1 ¢F15,00
40, 1 (FTY1/
48, ${9X e I TOTAL INFLOW FNOR SIMULATION PEFRICD =1 sF 15,00t (FTxx3)1/
42, ¥I8Xe I TOTAL OUTFLOW FOR STIMULATION PERIOD S1oF1Se00 ' (FT*43)1/
43, FUIX G IDIFFERENCE =12F15,00 1 (ACRE FEET) 1/
a4, ¥UIX IDIFFERENCE =1 eF15,0s 1 (CFSYI1//
45, Iy ! INFLOwW FACTOR =14F10,4/
46, *1 GROUNDWATER FLOW =14F10,491(CFS) )
47, WRXT&(boSOQ) CieCR2eC3
48,
49, C *%%x PERFORM WATER BALANCE
50.
51, IF(IDAY~1)=RSEL]
52, V(IDAY » ¢ ) = S( ZF(IDAYw{) )
53, TA = B,64E0 / 4,3560E4
Sd, DD 125 J = INAYy LDAY
55, IT(J) = 0
56, VIJY & V(Jm1) ¢ TA % ( FLOW(Je1) » FLOKCJ92) )
5Te Xy = ZF(J=1)
%8, DD 124 K & fe {0
59, IT(JY = K
60, X2 = Xy = { S(xy)= V(J) ) 7 AL(X1)

129



b1, IF( ABS(X2 »X] ) LLT, 0,005 ) GO 1O 123

62, Xy = X2

63, 121 CONTIMUE

6, 183 ZF(J) = xe

65, ERR(J) = VEJY » SCZ2FCI) )

bb, 125 CONTINUE

67, DO 131 J = IDAYs LDAY

68, OUTCJey) = 0,0283817% FLOW(Jst):

69, OUT(Je2) = 0,028317 * FLON(J»2)

704 OUT(Js3)=FLOW(JSe3)

714 FLOW(J o3I =FLON (I 3) /7 ,55555+32,

72, ZM(J) = 0,3048 % ( (ZF{J=§)HZF(J) ) / 2,0 )

73, 131 CONTINUE .

74, DO $35 J = IDAY» LDAY

75, 13% ZF(J)aZF(J)Y+BOTEL

Th,

774 C **%¥ WRITE OUTPUT

78,

79, WRITE(64601)

80, WRITE(69603) ( JeZFLJI)aVIII2ERRUI) o IT(I) 9 (FLOWCIWK) 0K=193) s
81, A (OUTCIsK) oK=193)19ZM(J)iJ=IDAY [ DAY)

82, IFCITAPE,LE,0) RETURN

83, REWIND ITAPE

84, WRITE(ITAPE) IDAYs LDAY

8%, WRITECITAPEY ¢ ZM(J)s ( OUT(JeK)y K = §4 3 3¢ J = IDAY, LDAY )
86, RETURN

87. | .

88, 6014 FORMAT({HI /TGy tDAY ! g T16e VELEV(FTY14T27 01V (ACFTI 1 4 TUOLTERRI 4 T5Hy
89, KLITERV oTHO0 1 INCCFSItoT7E v tQUTCCFSY e TR tTEMPIF) LTSy 1 IN(CMS) 1y
90, ATI0S IOUTCCHS) Vo THIS e ITEMPLC) Vo T123 ¢ 'DEPTH(MY})

9%, . 603 FORMAT( 111oFll.Z-lPEll.S-Ell.%olll.0P2F11.1o?ll.20 2F11.4¢F10,2s
2, A Fa.2)

93, 501  FORMAT(12F6,0) -

94, 504 FORMAT(//' VOLUME = C3%D ¢ (C2/2)%D%x%x2 ¢ (C3I/3)%xDx¥3 1y

95, . ¥1 AREA = C1 ¢ C2%D ¢+ C3*¥D¥*¥21/

96, 1 WITH VOLUME IN ACRE FEET AND D IN FEEY ABOVE LAKE BOTYTOMI//
97« $10Xo1C1 =1 9E16,B/710xe1C2 =1 E16,8/10xe1C3 =14E16,8)

98, END .

99, FUNCTION BETAC MINs MAXsDATA® N )

100,

101, COMMON/ABLK/ ABAR(C200)s AREA(200)¢ DCC200)9s DENS(200)y DHI(200)
102, A DVOL(200Ye¢ DZ(C200)s DZI(200)¢ QHI(200) AHNOC2003 0 T(200)0
103, B TDOT(200)e TFX(200)y THI(200)s VOL(200)y Z(200)y ZMIN(200)
104, :

105, REAL DATA(N)

106,

107, IFC MIN LT, 1 ) MIN 2§

108, XBAR = 0,0

109, ~ YBAR = 0,0

110, TA = 0,0

lll. 718 = 0,0

112,

113, C %% CALCULATE MEANS

114,

115, D0 187 J = MINe MAX

116, XBAR ® XBAR ¢ 7MIO(J)

117, YRAR 3 YRAR ¢ DATA(J)

118, 117 CONTINUE

119, XBAR = XBAR / FLOAT( MAX = MIN ¢ 1 )

120, YBAR & YRAR / FLOAT({ MAX = MIN ¢ { )

121, .

L T L L e R e e R eI RI e L P
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b

122,
123,
124,
125,
126,
127,
128,
129,
130,
131,
132,
133,
134,
135,
136,
137,
138,
139,
140,
141,
142,
143,
144,
14%,
146,
147,
148,
149,
150,
151,
152,
152,
154,
155,
156,
157,
158,
159,
160,
1614
162,
163,
164,
165,
166,
167,
168,
169,
170,
174,
172,
173,
174,
175,
176,
177,
178,
179,
180,
181,
182,

0 W M Wk M e S S B W it s e e B e e M 1 29 s WA e G e e e s Be e AL v e |,

*C ¥% CALCULAT SLOPE OF LEAST SQUARES FIT

OO0 0O00

(s XaXe]

ano

121

#x¥e¥s¥ (URVE IS THE EMTRY To A GENERALIZED PRINTER PLOT ROUYINE,
ROUTINE PLOTS SEQUEMTIALLY PAIRED VALUES TAKEX FROM THE X AND

260

DO 121 J & MIN, MAX

TC = ZHMID(J) = XBAR

TA & TA 4+ TC ¢ ( DATA(J) e YBAR )
T8 = T8 & TC * 1C

CONTINUE

BETA & T4 /7 18

RETURN

END

BLOCK DATA

COMMON/LLAB/Z TITLE(IR) o XLABCIL1) s YLAB(S)
1yHORIZ(20) e VERT(6)

Lt 1s e A v e

DATA VERT/UHMETE »UHRS o+ 4HABOV,aHE s GHBOTTouROM  /

DATA TITLE/AR*4H sUH TEMPURPERAYOHTURE »4H VERUHSUS

A OHH FOsgHR JUs4HLIANe daH DAY /

DATA MORIZ/UHWATE ¢ UHR TEU4RMPERyUHATUR 1 UME * ¢ UHDEGR ) UHEES

AUHCENT ¢ 8HIGRAVAHDE  910%4H /

END .

SUBROUTINE CURVE(XsYeNPTyNCVINPLOT)
DIMENSION X{20348) oY (2084 1) e NPT(YL)
COMMON/ZILAB/ TITLECLB) o XL ABCLL) 2 YLAB(S)
1eHORIZ(20) o VERT(6)

YUHDEPT

e s e

Y ARRAYS, THE SCALING VALUES FOR BOTH ARRAYS ARE STQRED IN THE
LAST THWO ARRAY LOCATIONS IN THE SAME MANNER AS CALCOMP SCALING

THE ARGUEMENTS IN THE CALLING SEQUEMCE ARE DEFINED BELOW,,.

Xeoo THE ARRAY CONTAINING THE X AXIS COGRDINATES OF TH

POINTS TC BE PLOTTED,

Yoos THE ARRAY CONTAINING THE Y AXIS COORDINATES OF TH

POINTS TO BE PLOTTED,

NPT,,, THE NUMBER OF POINTS TO BE PLOTTED,

NCVoso THIS VALUE 1S ALWAYS ONE (1),
NPLOT,, (USED FOR PLOT IDENTIFICATION,

THIS VALUE 1S

PRINTED ABOVE EACH PLOT FOR EACH CALL 10 CURVE,,,

NPTS=NPY (1) *NCY

SET UP X AND Y SCALES

AXLEN=10,

CALL SCALE(XsAXLENWNPTSeY)
AXLEN=S,

CALL SCALE(YeAXLENINPTSe§)

FORM X LABELS AND FACTORS

XMINSX(NPTS+1e1)
DELTX=X(NPTSé2414)
XLAB{1)=XHIN

DO P60 1=1+10
XLAB(I+1)=XLABCLI)+DELTX
XSCAL=100,/(XLABCLIL)nXMIND
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244, REETURN

24s, END

2464, SUBROUTINE GETAVI{NDAY NHRIDELTAVIiPOL)

2471, KREAL NHR

248, COBMON/PASS/TOTL o DAAN,DUSK

249, Fi(X)=ALxx+ny

250, F3(X)mA3XX+R3

251, CALL SUN(NDAY)

252, DAYZDUSKaDANN

253, B2ZUXTOTL/(3,2DAY

254, Duz=DAY/ti, -

255, TAL=ER2/04

256, Blz«ALXDAUN

2‘57. Ad=wAj

258, B3zmA3XDUSK

259, T1aNKHReDELT

260, T22NHR

261, IF(TL,LT,0,) Ti=0,

262, T0T=0,

263, PDL =0,

2b4, IF(T1,6T,DARNEDE  LOR, T2,LT.DAWN) GO TO t0

265, START=AMAXI(DAWNSTL) '

266, STOPAMING (DAWNNHDEIT2) .
267, AREAS(STOP=DAWN)I*FI(STOP)/2,~(START=DARN) ¥F{ (STARTY/2,
268, TOT=TOT+AREA

269, 10 CONTINUE

270, IF(Ty,GT,DUSK=D4 L,0R, T2,LT.DAWN+DL) GO TO 20

274, START=AMAXL{ (DAWNSNUHTL)

212, STOP=AMIN] (DUSKnDUYT2)

273, AREAS (STOP=3TART)*R2

274, : TOT=TOT+AREA

275, 28 . CONTINUE .

276, IF(T1,6T,DUSK LOR, T2,LT,DUSKeD4) GO TO 30

277, START=AMAX1 (DUSKnaD4yTY)

278, STOP=AMINY (DUSK,T2)

279, AREAZ(DUSK=STARTI*F3I(START)/2+=(DUSK=STOPI*F3I(S5TOP)/2,
280, TOT=TOT+AREA

281, 30 CONTINUE

282, AVI=TOT/(DE| T#60,) -

283, c AVI 1S THE AVERAGE INTENSITY IN LLANGLEYS/MIN OVER DELT
284, c PDL 1S5 TH PERCENT OF DELT DURING WHICH THE SAUMN SHINES
28%, IF(T2, LT, PAWN  OR, T{,GT,CUSK) RETURN

286, DLSEAMAXI(T1eDAWN) .

287, DLSTOP=AMING (T29DUSK)

288, POL=(NLSTOP~DLS) /DELT

289, RETURN

290, END

2914, SUBROUTINE GETCON(CIO«DELTINDyDEPTHIBOY)

292, c

293, c PHYTOPLANKTON IS THE ONLY TYPE OF ALGAE MODELED BY THIS ROUTINE
290. C

298, c I0 I8 THE AVERAGE LIGHT IYENSITY IN LANGLEYS/MIN DURING THE TIME
296, c STEP .
297, c DELY 1S THE TIME STEP LENGTH IN HOURS

298, ¢ DEPTHK IS LAKE ELEMENY ELEVATION ABOVE BOTTOM IN METERS
299, c IND IS THE LAKE ELEMENT NUMRER

300, c BOT IS LAKE A0TYOM aREA OF LEVEL IN SQUARE MFTERS

303, c RESEL IS SURFACE ELEVATION AHUVE BOTTOM IN METERS

302, c NUME IS IND FNR SURFACE

303, t vor Is voLUME IN CURIC METYERS

304, COMMON/NDV/AL (36) 1 NUME o NUMP (6) 4RESEL
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183, c FORM Y LAHELS AND FACTORS

184, c
185, YMINSY(KPTS+141)
186, DELTYZY(NPTS+244)
iR7, YLAR(A)=YMIN
188, D0 270 I=145
189, 270 YLAU(beY)aYLABR(T7el)+DELTY
190, YSCALZSO0,/(YLAB()eYHIN)
191, c
192, c INITIALIZE PLOT OQUTLINE
193, 4
194, : NCD=100
195, CALL PPLOT(020sNCDNPLOT)
196, K=
197, c
198, c DRAW IN BACH CURVE
199, c )
200, 00 4SO L={¢NCV
201, IF(NPT{L),EQ,0) GO TO 440
202, c
203, c JOINING X0 YO AND XT YT
204, c .
205, XO=3XSCAL*(X(1yL)»%XHMIN)
206, YOSYSCALX (Y (L L)eYHMIN)
207, NPOINT = MNPT(L)
208, DO 400 N = 2¢NPOINT
209, XT = XSCAL®*{X(N¢L) = XMEIN)
210, YT = YSCAL*A({Y(Ne«L) = YMIN)
211, CALL PINE(XOoYOWXToYTyKyNPLOT)
212, X0 = X7
213, . Y0 = YT \
214, 400 CONTINUE
215, 420 CONTINUE
216, 440 K = K + |
217, 450 CONTINUE
218, c
219, ¢ QUTPUT FINAL PLOT
220, c ;
22‘. NC=99
222, CALL PPLOT(0+s0¢NCsNPLOT)
223, RETURN
224, END
225, SUBROUTINE FILL(DATAYNyWORD)
226, DIMENSION DATA(1)
- 227, DEL=0,
228, M=y
229, DO 104 Ja2eN
230, NLOz=M1+ i
231, DO 103 K=NLOWN
232, IF(DATA(K) LEQ,WORD) GO TO (0}
233, DEL=(DATA(K)®DATA(M))/(KaM)
23“. MpK
235, IF(K,EQ,NLOY GO TO §04
236, G0 YO0 102
237, 104 CONTINUE
238, MENe |
239, 102 MM{zMmi
2U0, DO 103 K=NLOyMMY
241, 103  DATA(K)ZDATA(Ke])¢DEL
242, IF(M4y,GE ,N=1) RETURN
243, 104 CONTINUE !

[ Yy 22 LR e L L L SR DL Rt L L T X S b E 2t 2 4 s t n T b s e A o = ——— e A -~ e ———- -
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305,
306,
307
30e,
309,
350,
311,
st2,
313,
314,
315,
316,
317,
318,
319.
320,
324,
322,
323,
324,
325,
326,
127,
328,
329,
330,
338,
332,
333,
334,
335,
16,
337,
338,
339,
340,
3at,
342,
343,
344,
345,
346,
347,
348,
X49,
350,
351,
352,
353,
354,
3SS,
356,
357,
358,
359,
3160,
X681,
362,
363,
364,
365,

(s e XsNa Nz iz N e NaNeEkeNeTe Ne N o Ro e e No Ne s Ne No R g1

[z Xz NN ol

COMMON CINFLO(S6S5116) 1 CLAKCIO0015) o SPACE(76080)eDCONLLON1H)
COMMON/ZDBUG/ZIBNG .
COMMON/ZARLK/ZABAR(200) s AREA(HOO) o+ DVOLLIBO0) W VOL{200)
COMMON/ZLAKR/DITOPZ2y4TOP2 VTICHZELEV
COMMONZARRLK/BBLK(IN) g s IND
COMMON/ZLAK/LAK(S) ¢ SDZyDZTOP ATOR VTNP ¢NHOURPDL ¢ SN3INND

COHHON/CONBEG/nnoHUD,NH3.N02uH03'PUu.ALG.COL.H“loNME'NM5nH”yT0TN
COMMON/CONEND/DOE e BODE s MH3E o NOZE o NCOAF s POAE s ALGE + COLE s HM{F 4 HN2E
FHMIE s HHE ¢y TOTNE

REAL NHIvHD2 e MO Yo NHIE ¢ NO2E o NO3E
COMPON/CONST/ZTHKCOL s ARND ¢ AHM e CHMOC s THKNHZ o VOLITX y THVOLK 4y HODC »
KRODON BODPL «BONOD W HOREFRVGREAX ¥ THERMX gy CHMNA MK A yMPNG s MDY H2NO Ty
EMNHI ML e APR o NRIASRPAND e ATD BRRANDD ¢ HRRPOL s BRINAS; AENOD

K g AHMP2 GARMT G ATOR2 g ATD S BTNy PINMR  PTHMT CHMO26 y CHNOZC s CHY0A2 1 C1IMOAT
EaHMKAZ2 s HMK ALy THHOTIK y THPO UK

COMHON/RCHYAR/CGLRL100) 4 BODAL100) o HODKG (100 o MHIK(1D0) ¢ AO2K(100) 0" -

¥EXTK{100) yDOK2C100) o HMEIK(100) s HM2K(100) s HMNIK(L100)
XePOUK(109) e NDIK(100)
COMMON/TEMPER/TEMPAY s TEMREACLO00) 9 SATREACLON)

REAL NH3KyNO2KsMPOUdsMINDIeM2NO3 o TO MRy IBARY ML

REAL NO3K

REAL NOREFR .
COMMON/OPTION/IFNSIK2¢1COL v ICOMB IHM3 4 INO29INO3 ) IPOUWTIALGYIFIRST
COMPEON/ORPTA/ZIP s ITHHeIN2y INGS

COMMON/DEL TAS/DELCOL »DLARODDDLBONSDBUDAGDRODARNDBODAS DBODADY
H*ORODBReNDNHIBD ¢ DMNHIADNRHEVINMHIAGIDNHIARSDINHIBRIDNNPHI W DNC220NA3NADY
XDNOSHIZONDSO2 1 DONDIAGIDNOZARYDONOIBRDPOLBDIDPNUYAGDPOUARyDPOUBRY
ADELAYDARESoDALSNKYDADTHeDELOYWONEED 1 QGIVE

DIMENSION DELTS(1)

EQUIVALENCE (DELTSDELCOL)

DATS BLANGASTER/L! t,tx1y

DELCOL 18 CHANGE IN COLIFORM CONC, DUE TO DECAY(GROWTH) (~0R+)
DLBOOD 1S CHANGE IN BOD CONCe DUE TO DECAY(=)

OLBODS IS CHANGE IN BOD CONCy NUE TO SETTLIMG(w)

DBODAG 15 CHANGE IN HOD CONC, DUE TO ALGAL GROWTH(+)
DBOLAR IS CHANGE IN H0D CONCy DUF TO ALGAL RFSPIRATION(e
DBODAS IS CHANGE IN BOD CONC, DUE TO ALGAL SETTLING(w)
0DBODAD IS CHAHNGE IN BOD CONC, DUE TO ALGAL NEATH(#)
DRODABR IS CHANGE IN BOD COMCe DUE TO BENTHAL RELEASE(#)
DNH3BD IS CHANGE IN NH3wN CONC, DUE TO BOD DECAY(+)

DNH3I | 18 CHANGE IN NH3mN CONCs DUE TO WH3 DECAY (=)

ONH3V IS CHANGE IN NH3anN CONCe DUE TO HNHZ VOLITIZATION(=)
DNH3AG 1S CHANGE IN NH3=N COMC, DUE TO ALGAL GROWTH(=)
DNH3AR 1§ CHANGE IN NH3aN CONC, DUE TO ALGAL RESPIRATION(+
DNHSHBR IS CHANGE IN NHi=N CONC, DUE TO RENTHAL RELEASE(+)
DNOPH3Y IS CHANGE IN NOQ2wN CONC, DUE TO NHY CECAY(#)

DNO2 IS CHANGE IN NO2w=N CONC, OUE TO N0O2 DECAY(=)

DNO3BD 1S CHANGE IN NO3eN CONC, DUE 10 80D DECAY(#)

DHO3HY IS CHANGE IN NO3ew CONC. DUF TO M43 DECAY(H)

DNO3Y02 IS CHAMGE IN NO3wN CONC, DUE TO NN2 DECAY(4)

DNO3AG IS CHANGE IN NQO3eN CONCo DUE 10 aLGAL GROWTH({=)
DNDJAR IS CHANGE IN NO3eN COMNCs DUE TO ALGAL RESPIRATION(¢
ONLY 30 CONSECUTIVE COMMENTS ARE ALLOWED

FAKIT=1, :

DNOIRR IS CHANGE IN NG3eN CONC, NUE TO HEWTHAL RELEASE(+)
DPOURD IS CHANGE IN PQUeP CONCy DUE TO 50D DECAY(4)

DPOUYAG IS CHANGE IN POUwP CONCo DUF TO aLGAL GROWTH(=)
DPOUAR 1S CHANGE IN POUmP . CONCy, DUE TO 2LGAL RFSPIRATIOM(+
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366,
367,
368,
369,
370,
371,
372,
373,
374,
37%,
Y76,

377,

378,
379,
380,
181,
382,
383,
304,
188,
386,
387.
388,
389,
390,
391,
392,
393,
394,
395,
396,
an7,
398,
399,
QOO.
401,
402,
403,
404,
408,
406,
407,
408,
409,
410,
ai1,
412,
413,
414,
48S,
416,
417,
418,
419,
420,
421,
U22,
423,
424,
425,
. 426,

AOOOODAOAOO0O0 O

(s NeRel

(e ReXx)

10

(s XaXel

[ e L L RS

i

DROUBR 1S CHANWGE TN PNdep | CONG, DUE T RENTHAL RELLASE(H)
DELA 16 CHAMGE IN PHYTOPLANRTON CONC, DUF TO AROWTH(4)

DARES IS CHANGE IN PHYTORLANKTON CONC, DUF TO RESPIRATION(e)
DALSNK IS CHANGE IN PHYTOFLANKTON CONC, QUE TO SINKING(=)

DADTH IS CHANGE IN PHYTOPLANKTON COMG, DUE TO DEATH(MATURAL$TOXIC

DELO 1S CHAMGE IN DO CONMC, DUE TO ALL REACTINYS(+DR=)
OMEED ™ 18 CHANGE IN DO CONCy NUE TO ALL OUXepEMANDS(e)

OGIVE IS CHANGE IN 0O CONC, DUE TO ALL OXaGENEKATIOM(+

IF(IFIRSTNE,t)Y GO TO 8

. NOUT=6

IFIRST=0

RODST=RODC*L2, /HODPC

RODMWREHBADN*14,/B00AT

BOORWR=32,/6000T

FACI1=BODOWXMOREFR/ (APR¥BODPHR)

CONTINUE . :
IF(IBUG,EN 1) WRITE(NOUT«1023) TMDeIOWDELTsDEPTHICOL 1 RODINHT,
ANO2INOIWPOUALGeDOYHML ¢ KMy HMSW TOTN

00 9 I=1,33

DELTS(I)=0,

DNU3DS=0,

DPO4DS=0,

bon=0,

DOBEN=O,

TCOR=TEMREACIND) =20,

CALCULATE FACTNR TO HE APPLIED TO RELEASE RATES, .RATE AT SURFACE
IS HALF OF RATE AT BOTTOM, RATES ARE. MULTIPLIED 8Y 2,5 ID DO IS
LESS THAN ,§

FAC2=(1,=NEPTH/ (2. ¥RESEL)I)*DELT

1E(DO,LT,,5) FAC2=FAC2%2,5

XX=DVOL(IND) ]

IFCIND,EQNUME) XXzyTOP

FAC2=FACR%8QT/(1000,%XX)

IFCICOL,ER,0) GO YO 10

CALCULATE COLIFORM CONCENTRATION CHANGE DUE 7O DECAY(GROWTH)

XTEMP=COLK(IND)*THKCOL*¥*TCOR

FACHMIZHM = CHMOC

FACHM2=HM2=(HM02C

FACHMIZHM3aCHMD3C

DELK=ABOD*ROD

IFLFACHME ,GT,0,) DELK=DFLK$AHM 2FACHUY
IF(FACHM2,G7,0,) DELK=DELK+ARM2EFACHNM?

IF(FACHME ,GT.0,) DELKSDELK+AHIS¥FACHNMT
IFC(ABSIDELK) 4GT ABS(XTEMP)) DELK=SIGM(XTEMPIDELK)
XXX TENP+DELK

DELCOLSCOL® (EXP{wXKXDELT)m1,)

IFCINUG,EQ,1) WRITE(NOUTs1008) XTEMP¢FACHMYWFACHM2 FACHMI o DELK Y
*¥XKsDELCOL

CONTINUE

IF(ICOMB,EQ.18) GO 7O 110

IFCICOMB,GT,L11) GO YO 20

CALCULATE BOD CHANGE DUE TO DECAY AND SLTTLING
XTEMP=HODK (IND) * THKLOL**TCOR

DLBODDSBOD®(EXP (aXTEMPENELT)=1,)
DBOTOTRBOD* (EXP( (e XTEMPuBONKS(IND))I¥DELT)wl,)
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427,
428,
429,
430,
431,
432,
433,
11311.
435,
~ 436,
a37,
438,
439,
440,
444,
442,
a4a3,
a4,
005.
446,
auy,
48,
449,
450,
451,
use,
453,
454,
455,
456,
4s7,
458,
459,
860,
461,
462,
463,
/bU,
465,
466,
467,
468,
469,
470,
ars,
412,
473,
474,
a1s,
476,
4717,
u78,
479,
480,
461,
48e,
483,
484,
" 485,
486,
487,

3OO0

15

20

(s XN 2]

25

30

[+ Xz Xe)

0LBODS=DBOTOTnDLHODD
TFCIRUG,EQ, 1) WRITE(NOUT1009) XTF“P!OLDODDanBOOQ
ONEED= 0NEFD+DLHGDD

CALCULATE CHANGES IN PDaoNM3s AND NO3 DUF TO BOD DFCAY

ROOMTL=ARS(DLBOCD) /BODOG
BODMC=RODMTLRNCREFR

IFCIPQULEN,§) DPOURPR=KONDMC*BODPHR
IFCINKBEQ,0) GO TO 1S
DNHABD=BNDMC*¥BODNYR

‘G0 TO 20

CONTINUE

IF(IND3LEQRL0)Y GO YO 20
DNOZHDZACDMLCFBODNAR
ONEED=ONEED=ONO3BD®0,33

CONTINUE

IF(ICOMBOLE 11 ¢AND, IBUG,FEQel) WRITE(NOUTs1010) ONHIHDDMOBBD,
¥DPOUBD ONEED :

NITRIFICATION DOES MOT OCCUR IF DO IS LESS THAN 2 MG/L
IF(DO,LT,2,) GO TO 40

IFCINH3 EQR.0) GO TO 30

NH3 DECAYS TO EITHER NO2 OR NO3J

XTEMP=NHIK(IND) X THKNHI*¥ETCOR

TEMPY{=XTEMP#DELT

IFCINH,EQ, 1) DNH3IZNHE%(EXP(=TEMPi)=1,)
IFCINHOED 2) DNMHIS(oTEMPI¥NHI*X2) /(| ,+TEMP1*NHY)
IFCINU2,EQ,0) GO TO 25

ONEED=ONEED+3,22%DNH3

DNO2hizeNHY

GO0 T0 30

CONTINUE

DNO3INI=wDNKY

ONEED=ONEED+4,33%DNH3

CONTINUE

IFCIBUG,EQ, 1) WRITE(NOUT1031) XTEMP, DNH};DN02H300N03H3oOMFED
IFCING2,EG.0) GO T0 35

NO2 (AVAILABLE AT TRE STARY OF THE STEP) DECAYS TO NO3

XTEMP=NO2K (IND)*THKNH3I*XTCOR

TEMP{=XTEMP*DELTY

TFCIN2,EQ 1) DNO2ENOP*(EXP(=TEMPI)=],)

IFCIN2,EGQ,2) DNO2=(=TEMPI*«NOZ2xx2)/(1,+TEMP12NO2)
DMO302==0NN2

ONEED=ONEEDN4+t,11%0ND2

IFCIBUG,ER,1) WRITE(NOUT«§012) XT&“PQDNOZvD\“SOE'ONEED
CONTINUE

IF(INO3,ER,0) GO TO 33

DECAY (SETTLING) OF NO3

ONOS0S 1S CALCULATED IN ([AKCON
DNO3NS=SD3IOND

IF(ABSC(DND3DS) 4GT, »9#NO3) DNUSDS==,9%N03
CONTIMUE

IF(IPD4,EQ,0) GO TO 34

DECAY (SETTLING) OF PO4

g L Ll L L R e it e R R N L I R
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aBb,
489,
490,
49t,
492,
493,
494,
496,
4917,
498,
499,
500,
501,

502,

503,
504,
505,
506,
S07,
508,
509,
S§10,
S11,
S12,
513,
S{d,
S15a.
S16,
517,
Si8,
519,
520,
5214,
522,
523,
524,
525,
526,
527,
528,
529,
530,
531,
533,
534,
S35,
536,
S37.
538,
539,
540,
sS4y,
542,
S“;.
544,
565,
S46,
S47,
548,

¢

OO0

40

OO0

anoown

60

XTEMPRPOAK(IND)ISTHROAK XTCORFDELT

TF(IPLEQ,1) DPOLGNSSPOUR(EXP(mXTEMP)Yw],)
IFCIPLENGR) OPQUDSE{aXTEMPYPUURK2) /L] (X TEMPPON)
CONTIMUE

IFCINUGEQeL) HWRITEINOUTS1025) DNO3DS+DPOADS

VOLITIZATION OF NH3

IF(VOLITK,EQ,0, LOR, INH3,EQ,0) GO Y0 40
IFCIND(NE NUME) GO TO 40

DNHAVE (e HHI* (VOLITKFEXP (THVOLK¥TCOR) ) Y*DELT
IFCIRUGEG, 1) NRITE(NCUTY1013) XTEMPyDARIY
CONTINUE

IFCIALG,ER,0) GO TO 90

CALCULATE PHYTOPLANKTON(ALGAL) GROWTH

IF(10.E0.0,) GO TO 70

GRMAXTZGRMAXKTHGRMX¥¥TCOR

FHM{=q, )

IF(HML4GT ,CHMOA ) FHMIZEXP(aHMKA x(HMiaCHMOA ))
FuMe=1,

IF(HM2 ,GT,CHMOAZ) FHH2ZEXP (mH1KA2X(HMR=CHIOAR))
FHME=Y

IFCHM3 6T ,CHMOAZ) FHUAS=EXP (wHMKAZ*(HM3~CHMOAS))
FHMZAMING (FHMY FH42 (FHHS)
FP=(POU/(HPOL+POUII®(HNOS/(MINOISE+NDS))
FNO3=NOZ/(M2NOIENOS)

FNH3ISNHI/ (MNH34NH3)

TFCIFNGENG2Y  FENSAMAXL{IFNOZ FNH3I)

IFCIFNGEN GO oORe  IFNGE@WL) FNEIFNFENHI+ (1 IFN)FENOT
IF(IBUG,EQ 1) WRITE(NOUT1014) FHMeFPFNOSoFNH3 FN
1BAR=10/PDL

FL=IRAR/ (ML+IBAR)

FLIMSAMING(FPyFNyFL)

GRLIMZGRMAXTXFHMYFLIM

DELA=ALG#GRLIM&«PDL¥DELT

IF(IBUG.ENG1) WRITE(NOUT#1015) IBARGFLIGRLIMIDELA
CONTINUE

CALCULATE CHANGES IN BODPOUINDO3s AND NH3 DUE TO ALGAL GROWTH

IF(ABS(DELAY LT, 400008) DELA=D,
DBODAG=DELAYFACY

IF(ICOMB.6GT411) DOBODAG=0,

DPOUAG=~DELA/APR

IF(IBUG,FQ, ) WRITE(NOUT+1016) DRODAGINPOGAG
IF(ABS(DPOLAG) ,LE.PO4) GO TO 55

DELA= ,9%DELA

GO T0 50

CONTINUE

DNy THE NITROGEN DEMAND. 1S POSITIVE
DNs«DPOUAG¥BODNWR/BODPWR

IFENN,GT, 49%¥NO3)- GO TO 60

DNO3AGSwON

ONHIAG=0,

GO Y0 790

CONTINUE

IFCINHI NE,O0 LAND, DN,LE, ,9%NO3+,R¥NKH3) GO YO 65
DELA2,9%DELA
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549, GO 10 S0

550, 65 CONTINVE

551, DHOBAGE=,9¥NO3

552, DNHIAG=w (DN+DNDBAG)

553, 70 CONTINUE

554, 0GIVE=OGIVE+DELA¥HODON/ (APRFANDPWR)

555, IFQIBIG KN, ) WRITE(NOUT1GLT7) DNOIAGDNHSAGIOGIVE

556, 4 ’

557, ¢ CALCULATE ALGAL RESPIRATION GUANTITIES

558, c

559, ARRSMR¥TEMREA(IND)

560, © DARES=@ALGHARREDELT

561, OBDDARZDAKES¥BOR0G/ (APRIADDPAR)

562, IF(ICOMB,GT,11)  0OBODAR=O,

563, DPUYARZ-DARES/APR

Sad, ONEFEDSONEEDSDPNAAR¥BOROB/BODP R

565, IFCINM3,EQ,0) GO TO 7%

566, DNHYARSDPOUARIBODNAR/BUDPWR

567, GO YO0 8o.

568, 75 CONYINUE

569, DNDIARSDPOUARABODNWR/BODPUR

570, ONEED=ONEED~DNO3ARF 4,33

571, 80 CONTINUE

572, 1FCIBUG,ER, 1) WRITE(NOUT§018) DARES1DBIDARINPOUARDPNHTIARIDNOZARY

573, *ONEED

ST4, [+

575, c CALCULATE ALGAL SINKING AND DEATH TERMS

576, c '

577, XDEP=SDZ

578, IFCIND,EQ NUME) XDEP=DZTOP

579, . DALSNK=~ASREALGHDELT/XDEP

580, . 1F(I1COMB.LE,11) DRODASSDALSNKIFANY

584, DALMNOSmAND¥ALG#DELT

582, FACMIZHMInCHMNA

583, FACM23HMP2=CHMOAR

584, FACMISHM3aCHMOAS

585, FACX=0,

586, IF(FACMY,GT,0,) FACXZATDXFACHM]

587, IF(FACM2.6T,04) FACXRFACX+ATDE¥FACM2

588, IF(FACM3,GT,0,) FACXIFACX+ATO3I*¥FACHS

589, DALYOX==FACX*ALGYDELT

590, DADTH=DALND+DALTOX

591, IFCIBUG,ED 1) WRITE(NOUT,1019) DALSNK,DBODAS,CALND «DALTOXeDBODAD

592, 90 CONTINUE

593, c

594, c CALCULATE BENTHAL HELEASE TERMS

595, [ :

596, IF(ICOMB.LT,11) DUONBR=UWRRRCDAFAC2

S97. IF(IPOULER.0) GO TO 9¢

598, DPOUBR=HRRPOUKFAC?

599, 91 IF(INH3,EQ,0) GO 70O 92

600, DNH3IRKRZARPNHIXFAC2

601, GO 7O 95

602, 92 IFCINDI EN,0) GO TO 9S

603, DNOJIBRSHRRNHI*®FACZ

604, ONEEDN=UNEED=4,33%0NN3BR

605, 95 CONTINUE

606, IFCIBUG,ER1) WRITE(NOUT«1020) DBODHBRINPOUHR(DNUIHRRIDUHIBRIONEED
© 607, c .

608, c CALCULATE OXYGEN REAERATION TERM AND BENTHAL DEMAND TERM

609, c
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610,
611,
612.
613,
6114,
615,
616,
617,
619,
620,
()21.
622,
623,
624,
625,
. 626,
627,
628,
629,
63,
631,
632,
633,
634,
635.
63()'
637,
638,
639,
640,

Lne
e

6U2,
643,
644,
645,
646,
647,
643,
609,
650,
651,
652,
653,
654,
655,
656,
657,
658,
659,
660,
661,
662,
663,
668,
665,
bbb,
. 667,
668,
. 669,
670,

9

6

97

aoo

QOO -

(e R Ko

IFCIND (NEGNUMEY GO TO 96

DMZ2,0541 , 0372 TCOR/L,E3

XKaNN/{P00 =60 ,4505T(WIND))

XK=XK*3600,

TY=2TEMREACIND)
DBATS(J0,62-~(,309BETT)H{ 0069095 TT242) (000058972 TT#%3))
k3 (1,0 ,000000697FELEV)YEXS 167)

ASLOF=(ATOPZATOR) /24,

VSLOPR(VTONRAVTIOP) /24,

VORVTOPH CHHOUR=DELT) ¥VSLOP
CAOZATOP 4 (DHOURSDELT) #AS1,0P

ATZADFDEL T*ASLGP

VI=VO+DELT*VSLOP

XX2AD/VORAT/VT

IF(IBUG,EQ,1) WRITE(NOUT11026) DMy XK WINDyTT 0SAT(ASLOP ,VELOPAD WY
PO AT VT XX

DON=(OSATADOY {1, m(VO/VT)FEXP (=, S#XKEXXSDFLT))
OGIVE=OGIVE+DOD '

CONTINUE.

DOBENZRENODRY ,07#*TCORF (1 ,=EXP(w{,22%D0))*FAC2
DOBEN=wDOBEN ,

IFCDOLLTs o5) DOOBEN=ZDOBEN/2¢S

ONEED=ONEED+DOBEN

CONTINUE

DELO=ONEED+OGIVE

IFCIRUG,EQL1Y WRITE(NOUT1021) XK 4DODsDOREN+OGIVE +ONEENDELO
IF¢(bELO,GE,0, LOR, ABS(DELO),LE,DU) GO TO §{0

OXYGEN DEMAND EXCEEDS SUPPLY, REDUCE ALL REACTIONS,

OFAC=D0/ABS(DELD)
IF{IBUGIC L) #RITI(NOUT 10222 OFACIND
DLAODD=DLBODD*OF AC
DPO4UD=DPOURD#DF AC
DNHABDSDNHIKRD¥NFAC
DNO3RN=ONOIHNOFYOF AC
ONHITONKIKOFAC
DHNOPHIEDNO2N3I¥OFAC
DNO3RI=ONOZHI*OFAC
DNOZ2=DND2X0FAC
DNOZ02=DNO302*0FAC
DARES=DARES*QFAC
DPOUAR=DPOGARYQF AC
DNO3ARZDONOZARXQFAC
DPOURR=DPNURRXOFAC
DNOIHRZDONOIHR*OFAC
DBODAR=DBGLARAQF AC
DNH3IAK=DNHIAR®OFAC
DNHINRSONHIRR¥OF AC
DELO=zeDO

CONTINUE

REAVY METALS

DELHMISHMI S (EXP(@HMIK(IND)*DELT)my )
DELHMPEHMRX(EXP (=t 2K (IND)¥GELT) =1 y)
DELHMIZHMIR(EXP («RYIK(INDIFLELTY=1,)

IFCIBUG,EN,1) WRITE(NOGUT10GT) DELHMEWDELKM2 4 DELHM3
FORMAT (! DELHM{ ¢DELHM2eDELH»3=143E16,8)

UPDATE CONSTITUENT CONCENTRATIONS
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671, -C

672, COLE=COL+NELCOL

673, BODESHOD+DLAHONDNLAONS+DRODAGLDAODAR+DBODAS+DRUNADFDBODKR
674, NHIEENHILNNHEIAD EDNHI+DNHIVADNHIAGH+DLHIARSDNHINR

675, . NU2E=MNDR+DEO2HTI4DANOP

676, NOZEZNCE+DMOSIDIDNOIHIFONOIO24DNOSAGHRAOZARFNNOIRRENNOINS
677, POUE=POG+DPOLEDIDPOUAGHDPNUAR+DPOUBR+DPOUDS

678, ALGEZALG#DELA+OARES+DALSNK+DADTH

679, DOE= DO+BELD

680, MMEE KM+ DELHMY

681, CHMDEZHMA$ OELHND

682, HM3E =M+ DELHMS

683, HMESHI' L EAHMZE 4 HNTE

684, TOTMESNHAESNOZ2ESNOLELRONEXRODAMWR/BODOQ

685, IF CIGUGFUW 1) WRITE(NOUTI024) INDeCOLE ¢ BODE «NHIF W NO2E WNOJE ¢POLE
686, EALGE ¢DOF g HMEE o HMP2F ¢ HM3E 4 TOTNE

. 687, c UPNDATE THE CONCENTRaTIONS OF ELEMENT [NO=1! DUE TO SETTLING AND
688, c SINKING FROM ELEMENT IND

689, IFCINDLEN, 1) RETURN

690, XX=DVOL(IND)

691, IF(IND,EQ,NUME) XX=VTOP

692, YYZAREA(IND#Y)

693, IFCINDLERGNUMEY  YY=ATOP

694, RAT=XX¥AREACIND) Z(DVOL(IND=1)*YY)

69S, IFCIBUG,EQ,1) wRITE(NOUT«1027) RAT

696, DCONCINDw] 9 2)=m (DLEODS+DBODAS) 2RAT

697, DCONCINDw196)c«DPOUNS*RAT

698, DCON(INDw 0 7)=nDASNK¥RAT

699, DCONCINDm{ s 9)=mDELHYI*RAT

700, DCON(INDm1410)==0DELHMRASRAT

701, DCONCIND» o1 )=wDELRMI*RAT

702, IR CPIHMY G NEL0,) DCONCINDwl ¢ 18IEDCOMIINDa] D) 2P THMY

703, IF(PIHM2 ¢ NE 40 e) DCONCIND*1¢1S)SDCONCINDw]v10)*¥PIHM2

704, IF(PIKMINE,0,) DCON(INDale16)= DCON(IND-1 1{)RPIHMS

705, RETURN

7064 c

707, c

708, c THE FOLLOWING ARE DEBUG FDRMAT STATEMENTS

709, [of .
710, .C

711, {008 FORMAT(?Y XTEMP FACHMY sFACHM2yFACHM3=t 4 UE16,8/7' DELK XK DELCOLS !
712, *¥3F16,8)

713, 1009 FORMAT(! XTEMP,DLBODDDLAODS=143F16,8)

T14, 1010 FORMAT(! DONM3IBD«DNOBHDDPOUKDYONEED=10UE16,8)

715, 1011 FORMAT(! XTEMPIDNKI(DROPHI JDNUSKIZOREFN= 1 45FE16,8)

Ti6, 1012 FORMAT{! XTFHMP+DNO2¢DNO30P 1 ONEED=104E16,8)

717, 1013 FURMAT(! XTEMPDHR3VE!2E16,8)

718, 1014 FORMAT(! FHM FPFNOZWFNHIZWFRE) 45F16,8)

719, 1015 FORMAT(! IBARWFLsGRLIMeDELAZ!I v UEIL,8)

720, 1016 FORMAT(! DBNDAGINPOUAG=12E16,8)

721, 1017 FORMAT(! ONOJAG.ONHIAGHOGIVES! ¢3E16,8)

722, 1018 FORMAT(! DARES +DLODARIDPOUARY UNH3AR;DN03AR".5€16 8/

123, ¥t ONEFD=z'yE16,R)

T24, 1019 FOURMAT (! DAL%VKoDBODAS DALNOvDALTOX'OBPDAD-I,5516 8)

125, 10°0 FORMAT(! DBODBRWDPOYRRINNOIERIDNHIBRINNEFD=) ¢SF16,8)

726, 1021 FORMAT(! XXyDUD+OOBENIOGIVEsOEENDEI.O=106E$6,8)

127, 1022 FORMAT(!) FACTOR =19E16,8¢1 UGN REACH!]IS) .
. 128, 1023 FORMAT(//!) INITIAL CONDITIUNS FOR REACH! IS/t IO(DELTWDEPTHEI43F(2
729, ¥,4/ .

730, . ®1 COL+BODeNHI ¢ NOPoND3I=1o5E16,87

13]. *1 PO“QALGH)O“"},EX(\.&/
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732,
733,
734,
735,
736,
7371,
738,
739,
740,
741,
742,
743,
744,
745,
746,
747,
748,
- 749,
750,
151,
752,
753,
154,
755,
756,
157,
758,
759,
760,
761,
762,
743,
764,
76S,
766,
167,
788,
769,
770,
774,
712,
773,
714,
775,
16,
177,
778«
179,
780,
784,
782,
783,
184,
785,
786,
787,
788,
789,
© 790,
798,
792,

1024

1025
1026

1027

‘oo

80

B1OHML oMM MRS TOTAS g tik A, A2/)

FORMAYC/E FINAL COMDITICHS FOR RFACHT P IS/ COLeBODeMHZ M02 1 M032105
$E16,8/) POULALGIDURt 3E 6,8/ .
UMM HMR G HM T, TOTH Rty ub b 0//)

FORMAT (! DNQICSyCPOUDSS1ePE16,8)

FORMAT(! DMaXKowIMD)TToOSAToASLOP= ! ¢ 6F16,6/1 VSLOPAQ VO AT VT,
*XX=H16ELh,B)

FORMAT(! RAT =14FE16,8)

L"")

SUBROUTINE LAKFOV
CO“iO\/COMH&G/CUNbTR(13)/C0NEND/CUVSTP(13)
TCOMMON/OPTION/ZTIFEN(A)Y s INQBy IPOUTALG
COMMON/COMNST/THROL (34) o PTHML o PT {2y PIHUICHMO2K(H) » THNOIK
COMIUON/RCHYAR/COLK(1100) yNC3K(100)

REAL NO3K

COMMON CINFLOC36S+16) 1CLAK(I00016) oSPACECTUANY ¢IVICLIO0)Y1RVO(I00)
*¥OCUN(100010)

COMMON/OPT2/INHEAVY 2 ITOTN

COMMONZLAR/ZKCON DU EL1E2 s NOWDAY s SDZ e DZTOPYWATOPVTOR W NHOURWPDL
®DMO3DS

COMMON/NDV/AL () s OELTWDAINCTIvEXCOVGMAX(23) ¢ NUMyNUME ¢ NUMP (6) ¢ RESEL
EQUIVALENCE (GMAXL{7) e IMIX)

COMMON/DRYG/ZIRYG
COMMOMZARLK/ARARC20N) »AREAC200) 4NE(H00)sDVOLC200)9DZ(LONY4BHI(200)
X p0HOC1000) o VDL (200)9Z2(200)9ZMMID(200)

COMMON/FORGNT /ILKAST(L00)

COMMON/TEMPER/TEMPAVSTEMLEV(100)

DATA LANKGISTER/Y Veti¥iy

DIMENSION IHRSAV(100)

DIMENSION PRTHMAS(16)

REAL 1BRSAV

REAL IBaR? .

REAL IBOT,ITOP

COMMOM/OPTI/IP INHyIN29INT

COMMON/ZLAKR2/LAKP (U)o« IFIRST

CALCULATE VERTICAL FLOWS IN AND QUT OF EACH ELEMENT
Qvi(i)=o,

QVO(§)=qaHI(1)=KO( )

DO § I=2¢NUME

QVOCIIROHICII+OVO(Imt)wGHO(T)

GvI(1y=Qvo(l=1)

OVO(NUME)=0,

1IF{IBUGL,EQ,1) WRITE(6¢1000) GV]I,QVO

DO 2 1={+NUME

DO 2 J=1sXCON

DCMN{T4J)=0,

CALCULATE CONCENTRATION CHANGE DUE TO DIFFUSION

FIND THE THERMOCLINE

NTHERMaY

DTDDOM=0,

DO 80 Is2¢NUME

Dh=502

1F (1 EQ,NUME) DD=NZTOP

VARS(TEMLEVLI)=TEMLEV(I=1))/DD

IF(VAR,LT,DTDDM) GO TO 80

DTDDM=VAR

NTHERMR 1w}

CONTINUVE

IF(IBUG,EQ,1) WRITE(6y1009) DTDDH¢MTHERM

DO 4 IslenUM

E=Ey
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793,
794,
795,
796,
797,
798,
799,
800,
804,
aoe,
803,
804,
805,
806,
807,
808,
809,
810,
811,
gle,
813,
8{4,
815,
816,
817,
818,
819,
820,
821,
8224
B23,
A4,
825,
826,
827.
828,
829,
830,
831,
832,
833,
834,
835,
836,
837,
838,
839,
840,
8dl,
842,
8as,
844,
845,
846,
847,
848,
849,
850,
851,
852,
853,

T L LT R e K R o L L b T L e R I SO

£ u

10
20

(2R NeXe RY)]

PEUNPRR R S

IF(T LE,NTHERM) E=Ep

D27=28Nn17

IF(I EQNUMY D2Z2DZTOP

XVOL=0VOL(I+t)

TF(I.EQ NUK) XVOL=VTOPR

FACZ2,6EXAREA(CT+L)/(SDZ+DZT)

IFCIBUG,ENG1) WRITE(H931006) IeIMIXeFsARFACIIWDZZyFACIOVOLCY)
DO 3 J=1¢XCON
DELMASEFACH(CLAK(T o JIwCLAK(T+10J))¥DELT
DCON(Ted)=0CGNCTIod)mDELMAS/DVOL(T)
OCON(I414J)=DCONCI+L 9 Y4DELMAS/XVOL

CONTINUE

IF({IBUG,NELY) GO TU S

WRITE(Hs1001)  ((DCON(IoJ) o J= e KCON) oIy NUMY
CONTINUE

CALCULATE CONCENTRATICN CHANGE DUE T0O MASS ADDITION
00 20 I=1)NUME

FLOIN=QHI(I)

TFCOVICI) GT,0,) FLOINZFLOIN#QYVIC(T)

IF(OVOCTI) WLT,0,) FLOINEFLOINSGYVOC(])

FLOUT=0OHO(T)

IFCOVICI),LT,0,) FLOUT=FLOUT=QVI(I)
IF(OVO(I)WaGT,0,) FLOUT=FLOUT+RVOC(T)

XVvNL=DVOL(T)

IFCILEQ,NUNME) XVOL=VTOP

XVOL1=XVoL

IF(IEQMUMEY XVvOLI=vTIOP+(FLOINFLOYTI*DELT
FACI=SXVOL/XVOLY

IF(IBUG.EN 1) WRITE(6+1007) I+FLOINYFLOUTyXVOLIFACY
DO 10 J=§,KCON

CHMS INGAHI(TI*CINFLOCNOWDAY o JI*DELTY

MMSOUTZONOCTIRCLAKL Y J)#DELY

" VMSINZO0,

IFCQVICI)a6T,40,) VMSIN=QVI(I)*CLAK(I~1yJ)*DFLT

IF(QVO(I) ,LT,0,) VMSINSYVMSINZQVO(II¥CLAK(I®],J)*DELT

VMSQUT=0,

IF(OVI(IYLLT04) VMSOUT==QVICI)*CLAK(I J)Y*DELTY

TE(RVOCTL) GT,0,) YMSOUT=VHSOUT+OVOC(II*CLAK(T4JIXDELT

XMADDIHMS INVVMS INAHMSOUTeVHSOUT

PRTMAS(J)=xMADN/XVOLY

FIXERR=DCON(I J)OXHAOD/XV0L14FAC1*CLAK(IvJ)

DCOM(Y e d)RFIXERR

IFCIBUGLEN, 1) kRITE(6,1008) PRTMAS

CONTINUE

DO S0 1=t NUME

DO SO0 J=§+KCON

CLAK(T+J)=DCON(IJ)

IF(CLAK(IvI)4LT,04) CLAK(IsJ)=0,

DCON(IeJ)=0,

SEY UP INTERFACE FOR GETCOM

CALCULATE AVERAGE LIGHT ITENSITY AT SURFACE IF MODELING ALGAE OR
IF SIMULATING ALGAE WITH NUO3 KEMOVAL, FXCO IWNCLUDES ALGAL
EFFECTS IF NOT MODELING ALGA&. EXCO DOESHNIT IF MODELING ALGAE,
AVINT=0,

XHOURSNHOUR

IF(TALG+INUZ,NF,0) CALL GETAVI(NOWDAY»XHOURWNPELT/3H00,4AVINT«PDL)
IF(IBUGLER,1) wRITE(6+§002) NOWDAY o NHOURGAVINTPOL

AVSAVZAVINT

IBOT=AVINTY

0O 30 JBAC={¢NUME

JENUME® JBACH]
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915, IF(VI NEL0,) BFACSVOLMIX*BGONO3/ VI

9ib, IFCIBUG,ENLL) aRITF(641005) AVNOT XNOZ9AVTEM TMIXyVOLMIX X TEMPY
97, CHGONQSWEFAC VI (IBRSAVIIL) v JLE 1P NUME)
918, 1000 FORMAT(! nvleQvdz1/(10F12,4))
919, 1008 FORMAT(Y DCONZV/{TFB,59FR,11BF8,5))
920, 1002 FORMAT(! NOWDAY s unQURAVINTIPOLEY o 2]502E16,8)
928, 1003 FORMAT() XKyITOPLIBOT,THK=14UEL6,8)
922, 1004 FORMAT(! DEXsDERP DU MDUWNLAYZ 93F16,8¢2110)
923, 1005 FORMAT(! AVHOSR YNOZJAVIEM THEIXoVOLYIX= o 5E16,87) XTEMP ERNHO3WAFAC
924, FoVI=tallE1h 6/ IBRGAVE!I/Z(BE1648))
92%, 1006 FORMAT(Y ToTMIXeEeAREAIDZZAFACIDVOL=112]345E15,8)
926, 1007 FORMAT(! T4t L CIH FLOUT XVOLFACI=1415)0E16,8)
927, 1008 FORMAT(! MASS ADRDED!/(BE16,8))
928, 1009 FORMAT(! DTODMyNTHERMZ 1 EL16,64110)
929, b6 CONY THUE
930, DNOZDS=BFACXIBRSAV(J)
931, 70 CONTINUE
‘932, CALL GETCONCAVINT DELT/3600,0JeZMID{J)80T)
933, DO 37 Ji=ftelt
93u, 37 CLAKCJ+JL)=CONSTP(JL)
935, IF(PIHML (MEL0,)  CLAK(JIy1®)=PIHMIXCLAK(J Q)
936, IF(PIHM2,,HEL0,) CLAK(Je15)=PIsH 24CLAK(J110)
937, IF(RIRMILNE,0,) CLAK(Jr16)=PINMI*CLAK(J1])
938, LKAST(J)=LANK
939, IF(ITOTN,EQ, Y LAND, CONSTP(13),GT,CLAK(J¢12)) LKAST(J)=ISTER
940, 30 CONTINUE
94y, DO 55 I=§,NUMNE
942, DO §5 J=1yKCON
943, 55 CLAKCT9J)=CLAK(TeJ)+DCON(T )
944, RETURN
945, ) END
9as, . SURROUTINE NEWIN )
Gu7, COMMON/ABLK/ABAR(2000) y TEM(Y)
948, COMMON/CONST/THKEOL ¢ ABOD ¢ AHM e CHMOC « THXKNHT o VOLITKe THVOLK «BODC s
49, X¥BODNIBODPCeBODOQ¢NUREFRyGRMAX s THGHMX o CHPQA s HMKA ¢ MPOG 9 {ANSIM2ND Sy
950, *MNH}-MLoAPRvNRoASRoAND-ATD-BRHBooyaRRPUQ.BRRNHSnBENUD
951, X ARMR g AHMT G ATD2¢ATDZ¢PTIHMY JPINMR2 ,PTHMIyCHMURE yCHMOIC ,CHM*NAR2 1 CHMOAS
952, o HMKA2 s HMK ALy THNNIK» THPDUK
953, COMMON/ZHDY/ZFILLC1T) ¢ IDAY(FIL2(T7) LOAYMAXE
954, COMMON CINFLO(36%416)91CC100016)
955, DIMENSIOH ZERO(1)
956, EQUIVALENCE (ZERO,CINFLO)
957, COMHMON/LAK/KCONeDUWELE2
958, COMMON/LAK2/DZTORP2(3)+ELLEVIIFIR
959, DIMENSION ARCON(Y)
960, EQUIVALENCE (ARCOMNeTHKCOL,)
961, COMMON/MISC/XLATWNDAYY
962, - DATA NIeNJ/S%e6/
963, COMMON/RCHVAR/ZCOLK(100) «BODK(L100) ¢BODKS(100) s NHIKCION) yNO2K(100) .
964, ¥EXTKCL00) ¢DOK2CI100) e HMEK(100) e HM2K(100) +HMIK(100)
965, kyPOAR(100) e ND3K(100)
966, COMMOM/TEMPEH/TENPAY  TEMREACLQ0) 1 SATREAC100)
967, COMMON/ZOPTICN/1FNeIK2sICOLeICOMByIHA3 IN029INO32IPOUITALGYIFIRST
968, COMMON/OPTZ2/IHEAVY e ITOTN JICHLOR
969, COMMOM/OPTS/IP INHINZWINS
970, CNMMON/CBLK/CRLX(T730)+0IN(3565)
971, REAL NOREFR
972, REAL NO3IX
‘973, REAL MPO4eMINDOY
974, REAL M2NO3anb<3eMLaNRONNIKINDZCK
’975, DIMENSION DEFALT(30)
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976,
977,
978,
979,
980,
981,
QR2,
983,
B4,
985,
986,
987,
038.
949,
990,
9914,
.992,
993,
994,
995,
996,
997,
998,
999,
1000,
1001,
1002,
1003,
1004,
1005,

1006,
100y

sv< e

1008,
1009,
1010,
1014,
1012,
1013,
1014,
1015,
1016,
1017,
1018,
1019,
1020
1028,
1022,
1023,
1024,
1025,
1026,
1027,
1028,
1029,
1030,
1038,
1032,
1033,
1034,
1038,
1036,

520
530

540

313

LR B
112

113
200

204
440
213
305

DAYA DEFALT/1,07 3 0¢0 9 040 o 20,0 ¢ 1,1 ¢ ,01 o 417 4 $06, ¢ 16,
¥0 0 o5 0 1a% 0 05 0 ol 0 1407 0 204 0 «0F v JUF 4 G0PR 4 L0885 ¢ L0
45 [} .03 [} ob ) 00001 L4 00‘3 t J001 o (001 ¢ 61y 0175 .,0501‘-)-/
DATA XPoXNToXCKeXNHeXMN2 ¢ XEX o XUOK/ 000099 ,0004,0080,0008,,01%0,04,
*1'/

DO § I=1,14880

ZERD(1)=1,.,E20

DO 2 1=141200

COLK(IY=0, '

DD 3 1=1¢100

JEMREACI)I=STEN(L)

CHSCES=],/.,028317

IFIR=}

KCUnz{6

READ [NFLOW CONCEMTRATIONS

DO 520 1=143065

READ(NTL30%) NDAY

IF(NDAY (GT,400) GO TO 530

READINT ¢440) (CIMFLOCNDAYJL) s JL=1sKCON)

CONT INUE

CONTINUE

DO 540 1=1sKCON

CALL FILLCCINFILOCIDAYsI) oLDAY~IDAY+101,E20)

READ(NIZ313) ELEVTEMPAV XLAT ELER

NDAY{=IDAY

FORMAT(3F10,Uy2E10,0)

XLATDO=XLAT

E1106=F1*t,Eb

E2106=E2%{,E10

XLAT=XLAT/57,2958

HRITE(NJ«111)

FOAMATOIHGy 208X 3 1LAKE ELEMENT WARTABLES!//)

WRITE(NJ112) .

FORMATC! ELEMI 4SXytBOD! o 8Xy 'BODY y6X g 1COLIFORME ZEX g INHI 1, BX e ENQ2?,
XBX g 1HO3 VW BX s 1POU o AX s THEAVY g OX g 1HEAVY V3 AX 0 VHEAVY 1 96X I TEMP I/
¥t NUM REACTION SETTLINGY s (! REACTIONt) o SETTLING! ¢3X0e
EIMET {1ebXeIMET 21eb6XeMET 3Vt96Xe 1 (LEGn I/
K10XeO6C COEF o TX) o 'COEF 'y oXo 'COLF 1 97Xy 1COEF 1y TXo 1COEF 1 48X 1CENY )
DO §13 K={e101}

READ(NI¢305) 1

IFCILGT,100) GO TO 200

READ(MI213) BODK(I) vBODKSCI)»DOX2(T) s COLKLTI) o NHIK(TI) ¢ NORK(I)
FROZK(1) s POUK(IYEXTK(I)
FHMEK (D) o HM2K(TI) o HM3K(T)

READ IN INITIAL COMCENTRATIONS IN MG/L EXCEPT FOR COLIFORMS

IN MPN/Z10OO ML

READ(NT»4480Y (C(YeJL)eJL=31KCON)

CONTINUE

CONTINUE

DO 204 K={+KCON

CALL FILLCC(L K eMAXES],E20)

FORMAT(BF10,4)

FURMAT(13F6,0)

FORMAT(IS)

DO 300 IX=lsMAXE

TF(HODK(IK) JEQ,0,) BODK(IK)=,2/24,
IF{BULKS(IK) 4EN,0,) HODKS(IK)I=XP

IFCTEMREACIK) ¢EQ,0,4) TEMREA(IKISTEMPAV

IF(FOUX(IK),EQ,0,4) POUK(IK)=XP

IF(NOYK(IK) ,E0,0,) NUIK(IK)=SXNZ

IF(COLK(IK) (E@,0,4) COLK(IKI=XCK
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1037,
1038,
1039,
1010,
10681,
1042,
1043,
{ga4,
1045,
1046,
1047,
§048,
1049,
1050,
1051,
1052,
1053,
1054,
1055,
1056,
1057,
1058,
1059,
1060,
1061,
1062,
1063,
1064,

1065,

1066,
1047,
1360,
1069,
1070,
1071,
10724
1073,
1074,
1075,
1076,
1077,
1078,
1079,
10804
10814,
1082,
1083,
1084,
1085,
1086,
1087,
1088,
1089,
1090,
1094,
1092,
<4093,
1094,
1095,
1096,
1097,

217
300

908

607

302
a18

909

608

© 303

fNaer
1151

f16
1211
124

122
123

10

400

prn L

IF(NHBK(IK)WFR,0.)  NHIK(IK)SXNH

IFEMO2K(IK) (£, 04) MNOIR(IK)IZXNZ

TFCEXTR(IK) L £0,04) EXTK(IK)SXEX

TF(PCr2 (/) ER,04)  DUKR2(IK)ZXDOK

IFQHMIK(IK)LEQ,0,) HI{K(IK)=XCK

WRITE(NI 217) TKeBODKCIK) yBODKS(TK) s COLKOTK) ohHIM(TK) 4 HO2K (TK) g
FNOIKCIK) ePOAKEIRY) oMMk (IK) oMK (TK) oM A (TR) o TERREA(TK)
FORMATCIAGF10,3¢F11,60SF11a80F100rF1tatteF1], 04F10,2)
CONTINUE

WRITE(NJ1908)

FORMAT (LML 9 /7/7045X0 VINITTIAL CONCENTRATICHS1,//)

WRITE(NJ60T)

FORMAT (! FLEMENT [M¢] 80D NH3«N NO2wN hO4=N PQU~P
x  PHYTO CNLIFORMS  HMY HM2 HM3 0T W CHLOR wMTy WMI2
* WeY3t/ 4 NUNBER (MGZL) (HGZ1L) (HG/Z1L) (N6/1) (M6/7L) (M

XG/L) (MG/ZL) (MPN/Z100) (MG/ZL) (NG/L) (MG/ZL) (MG/L) (MG/L) (MG/L)Y (M
¥G/L) (MG/L) /) .

DO 302 IK={ MAXE

WRITE(NJI»818) TKe(CCIKILIY o LJZ19KCON)

FORMATCI1006X s FB2eFT,2¢5FT449F10,148F7,2)

WRITE(NJ»909) .

FORMAT(LR1+//35%Xy ILAKE INFLOW CONCENTRATIONS!s//)

ARITE(NJ1608)

FORMAT (1 DAY FLOW Do BOD NH%aH NO2aN NO3=N POHU=P
* PHYTQ COLIFORMS Hmi HM2 HM3 T0T N CHLOR  pBMTY HMI2
¥ KMIZ1/ t+  NUMBER (CES) (MG/L) (MG/L) (MG/L) (MG/LY (MG/L)Y (M
X¥G/L) (MG/ZL) (MPN/Z100) (G/L) (MG/L) (MG/L) (MG/L)Y (YG/L) (MG/ZL)Y) (M
¥G/L) (MG/ZLYVY/)

DO 303 I=IDAY!LDAY

CFSA=RINCI)*CMSCFS

WRITF(NJsAR19) I+CFSOe (CINFLOCTI oL )l d=
FORHAT IO FS a0 F 7020 F e SFT a5 ei 1000

CONTINUE

WRITE(NJe$211)

FORMAT(1HY)

ARITE(NT 121)

FORMAT (35X e tMISCELLANEOUS VARIABLES!'//)

READ(NI»122) IFNeICOLICOMBIIHEAVY 2 ITOTNGICHLORINHYINZ oINS IP

IFCINHONE,2) INHSY{

IF(IN2,NEL2) INC={

IFCINZ NE,2) IN3=1

IF(IP,NE,1) IP=2

CALL SETOPT

FORMAT(1015)

READ(NI1235) (ARCON(I)sI=1445)

FORMATC(L10Xs7F10,4)

DO 10 I =1,30

IFCARCONCI) EQ,0s) ARCON(CI)I=DEFALT(I)

CONTINUE

IF(THNO3K,ER,0,) THNO3K=1,12

IF(THPOUK ,EN,0,) THPOUK=1 ,084

IF(ICOL,EQ,0) GO TD 400

WRITEC(NJ1004) THKCOL

WRITE(NJs1009) ABOD

IFCIHEAVY JNEG0) ARITE(NJIe1006) AWM

IFCINEAVY,GT,313 WRITE(NJ100T) AHMP

JFCIREAVY, GT,2) WRITE(NJW1008) AHHMY

IFCIHEAVY (NE Q) wWRITE(NJ«1009) CHMOC

IF(IHEAVY (GT,1) ARITE(NJIZ1010) CHHORC

IFCIHEAVY GT,2) WRITE(NJe1011) CH4O3C

CONTINUE

K

ON)

c
PN
2j

1
s
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1098,
1099,
1100,
1101,
1102,
1103,
1104,
1105,
1106,
1107,
1108,
1109,
1110,
1111,
{112,
1113,
11t
1115,
1116,
1117,
1118,
1119,
1120,
1121,
1122,
1123,
1124,
1125,
1126,
1127,
1128,
1129,
1130,
1131,
1132,
1133,
1134,
1135,
11386,
1137,
1138,
1139,
1140,
1141,
1142,
1143,
1144,
1145,
1146,
1147,
1148,
1149,
1150,
1158,
1152,
1153,
1154,
1155,
1156,
1157,
1158,

405

410

415

420

460
1002

IF(ICOMB, 6T, 1Y)
WRITE(NJe10i17)

GO TO 404
THKCOL

b4 e tes mede W ef W e e e Arn n e e

IFCINR3+IN0P+IK0O3«IP0UERL,0) GO TO 405

WRITE(NJs101R)
ARTTE (NI 1019)
WRITE(NJW1015)
WRITE(NI1016)
ARTTE(MI1ALT)
COnNTINUE
IFCINHE E,0) 6

CHRTITE(MI 101 2)

WRITE(NJs1013)
WRITE(NJs1O1H)
CONYINUFE
1F(INQ2,ER,Q) 6
WRITE(NJIo1OUB)
CONTINUE

wonnNa
NOREFR
Hooc
BODN
BObPC

U TO g0
THRNHYE
VOLITK
THVOLK

n 7O 415
THKNK3

IR CINO3,EQ,1) WRITE(NJI»1049) THNO3K

IFCIALG,ER.0) G
WRITE(NJo100L)
WRITE(NJ1002)
WRITE(NJe1020)
WRITE(NJ1021)
IF(IHEAVY NEL, D)
IFCINEAVY ,GT,.4)
IF(IHEAVY (GT2)
IF(IREAVY NELD)
IFCIHEAVY GT,1)
IFCIHEAVY ,GT,2)
IF(IPOU NE,O0) w
IF(IPOU NE,LO .4

0 T0 420

1FN

1COMB

GRMAX

THGRMX
WRITE(NJ1022)
WRITE(NI,1023)
WRITE(NJ91024)
WRITE(NJ 4 1.025)
WRITE(NJ91026)
WRITE(HJ1027)

RITE(NJr1028)

ND, INO3,NE,0)

CHMDA
CH“‘.GAZ
CHMOAD
HMKA
HHMK AR
HMKAZ

MPO4
ARITE(NJI1029) MINGS

TFCINDR NE,0) WRITE(NS$030) M2ND3
IFCINOILNE,O0) WRITE(NJ11031) HNK3

WRITE(NJ1032)
RRITE(NJY1033)
WRITE(NJ1034)
WRITE (NJ+1035)
WRITE(NJs1036)
1F CIMEAVY 6T, 09
1F CIMEAVY L GT 1)
IF CIHEAVY (GT.2)
CONTINUE

IF (1COMR, LT, 12)

ML
APR
NR
ASR
AND .
WRITE(NJ1037)
WRITE(NJ.1038)
WRITE(NJ14039)

WRITE(NJy1040)

ATD
ATD2
ATD3

BRRBOD

IF(IPOU NE,0) WRITE(HJIv1041) BRRPO4
IF(IPOU4.ER,L) WRITE(NJe1050) ThPouK
IF(INH3,NE,0 ,OR, THO3,NE,0) “RITE(NJ41042) RRRNHI

IFCICOMB,NE,18)

WRITE(HMJ1043)

BRENOD

IF(IHEAVY NELO) WRITE(NJe104d) PIHMY
IF(IHEAVY,GT,1) WRITE(NJeJ045) PTHM2

IFCTHEAVY,G6T,2)

WRITE(NJe1046)

PInM3

WRITE(NJe1052) ELEVeTEMPAVXLATNEL11064F2106
CHECK TO INSURE ThHAT gUDeN EXCEEDS THE ALGAL~N IN EACH JUNCTYION

BODWT=800C*¥12,/
BODNAWRZHODN¥1U,
RODPWR=32,/B004
DO 460 Kz=is+MAXE
BUDNX=EC (K 2) *HO

ALGNEC(Ks 7)*BODNKKR/ (APRERONDPAR)
I1F (BODNXLTLALGN) WRITE(NJe$051)

CONTINUE
FORMAT (1

ROLPC
/BODNWT
T

DNwWR/BODOG

BODKX s ALGN oK

CONSTITUENT SELECTION CPTION =14564%X015)
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1159,
1160,
1161,
1162,
1163,
1164,
1165,
1166,
1167,
1168,
1169,
{170,

1M1,

1172,
1173,
1174,
1175,
1176,
1177,
1178,
1179,
1160,
1181,
1182,
1183,
1184,
1185,
1186,
1187,
1188,
1190,
1194,
1192,
1193,
1194,
1195,
1196,
1197,
1198,
1199,
1200,
1201,
1202,
4203,
1204,
1205,
1206,
1207,
1208,
1209,
1210,
1214,
1212,
1213,
1214,
1215,
1216,
1217,
1218,
1219,

1001
{003
1004

1005
1006

1007
1008
1009
1010
1011
1012

1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
{033
1034
1038
1036
1037

1038

s A Vet S Sk A e et 8 —Son e £ s WA Yr T 5 b e e it Vve s ve s e e e ammasmea e . R,

FORMATCY PHYTOPCANKTON GROATH Fi0TION CEOTTION ST ,9AY 0 15)

FORMAT (! COLTIFORY ORI 50 IBXG[5)

FORMAT(! TEMPERATURE CORRECTION CONSTANT FOR COJTEOR REACTION COF
AFFTICTIENT sty 28XeF1In,9)

FORYATLL COFFFICIENT G BOD Th COLIFORM IALL'!&TI“” ERARE £33 PR
FORMAT(I CORFFICIENT ON HMEAYY METAL § TN COLTFONM CALCYLATTION =144
FIXF1I0,4)

FORMAT(! COEFFICTIENT ON HEAVY METAL 2 IN COLTFORM CALCULATION =tholi
X F10,9) ) :

FORMAT(t COEFFICIENT ON REAVY METAL 3 I COLIFGRM CALCULATICN =ted
A{X9F10,5) .
FORMAT ()Y HEAVY METAL § CONCENTRATION LINIT (MG/LY IN COLTFOER CAM.C
SULATION =1920%,F10,%)

FORYAT (1 HEAVY “ETAL 2 CONCLNMTRATION LIMIT (2G/7L) M COUTHFAORM CAM.C
BULATION =1920X3F10,%)

FORMAT(Y HEAVY METAL 3 COLCENTRATION II”IT (G T Col TFORB CALC
EULATION 21020X,F10,%5)

FORMAT(! TEMPERATURE CORRECYION CONSTANT FOR NH3 DECAY COEFFICIENT
¥ 21 956X4F10,5)

FOGRMAT(1 COFFFYICIENT FOR MM VOLITIZATION =1461XeF10,%)
FORMAT(! TEMPERATURE CORRECTION CONSTAKT FOR K3 voLITIZATION PRQC
¥ESS =1933X0F10,5) .

FORMAT(! CAHRBQON TO PHUSPHORUS RATIO IN BNO =ty AOX4F{0,5)

FORMAT(Y NTTRNGEN TO PHOSPHONUS RATIO In 30D =1e58XeF10,9%)

FORMAT(t DRY AFIGHT FRACTION OF CARHDN IN ROD S1e57Xef 1049)
FORMAT(! RBON OxYGEN QUOTIENT =1,74XsF10,5%)

FORMAT (t NOM=REFRACTORY FRACTION OF ORGANIC “ATERIAL =t1450%,F10,5)
FORMAT (! “AxIMmgM GROWTH RaTe (PER MOUR)Y AT 20 DEG FOR PuYTOPLANKTO
N =1 p35XeF10,5)

FORMAT (1 TprkRATURF CORRECT1ION CONSTAMT FCR PHYTOPLAMKTON GROWTH
FRATE =1932XeF10,5%)

FORMAT(! WEAVY PETAL | CONCENTRATICN LIMIT (MG/L) FOR peYTOPLANKTO
EN GROWTH =mty28XeF10,5) i .
FORMAT(! HEAVY METAL 2 CONCENTRATION LIMIT (MG/L) FOr PHYTOPLAMKTO
KN GROWTH 31 4928XeF10,5)

FORMATIY HEAVY FFTAL 3 COLCtNTRATION LIMIT (MG/L) FOR PHYTOPLANKTO
KN GRONTH =142RXeF10,%9)

FORMAT () HEAVY METAL 1 COEFFICIENY FOR PHYTOPLANKTON GROWTH CALCUL
¥ATION =1e31XeF10,5)

FORMAT(! HEAVY METAL 2 COEFFICIENT FQR PHYTOPLANKTAON GROWTH CALCUL
FATION z0a31X0F1D,5)

FORMAT(t HEAVY METAL 3 COEFFICIENT FOR PHYTORLANKTON GROWTH CALCUL
FATION =1431X9F10,5)

FORWAT(! HICKAFLISmHMENTON CONSTANT (MG P/L) FOR PHQOSPHNRUS LIMITAT
¥I0N OF PHYTUPLAKKTON GROWTH =1t 9X¢F10,5)

FORMAT (! MICHARLIS<MENTON COGANSTANT (MG %/L) FOR PHOSPHORUS LIMITAT
¥I0N (F PRYTDRPLAKKTON GROWTH =1y OXeF10,5)

FORMAT(! MICHAELIS=HENTON CONSTANT (MG HNO3~N/L) FOR NITROGEN LINIT
XATION QF PHYTOPLANKTON GROWTH S147X9eF10,5)

FORMAT (! MICHAFLIS=MENTON CONSTANT (MG hudmh/L) FOR NITROGEN LIMIY
$ATION OF PHYTOPLANKTON GROWTH =1,47X0F10,5)

FORMAT(! LIGHT INTENSITY CALCULATION FACTOR (LANGLEYS/MIN) =19d44X
¥F10,5)

FORMAT(! PHYTOPLANKTON TO PHOSPHORUS RATIO =1e0CXeF10,5)
FORMAT (! PHYTOPLANKTON RESPIRATION FACTON =tV ,h1Y4F10,%)

FCRMATL! PHYTOFLANKTON SIMKING RETE (FT/nn) 21eb9%XeF10,5)
FOGRMAT() PHYTOPLANKTON NATURAL PEATH RATE ( /rR) =1 SAXeF10,5)
FORMAT(Y PRYTOPLARKTON TOXIC DEATH COFFFICIE™NT FOR HEayy METAL I
¥ty 3aXeFiIn,5%)

FORMAT(! PHYTOPLANKTON TOXIC DEATK CORFFICIENT FOR HEAVY METAL 2
el 3RXeF10,5)

i

&

13
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1220,
1221,
1222,
1223,
1224,
1225,
1226,
1227,
1228,
1229,

1230, .

1231,
1232,
1233,
1234,
1235,
1236,
1237,
{238,
1239,
1240,
1241,
{242
1243,
1244,
1244,
1246,
1247,
1248,
{249,
1250,
1258,
1252,
1253,
1254,
1255,
1256,
1257,
1258,
1259,
1260,
12614
1262,
1263,
{264,
1265,
1266,
1267,
{268,
1269,
1270,
1271,
1272,
1273,
1274,
1275,
1276,
1277,
1278,
1279,
1280,

T N e T T T IR T e R Y

1039 FORMAT(1 PHYTOPLANKTON TOXIC LDEATH COEFFICIENT FOR HEAVY METAL 3 =

todo
104)
1042
1043
1044
1045
104h
1047
1048
1049
1050
1054

1052

o000

24%

250

260

$143BX4F10,5)

FORIAT (Y BOD BENTHAL RELEASt RATE (MG/SQUARFE METEHeHKRY =0 4Ud
£5)

FORMAT (1 PHOSPHORUS HENTHAL RELEASE RATE (¥G/SQUARE METEReHR
$IXF10,5) ’

FORMAT(L MITROGEN BENTHAL RELEASE RATE (MG/SOUARE MLTER=HR)
¥ F10,5)

FORMAT(! NENTHAL OXYGEM DEMALD  (MG/SQUARE PETER=NR) =t ,5{XF
FORMAT(! FRACTION OF nEAVY METAL { IM I0ON FOHM 1 ahAX4kt0,5)
FORMAT(! FRACTION _OF HEAVY METAL 2 IM TON FORY ot hAX ¢ 10,5)
FORMAT(!Y FRACYION OF HEAVY FETAL 3 IN ICN FOAM 156X ,810,%)
FORMAT () TEMPERATURE CORRECIIOM CUGNSTANT FUOR RBOND REACTION CC
¥ENHT =09383X9F10,5) ’

FORMAT(! TEMPERATURE CORRECTIION CONSTANT FOR NOZ2 OFECAY COHFF
¥ ol 3aXeF10,5)

FORMATC! TEVPERATURE CORRECTION CONSTANT FOR NO3 DECAY COFFF
* 21e3R%X9F10,5) :

FURMAT(! TEMPERATURE CORRECTION COASTANT FNR PN4 DECAY (NFEFF
¥ 23Xy F10,5)

FORMAT (! *¥xB00 NITROGEN SV19FL0,b69 1 AND ALGAL, NITROGEN =14F}
¥1 IN ELEMENTY 4 I1Se! xx%1) "

FORMAT (! LAKE ELEVATION (FEET) =1467%XsF15,5/
¥t AVERAGE TEMPERATURE (CENMTIGRADE) =1461X0F10,5/
1 LAKE LATITUDE (DEGREES)Y =19 70XsF10,5/

¥t DIFFUSION COEFFICIENT | (10**=b) =14b1X9F10.5/
#! DIFFUSION COFFFICIENT 2 (10%%km{0) B1960XsF10,5)

RETURN .

END

SUBROUTINE PINE(XIeY1eX29Y2eNSYMINCT)

AXA=XY
AAB=X2
AYAzYl
AYB=Y2
Nay :
IF(ABS(AXB-AXA).LT.ABS(AYB-AYA)) GO YO 290

SET PARAMETERS FOR X DIRECTION

IF(AXB.GT,AXAY GO TO 245
AXAzX2

AXB=X{

AYAavYp

AYB=VYy

CONTINUE

IXAZAXAS,S

IXB=AXB,5S

IvA=AYAe,S

1YR=AYB+,S

COMTINUE
IFCIXA,LT,N,0R,IXA,6T,100) GO TO 260
IFCIYALLT,0,0R,IYAGT,50) GO TO 260
CALL PPLOT(IXA2IYANSYMyNGT)
CONTINUE

IXAzIXx A4y .
YAZ(N*(AYDB~AYA))/(AXBeAXA)
IYARAYA®YA®D,S

hzNéey R

IFCIXA,LE,IXB) GO TO 250

GO TO 400
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SET PARAMETERS FOR Y DIRECTION

1281, c
1282, c
1283, 290 CONTINUE
t2nd, IFCAYR,GT,AYA) GO 70 2958
1285, AYBavy
1286, AYAzYR2
1287, AX8=X]
1288, AXAzX2
1289, 295 CONTINUE
1290, IXAZAXA+,S
1291, IXUzAXB+,S
1292, IYASAYAS,S
1293, IYBRAYB4,S
1294, 300 CONTINUE
1295, IF(IXALLT,0,0R, IXA,GT,100) GO YO 310
1296, IFCIYALT,0,0R,IYA,GT50) GO 10 310
1297, Call, PPLOT(IXASIYASNSYMINCT)
1298, 310 CONTINYE
1299, IYhrelvasy
1300, XAz {N*#(AXBmAXA))/(AYBuAYA)
1304, IXAzXA+AXA4N,S5
302, Kzt
1303, IFCIYAnIYRY 30093204400
1304, 320 Ixa = IXB
1305, GNH YO 300
1306, 400 RETUYRN
1307, END
1308, SUBROUTINE PPLOT(IXeIlYIKoNCT)
. 1309, COMMON SPACE(15680)9A(SL4101)
1310, DIMENSION 3YH(9)
1311, COMMON /LAR/ TITLE(18)sXLAB(L1)sYLAB(S)
1312, $rHORIZ(20) s VERT (6)
1313, DATA SYM / UH¥¥*¥¥ U esass UHI LTy ARXXXX0 UGHeoser GH22220
1314, 1 4K ¢ BHIIIIY dHewwew /.
1315, IF(K=99) 200+2200230
1316, 200 A(S3eIY, IX+1)=SYM(K)
1347, RETURN
1318, 220 CONTINUE
1319, I=0 .
1320, WRITE(6¢103) TITLEWNCT
1321 DO 225 Ilzi+6
1322, I=l¢y
1323, WRITE(69104) YLABCII) o CACYoJd)odmiy101)
1324, IF(I1,EQ.6) GO YO 228
1325, DO 224 JJ=1+9
1326, I=1+4
1327, IF(YNEL28) GO TO 221
1328, WRITE(69106) VERT(S)+VERT(EIr(A(Yod) e J=1ei01)
1329, GO 10 224
1330, 221 IF(1,NE,24) GO TO 222
1331, WRITE(H61106) VERT(IIoVERT (20 (ACT )0 I210101)
1332, GO TO 224
1333, 222 IF(I,NE,26) GO T0 223
1334, WRITE(6e106) VEKT(3)eVERT(U) ¢ (A(LoJ)eJd=14101)
1335, GO T0 224
1336, 223 wRITE(6+100) (A(Ied)eJ=10101)
1337, 224 CONYINUE '
1338, 225 CONTINUE
1339, 228 CONTINUE
1340, wRITE(69102) XLAB
1344, WRITE(60105) HORIZ

B Y Tl L L E R R T T L R X
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1302,
1343,
13404,
1345,
1346,
1347,
{1348,
{349,
1350,
1354,
1352,
1353-
1354,
1355
1356,
1357,
1358,
1359,
1360,
13614,
1362,
1363,
1364,
1365,
1366,
1367,
1368,
{1369,
1370,
13714,
13230
AJ1 D
1374,
1375,
1376,
1377,
1378,
1379,
1380,
13814,
1382,
1383,
1384,
1385
1386,
1387,
1388,
1389,
1390,
1391,
1392,
1393,
1394,
1395,
1396,
1397,
1398,
1399,
1400,
1aong,
{402,

100
101
102
103
105
106
230

240

250,

260

270

290

908

607

818
100

OoO00

s

FORMAT(IAX+101AL)
FORMAT{FIT4301X0101AY)
FORMAT(F2N,1¢10F10,1)
FOAMAT(IHL 20X 1 BAOWI6Y7)

FORMAT (/40X 20A4)
FORMAT(3X92AMe7X0301AY)

DO 250 1=21490

DU 240 J=2140¢

A(Ted)aSYM(T)

AlTsl)=SY1(8)

CONT INUE

DO 260 J={+{01}

A(S51+J)=53YM(9)

N0 270 I=1+101+10
A(S1e1)20YH(R)

DO 290 I=11+81410

AfLe1)=8YM(9)

CONTINUE

RETURN

END

SUHROUTINE QPRINT(NDAYsNXEQINJ)
COMMDN/L AK/KCON

COMMON CINFLD(36Ss16)+C(100016)
COMMON/FORGOT/ILKAST(100)

DATA LANK/Y 1y

DATA Nb/&/

WRITE(Np»9O0p) NDAY P HXEQ
FORMAT(IH {9 //v 10X e VELEMENT CONCENTRATIONS FOR DAY ! 2ISe10X
¥IEXECUTION INTERVALU41S5//)
WRITE(MN6y60T)

IFLAG=Q

00 2 Ldsieng !
IF(LKAST(LJ)Y ,NELLANKY IFLAG=1
WRITE(MNeB18) LI CC(LIILK) ¢LK=1912) 1 LKAST(LIY
F(CCLJ LK) s LK=13¢KCON)
IFCIFLAG,EQ,1) WRITE(NG,4100)

RPETURN

FORMAT (! ELEMENT ] BOD NH3wN NO2aN NO3=N PO4eP
¥ PHYTHD COLIFORMS® HM{ HM2 HM3 TOT N CHLOR HMITt HMT2
* HMI31/ V- NUMBER MG /L) (MG/L) (MG/ZL)Y (MG/L) (MG/LY (M

¥G/LY (MG/LY (MPN/ZL00) (MG/ZL)Y (MG/L) (MG/L) (MG/L) (MG/L) (MG/L)Y (M
¥G/L) (MG/LYY/)

CFORMATCIL0 06X FB 20FT,290F T, 4eF10,100F 7,30t sFbO313F7,3)

FORMAT(Y * INDICATES SUM TOTAL DF ThE MITROGEN IN COMSTITUENTS BE!
¥NG MODELED EXCFENPS THE TOTAL NITROGEN BEING MODELED AS A CONSERVAT
KIVE,!)

END

SUBROUTINE SCALE (ARRAYAXLENINPTSINC)

DIMENSION ARRAY(HNPTS) ¢ INT(%)

DATA INY/P¢UySe8010/

INCT=IARS(INC)

SCAN FOR MAX AND MIN

AVAXSARRAY (1)

AMINZARRAY (1)

B0 250 Mz 1eNPTS 1 {

IF(AMAX (LTS ARRAY(N)) AMAX= ARQAY(M)
IF(ARINGGT,ARRAY(N)) AMINSAKRAY(N)
CONTINUE '

IFC AMAY w AMIN ) 27542554275,

P ™
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1403,
1404,
1405,
1406,
1407,
1498,
1409,
1410,
tay11,
1412,
1413,
1484,
1115,
{416,
1417,
1414,
1419,
1420,
1421,
1422,
1423,
1424,
1425,
1426,
1427,
1428,
1429,
1“30.
{431,
1432,
tai33,
15834,
1435,
1435,
1437,
1438,
1439,
1440,
1441,
1442,
1443,
1404,
1445,
1446,
1447,
1448,
1449,
1450,
145,
1452,
1453,
1454,
1455,
1456,
1457,
1458,
1459,
}ﬂbo.
1461,
1462,
1463,

L g S v e e e i T e I it

Qo0

(s X e Xe] OO0

[ Xz Rel o000 OO0 OO0

o000

OO0

'265

255 IF( AMIN ) 26%
260 AMIN = 0,0

AMAX = 2,0 * AMAX
60 10 275
AMAX 040
AMIN = 2,0
275 CONTUNUE

400v 250

T 1

* AMIN

RATESR (AMAXoAMIN) /AXLEN

AZALDGYIO(RATE)

HN=A

IFCALLT.0) N=A=0,9999
RATE=RATE/Z(10,%¥N)
L=RATE+1,00

DO 300 1=s1.+5
IF(L-INTC(I)) 32043209300
CONTINUE

320 LsINT(D)
RANGESFLDAT(L)*10,¥%*N
IFCINC,LT.0) GO TO 350

K2AMIN/RANGE
IFCAMINGLT 404) K=Kmi

IF(AMAX (GT, (K+AXLEN)¥RANGE) GO YO
I=MPYSXINCT 4

AKRAY (1)SK*RANGE

J=14+INCT

ARRAY (1)=RANGE

RETURN

330 L=L+y

IF(L.LT¢t1) GO TO 280
L=2

NSHN¢§

340 GO 10 280

3150 K=AMAX/RANGE

151

LIS NEXT

RESET MaxX AND MIN FOR ZERO RANGE

COMPUTE UHTTS/ZINCH

SCALE INTEPVAL YO
LESS THAN 10

FIND NEXY HIGHER INTERVAL

HIGHER INTERVAL
RANGE 18 SCALED 0ACK TCQ FULL SET

SET UP POSITIVE STEPS

CHECK FOR MAX VALUE 1IN RANGE

330

IF QUTSIDE RANGE RESET L AND N

SET UP NEGATIVE STEPS
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tabl, TF(AMAX,GT,0,) K=K+ .

146%, TFCAMIN, LT IR$AXLENIXRANGE)Y GO TO 330

1466, IsINCT*0PTG+

1467, ARRAY(T)=KEAHRANGE

§14608, I=I+1MCT

1469, ARRAY (1)=sRANGE

1470, RETURN

{1471, U400 ARITE(6e100) B

1472, - 100 FORFATC /7 10Xy VTRANGE AND SCALE ARE ZERD ON PLOT ATTEMPTI )
far3, RETURN

1474, . EnND

1475, SURROUTEINE SETOPT

1a76, COMMON/ZOPTION/TFN T2 ICOL Y ICOMA e INKI9IMO22 INO3+IPOLy TALG IFIRST
1a77, COMMON/NPT2/IHEAYY » ITOTN S ICHLUR

1478, CCHUMON/ZOPTR/ZIP Ity INQy IN3

1479, DATA TFIReIPMDeNHI«HOZ2eNOZ o LPQUNILPZVIST 19 12ND 14NN g INO2n )y
. 1480, FINOBat ) IPOLURT Il 1g P 1/

14681, DIAENSION LLAB(10) .

1482, DATA AR/ ! Lo VMODEY o Y LED 19 0BY Vgt trl DRDY,
1ass, ¥I1ER RIZYEACT ¢ VION 1/ .

1484, IFIRST=y

1485, NOUT=4

1486, INH3=0

1487, INO2=0

1488, INO3=0

1489, IPO4=0

1490, 1ALGZ0

1491, IF(ICOMB,EQ,18) GO TO 800

1092. INH}-‘-]

1493, IF(ICOMB,GE,7 JAND, 1COMB,LE.1) LOR, ICOMB,GE,16) INH3=0
1494, IFCICOMBLED,19 LOR, ICOMB.EG,20) INM3=|

1095, . IND2=20 !

1496, IF(ICOMBLLE,2 +OR, ICOMB.ERs4 LORs ICOMBLEQ.§2 oOR,
1897, «ICOMR,EQ,13) IND2=\

1498, IF(ICOMB,EQ,19) INOR2=!

1499, INO3=)

1500, IF(1COMB,ER,10 LOR, ICOMB,EG,1f) 1INO3a3p

1508, IF(ICOMB.GT.21) INO3=O

1502, 1P0YU=Y .

1503, ) IF(ICOMB,ER,4 LOR, 1COMB,EQ.,s L,OR, ICOM3,ER,9 ,LOR,
1504, $ICOMB,EG,11) IPQA=O ' ' :

1505, IFCICOMB,6E,.19 (AND, ICOMB,LE.2] LOR, 1ICOMB.,EQN,23) 1PO4=0
1506, IALG=0

1507, IFC(ICOMR,EQ,} LOR, 1COMB,EQG,3 ,OR, ICOMB,EQR,7 LOR,
‘1508, *ICOMB,EN,12 L0k, ICOMHB.EO,14 LUR, JCOMB,EQ,16) IALG=q
1509, 800 CONTINUE ’
1510, IF(ICUMB,NE,18) WRITE(NOUTI1000)

151, IF(ICOME EQ,18) WHITE(NQUTI999)

1512, IFCICOLLEQ.]) WRITE(NOUT1001) . .
1513, IF(ICOMB,LEL31) WRITE(NOUT«1002)

1514, IF(INR3ER,0) GO TO 10

1515, LAB(1)=NH3

1516, LAB(2)=N

1517, LAB(H)=1FIR

1518, IFCINHL,ER,2) LAB(6)=12ND

1519, WRITE(HOUT1003) LAB

1520, 10 CONTINUE
. 1521, IF(INO2,EN,0) GO TO 20

1522, ’ Lag(1)=na2
. 1523, LAB(2)=N

1524, LAB(6)=IFIR
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1525, IFCINS L EQ,2) LAN(E)=12ND

1526, WRITE(LOUTS1003) LAR
1527, 20 CONTINUE
1528, IFCING3EN,0) 6O TO 50
1529, LAB(1)=ND3
1530, LAR(2)=N
1538, LAB(A)=TIFIR
1532, TFCINSLEN,2) LAB(A)Y=T2ND .
. 1533, WRITE(HOJUT¢(100¢) Lay «
! 1534, 30 CONYILUE
1535, CIFCIPCALEQ,D) GO TO 40
1936, LAaB(1)=LP0A
1537, LAB(R)=LP
1538, LAB(6)=TFIR
1539, IFQIPLER, ) LAB(HI=IAND
1540, WRITEENOUT»1003) LA
15414, 4o CONTINUE
1542, IFCIALG,ER 1) wRITE(NOUT100Y)
1543, TFCINEAVY  FQ. 1) WRITECLOUTe1008) IHEAVY
1544, IFCTHEAVY (AT, 1) WRITE(AOUT«t11L) IHEAVY
1545, TFCITOTH NEL0)  ARITE(NCUTI1009)
1546, TFCICHLOR.NE (0) wRITE(NDUT1010)
1547, MRITE(NOUT 1 112)
1548, RETURH
1549, 999 FORMAT(t THE FOLLOWING CONSTITUENTS ARE BEIMG MODELEDRT)
1550, 1000 FORMAT(! THE FOLLOWING CONSTITUENTS ARE REING NODELED DISSOLVED
1551, *OXYGEMI)
1552, 100 FORMATCUARX e 'COLIFORMSY)
1553, 1002 FORMAT(4BXs'BGDY)
1554, 1003 FORMAT(uBXyy1044)
1555, 1007 FORMAT(UAX e ' PLYTOPLANKTOND)
1555, 10868 CURMATILGR e YTt HEAVY NETAL (l‘\"“'D I7S AGSCTIATED ITN)Y )
1557, 1009 FORMATCUBX ITOTAL NITROGEN?)
1558, 1010 FORMAT(4BXICHLORIDEST)
1559, 1111 FORMAT(uBXeIget HEAVY METALS (AND THEIR ASSOCIATED JONS)!)
1560, 1112 FORMAT(//)
1561, END
1562, SUBROUTINE SUBA
1563, '
1564, COMMON DATA(29200T) v ALPHA(20) s INDEX(T) '
1565, N
1566, COMPON/KDY/ Ay By IDAYs ITAPE» IYRy LAT» LDAYs LOGs NOHBSy PTEHP
1567, A RESELes SROy 5SSO0+ NGO NINT
1568,
1569, INTEGER MONTH({2)
1570, DATA MONTH/Z41 428931930058 030038 933930431 43043%/
1571, REAL LAYy LG
1572,
1573, C ** INITIALIZE NECESSARY VARIABLES
{574, DO I=447
1575, 00 1 J=142920
1576, ! DATA(J1)E0,
1577
1578, SRQ & 0,0
1579, SS0 & 0.0
1580, PTEMP 2 0,0
1581, NO 7 J 8 17
1582, INDEX(J) = ¢
1583, T CONTINUE
1584,
1565, C ** READ AKD WRITE RUN DATA

L o ey U S Lk L I I A N
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1586,
1587,
1588,
1589,
1590,
1591,
1592«
1593,
1594,
1595,
1596,
1597,
1598,
1599,
1600,
1601,
1602,
1603,
1604,
1605,
1606,
1607,
1608,
1609,
1610,
“1611,
1612,
1613,
1614,
1615,
1616,
1647,
1618,
1619,
1620,
1621,
1622,
1623,
1624,
1625,
1626,
1627,
1628,
1629,
1630,
1638,
1632,
163%,
1630,
1635,
1636,
1637,
1638,
1639,
1640,
1644,
1642,
1643,
1644,
1645,
1646,

A, A s ¥ ok A 4 et W or s

T e e b g e BT L] 4 W e ted B Sl s e e e aP e e vm e A b FTae Gk e s e s e v

READ(S4508) ALPHA

wRITE(6s6NL) ALPHA

READEH9503) TvRe IDAYy DAYy NOBSe ITAPF
WRITE(6e602) 1YRe IDAYS LDAYs NDBSe ITAPE
NGO =

NINT = NORS ¥ ( LDAY w» IDAY + )
MOMNFEIDAY /304

MONLzLCAYZ30

READ(H9509) Ay By LAT, LOGY RESEL

L WRITE(He603) Ar By LATs LOGy RESEL

C *x READ A METOROLOGIC DATA SET

9

READ(S+507sED=0%) T04CVeCvAILYH
IFCID.GTL100) GO YO 4S5

C #% CHECK ON INPUT STATUS

55

18 = ID

INDEX(IDY = ID .

IFC ID oGYs S5 ) ID 8 ID e

NUP & ¢

00 55 L=MONF¢MONL

NLO = NUP ¢ 8

NUP = NuP 4+ MONTH(L)

READ(S»511) € DATA(JIDYy J = NLOW NUP )
CONTINUE

C x%x MAKE UNITS CONVERSIONS

113

0 113 0 = NGU, NINY !
DATACJZID) = CV ¥ ( DATA(JHID) ¢ CVA ) ¢+ CVB
CONTINUE

C *x WRITE OUT COMMENT FCR EACH INPUT

19
21

22
23
24
25
26

27
35

GO TO ( 2142242301240 25126427 ) 4 18
wRITE(64621)

GO TO 3%

wRITE(61622)

6J 10 35

WRITE(61623)

GO YO 35

WRITE(601624)

GO TO 3%

“RITE(61625)

G0 TO 35

WRITE(61626)

GO TO 3%

WRITE (64627)

WRITE(64620) CVy CVAe CVB
GO 10 9

C #* END OF RAW DATA INPUT

45

WRITE(64635)

RETURN

C %% INPUT FORMAY STATEMENTS
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647,
1648,
16‘“)'
1650,
1651,
{652,
1653,
1654,
16565,
1656,
1658,
1659,
1660,
1664,
‘6‘)2.
1663,
1664,
1665,
1666,
1667,
1668,
1669,
16704
1671,
1672,
1673,
1674,
1675,
1676,
1677,
1673,
1679,
1680,
1681,
1682,
1683,
1684,
1685,
1686,
1687,
1688,
1689,
1690,
1694,
1692,
1693,
1694,
1695,
1696,
1697,
1698,
1699,
1700,
1701,
1702,
1703,
170“.
1705,
1706,
1707,

591
503
505
507
509
51t

FORMAT(
FORMATA(
FORMAT(
FORMAT(
FORMAT(

20

et = . = e hnn s

Ad

)

8110 )
1hFS,0 )

11

'R}

3810,0 )

BE10,0 )
FORMATC(OX 9 F5,097F10,0)

C **% QUTPUT FORMAT STATEMENTS

601§

FORMAT(LHL2//010X920A0)

602 FORMATC /// 26Xy UHYEAR 110 /

A
3}

21X

SHO

Bs

21Xy 9RFIRST DAY I10 / 22X BMLAST DAY Ijo0 /

110 7/ 22x¢ BHTAPE QGUT 110 )

603 FORMAT( // 29Xy (HAGIPEYL0.2/ 29%s YhBy F10,2/ 22YBHLATTTUDE
/7 21X QRLONGITUDE F10,1 / 21Xy 9HELEYATION F10,1 )

620
621
622
623
624
625
526
627
635

A

A
)

A

0pPF10,1
FORMAT(
FOR”ATF
FORMAT(
FORMAT(
FORMAT(

FORMAT(

~~

Fraeaa
unna

"

FORMAT ¢
FoRmMAT(
END

tH
//
4
’/
//
44
’/

r/

e

60Xy 11HCONVERSIONS {P3EIS, 3, 110 )

20Xy 26HATMOSPHERIC PRESSURE INPUT )

20Xy {6HCLOUDINESS [NPUT )

20Xy 16HWIND SPEED INPULT )

20Xe 26HDRY BULB TEMPERATURE INPUT )

20Xy RGHWET BULB TEMPERATURE INPUT )

Z0Xy Z7RDEW FOINT TEWPERATURE INPUT )

20Xy 32MSHORT wAVE SOLAR RADIATION INPUT )

/7777 50Xy {4HEND DATA INPUT )

SUBRCUTINE SLIBB

COMMON/ABL K/
DVOL(200)
TEOT(200)

COMMON/BBLK/

COMMON/CBLKY/

COMMON/DHLKY/

TYSPEC(365) s

¥ ISRNOU(I)

mMcCoO D>

ARAR(Z200) s AREA(200)e DC(2D0)y NENS(200)r OHI(200) ¢
D2(R200)s DZI(2060) 3+]1(200)s QHN(200)s T(200)
TFXC200)s THIC(Z200)s VOL(200)e Z(200)s ZMIND(200)

Ay ATy BBy Evy NAYGy QCy OEy OGNy GNAy OGNS, Qw
DST(365)y POOLC365)y OIN(385)¢ RESTM(36S5)s TIN(36S)

DRCDZ(SYy ELOUT(S) sy NOU(S)y GOT(36543)s TOUT(36S5¢3)
wGT (%)

COMMON/FRLK/Z EUP({5)s QUP(S)e TUP(S)1wUP(S)s IDGUT(50)s GORO(365)

COMMON/NDVYZ ALy A2 A3s DELTe DQIvy DTAV2, D2ZTy ED™AX. ELTCe EVAy

EVAP,
IPRT,
NTCs

QCUT
Cie C

EXCOy

GMAX, GMIN, G5SwHy 12T, IBT, IDAY. IMIX, INTP. TONEY

ITAPEe ITw0, IVAL, LOAY, “AXE, “YAXP, NLETS: NORSs \QUTS.

NRE

Pe

HSDy NSEGs NUMe wNUME e NUMPy NUSTe NTHRIKHSe MXEQe O

RESELs RyENe SDZs SHEAT STABLEs VOREs VvSUMy VICPs INT,

2

c3

G mw m e e v " v m e vt S PR e m A o e s e mm i e e Mt wme = oo e
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1708,
1709,
1710,
1714,
1712,
1713,
1784,
1715,
1716,
1717,
1718,
1719,
1720,
1721,
1722,
17235,
1724,
1725,
1726,
1727,
1728,
1729,
1730,
1731,
1732,
1733,
1734,
1735,
1736,
1737,
1738,
1739,
1740,
1748,
1742,
{743,
1744,
1745,
1746,
1747,
1748,
1749,
1750,
{751,
1752,
1753,
1754,
1755,
1756,
1757,
1758,
1759,
1760,
1761,
1762,
1763,
1764,
1765,
1766,
1767,
1768,

DIMENSION CMENT(AO)s TF(2C0)e VH(200)y VZ(200)
C ¥5 IMNITIALIZE SYSTEM CONSTANTS AMD PARAMETERS

NPAGE 2 §
NSEG = 0
HEAD(S5+520) INT

520  FORMAT(I10)
GMAX = 3,8

C *x¥x KEAD UPSTREAM FLOw FILE

REWIND INT
READ(INT) IDAY. LDAY"
READCINTY € POOLCL)y OINCL)y QOTCLE)y TIN(LYe L = IDAYy LDAY )

C %% READ MEYOROLOGIC INPUT FILE

READ(S+505) 10AY» LDAY
READ(INT) IYRy lAs IBs NOBS
IFC Ia JLE, IDAY ,ARD, 18 ,GE, LDAY ) GO YO 33
WRITE(HyA%9) mAXy 1Ay 1B,
STOP
33 IF( 1A EQ, IDAY ) GO YO 99
IC = NOBS * ( IDAY » IA )
Do 35 J = {, IC
READCINT) Ta
35 CONTINUE

C *x READ AND WRITE SEGMENT CARD INPUT

99 READ(S4501) CMENT
© WRITE(beb0L) CMENT |
READ(S¢504) SDZ» ELMAXe EDMAX» As BHs GMIN
ARITE(61603) INAYs LDAYy SDZs  ELMAX
EXCO = 6,908 7 EDMAX
103 WARITE(69604) EOMAX, Ay BBy GMIN, EXCO

C *% READ AND WRITE SEGMENT RUN PARAMETERS

READ(5¢505) NSEGs NTPy NSDs IPRT, INTP, ITAPE, NOUTS,
A NXEus IVAL

WRITE(64605) NSEGy NTPe NSDy IPRTy INTP, ITAPE, NOUTS,
A NXEQe IVALs NOBS

READ(51504) GSaHe Ale AZ20 Ady  RLEN

WRITE(64+563) GSwHy ALy A2y A3s RLEN

C *¥*¥x  READ AND WRITE AREA COEFFICENTS

READ({S9504) Ciy C24 C3
WRITE(60609) Cyyg C20 C3

C *x READ AND WRITE OUTLET POSITIONS
DO 104 J = §+ NOUTS
READ(S59509) NyELOUT(N) 9 wOT(N) 1 ISRNOU(N)
$04 CONTINUE :
WRITE(69606) ( Jo FELOUTLI)» wWOT(JI)y J = 19 NOUTS )

C **% INITIALIZE SLLECTEC ARRAYS
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1769,
1770,
1771,
1772,
1773,
1774,
1775,
1776,
$177,
v 1778,
1779,
. 1780,
178¢,
1782,
1783,
1784,
1785,
1786,
1787,
1788,
1789,
1790,
1791,
1792,
1793,
1794,
1795,
17964,
1797,
1798,
1799,
1800,
18014,
1802,
1803,
1804,
1805,
- 1606,
1807,
1808.
1809,
1810,
1811,
1812,
1813,
1814,
1815,
1816,
1817,
1818,
1819,
1820,
1821,
1822,
1823,
1824,
1825,
1826,
1827,
1828,
1829,

AR T Y R Y L TP Y Y PR Y R Y R R ENA LY ERLEL IR il

105 CONTINUE
C *# GENERATE ELEVATION PROFILE

TC = 0.5 * §07
DO 107 J = 2 200
203) = Z(J=1) + SDZ
ZMID(Jw1Y = 20Jestl) ¢ TC
DZ(J=1) = 8§02

107 CONTINUE
MAXE = ( ELMAX « TC ) / S0Z
MAXP & MAXE + §

C *x¥x

113 DO 115 J & 1y MAXP

GENERATE AREA AND VOLUME PROFILES

AREA(J) = C1 & C2 ¥ Z(J) + C3 % Z(J) »* 2
VOL(J) & CtL % Z(J) 4 ( C2 /7 2,0 ) * Z(J) ** 2 +(C3 /7 3,0 ) *

A Z(J) *x 3
115 CONTINUE

DO 117 J = 1y MAXE

OvoL(J) = VOL(J+1) = voL(d)
117 CONTINUE

131 IF( NTP 6T, 1 ) GO 70 139
READ(%1504) Tas TH
DO 135 J & 1y MAXP
T¢(J) = 18

135 CONTINUE
GO YO {47

139 DO 145 J = 19 NTP
READ(S¢504) TaAs TR
DO §43 K = 1y MAXP
IFC TA oGTe ZMID(X) ) GO TO 143
T(K)Y = T8
GO T0 $45

143 CONTINUE

145 CONTINUE

CALL SUBG( NTPs Te 200 )

C ** INPUT DAYS FOR SPECIAL PRINTED OULTPUT

C *#% INPUT TEMPFRATURE TNITIALTZATIOUN PATA POINTS

$47 IFC NSD ,GT, 0 ) READ(S+511) ( IDOUT(J)s J

C *% LUCATE QUTLEYS IN TKIS SEGMENT

DO 1S9 J = {« NOUTS
D0 §1S7 K = 1y MAXP
IFC ELOUT ()
NOU(J) = K
GO TO0 159

157

R N L AL

oGT, ZMIND(K) ) GO Y0 157

ISP P RS S ey eus |

1¢ NSD )
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1830,
taldy,
1832,
18338,
1834,
1835,
1836,
1837,
1838,
1839,
1840,
18414,
1842,
1843,
1864,
1845,
1846,
1847,
{8aus,
1849,
1850,
1851,
1852,
1853,
1854,
1855,
1856,
1857,
1858,
1859,
1860,

LYY
SR Y

1862,
1863,
1864,
1865,
1866,
1867,
1868,
1869,
1870,
1871,
1872,
1873,
1874,
1875,
1876,
1877,
1878,
1879,
1880,
1881,
1882,
1883,
1884,
1885,
1886,
1887,
1888,
1889,
1890,

197 CONTIMUE
159 CONTINUE

% WRITE OYT SYSTEM INMFORBATION MUW AVAL|AHLE

163 MAX = InNTP * U8
DO $165 J = §4¢ MAXP, MAX
160 = J ;
IEND = IGO0 ¢ MAX =i
IFC TEND ,GY, MAXP ) IEND = MAXP
C NPAGE = NPAGE +
WRITE(OL+60L) CMENT
FRITECOr607) (KeZ(K) 9 AREA(K) «VOL(R) s DVCLCK) e T(K)
A K & IGOs IENDy INTP )
165 CONTINUE :

RETURN
ENTRY PRNT(MyMM)
#x CONVERY TO DEG F AND CALCULATE ADVECTION RATIOS

GVIN = 0.0
DO 213 J = {4 NUME
TF(J) = 1,8 ¥ TFX(J) ¢+ 32,0
TA = {,0 7 DVOL(J)
IFC J JEN, NUME ) TA = {,0 / vTOP
GVOT = QHI(J) + QVIN = QHOC(J)
VH(J) 2 DELT * AMAXIC(GHICI)QHOCS) ) * TA
VZ(J) 3 DELYT % AMAXL(ABS(GVIN),aBS(OVOT)) * TA
BVIN = QVOT
2i3 CONTINUE ‘

** WRITE SIMULATION OUTPUT

NPAGE = NPAGE + 1

WRITE(6:60t) CMENT

WRITE(61653) MMM .
WRITE (691 643) RESELY AT DZTe TEX(NUME)y QI EVAy QOUT, EVAP,
A ELTCy TIM{M)s DSTUM)e Z(IMIX)s RESTM(M)y TSPEC(H)
WRITE(6s6US) NSy GNAy OWe GEy OC

WRITEC69AN9) (Js NOUCJI) s ELOUTCI)r QOT(Mydd)y TOUTCARJ)r DRONZCI)

A J = 1y NOUTS )
214 MAX = INTP #* 48

DO 219 J = § NUMEs MAX

160 n J

1END = 1G0 ¢ MAX =

I¥F( IEND ,6T, NUME ) IEND = NUME
NPAGE = NPAGE 4

WRITE(h1601) CMENT

CWRITE(LH53) MyMM

WRITE(b4654)

WRITE(64655) ( Ko Z{K)e TFX(K)e TF(K)s GHOCK)+» QHI(K)e THOT(K)

A DCCX)e VZ(K)e VH(K)y K 3 IGOs IEND, INTP )
215 CONTINUE
CALL QPRINT(MyMMoNUME)
CALL CURVECTFX(1)9ZTL) vNUME ] eM)
00 219 J = NUMP, MAXP
TFXCJ) = TFX(NUNE)
S 20J) = Z0J=1) + SDZ
219 CONYINUE
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189, : RETURN

1892,

1893,

1894, C *xx INPUT FORMAT STATEMENTS

1895,

1696, 501 FORMAT( 2044 )

1897, 503 FORMAT( 2110e 6E10,0 )

{898, 500 FORMAT(C BE10,0 )

1899, 50% FORMATC 1618 )

1900, 507 FORMAT( d( 110e E10,0 ) )

1904, S09  FORMAT(I10+42E10,04110)

1902, 511 FORMAAT( 1615 )

19038,

1904, C *x QUTPUT FORMAT STATEMENTS

1905,

1906, 601 FORMAT(IHI 235Xy IDEEP RESERVOIR MODEL I //7(25Xe2044))

1907,

1908, 603 FORMAT ( /// 21Xs 9HFIRST DAY I{0 7/ 21Xe 9HFINAL OAY It0 //
1909, A 21Xy GHNORMAL DZ F10¢3 7/ 20Xs LOHMAXIMUM EL Fi104§ )
1910,

1914, 604 FORMAT( // 22X+ BHEX DEPTH IPE1S,3 /

1912, A 1BX, {2HEVAP COEFF A F1%,3 /

1913, B 18Xy {2AEVAP COEFF B E15,8 /

1984, C 22Xy BHMIN STAH OPF{5,3 /7 20Xy 10KSW EX COEF E15,3 )
1935,

1916, 605 FORMAT( // 20X»10HSEG NUMBER I10 /

1917, A 22Xy BHTEMP PTS 110 / 22x¢ BMDAYS OpT It0 /

1918, B 19Xy 11HOUTPUT FREQ 110 /7 17Xy $13HVERY PRY FREQ 110
1919, C 22Xy BHYAFE QUT 110 / 19X%X» $iHNUM QUTLETS 110 /

1920, D 20X, 10KREPEAT XEQ 110 / 16X, JOHXEQ DUTPUT INT 1o /
1921, E 19Xy {1HOBS PER DAY I10 )

1922, . !

1923, 606 FORMAT( s/ 2uXy 3pHOUTLET ELEVATION EFF WIDTH /
1924, A ( 1300 1P2E15,3 ) )

1925,

1926, 607 FORMAT( / 13X» 62HND ELEVATION SEC AREA CUuLM VO
1927, *L DELTA VOL 26Xe tTEMP(CI1//(L 1S4 0PF 15,1 1P4E15,3))
1928,

1629, 609 FORMAT( // {7xy 13HAREA COEFF C{ {PE(S,3 / {TX, 13HAREA COEFF C2
1930, A E15.3 / {7X+ 13HAREA COEFF C3 E15,3 )

1931,

1932, 643 FORMAT( // 10X 26HGENERAL SYSTEM INFOKMATION //

1933, A 21Xe §9HRESERVOLIK ELEVATION F10,2¢ 2H M {T7Xy

1934, B  16HSURFACE AIR TEMP Fl12,2y 6M DEG C /

1935, cC 295Xe 1SHRSURFACE ELEMENT F{042s 2H M (5X,

1936, D 1BHSURFACE WATER TEMP F12,2¢ &H DEG C 7

1937, E 21Xy $19HTOTAL SYSTEM INFLODA F10,1s 4H CMS 13Xy

1938, F (UREVAPORIZATION RATE 1PE1Z2,2¢ Uh CHMS /

1939, 6 20X,y 20HTOTAL SYSTEM UUTFLGOA OPF{0,1e 4H CMS {3X,
1940, M 1AHCULM EVAPORIZATION F12,3s 2H M ¢

1944, K 24Xe YAMELFv THERMOCLINE F1041y 2H M,

1942, L 1S5Xe 18MINFLOW TEMPERATURE Fip.2v 6H DEG C /

1943, M 25Xy 15HDOWNNSTREAM TEMP  OPFi10.2¢ 6K DEG Co 12X

{9uu, N {7HLDWEST MIXED ELEV Fi2,1e 2H My

1945, 0 26Xe 1U4HRETENTION TIME F10,5e¢ SH DAYS

1946, P 16Xy 14HOBJECTIVE TEMP Fi2.29 6N DEG C )

1947, : )

1948, 645 FORMAY( /// 18%Xe 22HSURFACE HEAT EXCHANGES 7/

1949, A 37X, 3HUNS 1PU1,34RH KC/M2/S 7

1950, B 37Xe SHONAe E13,380 BM KC/M2/S /3RXe 2MOQWe F13,%¢ BH KC/M2/S 7/
1951, C 38Xy PHQEs E13,3¢ 8K KC/M2/S 7/ 38Xy 2RACy €13,3¢ BH KC/H2/S )
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1952,
1953,
1954,
1955,
1956,
lq57 .
1958,
1959,
1960,
1964,
1962,
1963,
1964,
1965,
1966,
19674
1968,
1969,
1970,
1971,
1972,
1973,
1974,
1975,
1976,
1977,
1978,
1979,
1980,
1981,
1982,
1563,
1984,
1985,
1986,
1687,
1988,
1989,
1990,
1991,
1992,
1993,
1994,
1995,

1996,

1997,
1998,
1999,
2000,

ﬁoo‘.

2002,
2003,
2004,

2005, -

2006,
2007,
2008,
2009,
2010,
2031,
2012,

B Y L R L R D S e L L L v B T PR

UG FORMAT( /// 25Xy 1SHIYSTEM OUTFLO¥S /7 33X STHNO ELEM
AELEV FLOwW TEMP DEN GRAD /
B ( 25Xe 21109 OPF1O.1e 2F10,20 tPEL5,3 ) )

653 FORMAT( / 2%, 36HSUMHARY GF OyTPUT FNR SIMULATION DAY I5
A 5Xy 1BHEXECUTTIUN INTERVAL I5 )

654 FORMATC  / BXy 120MNG  ELEVATIOM TEMP DEG € TE4P NEG
tF HORZ ouT HORZ IN RATE CF CHG DIFF COtF v
2AR © MAR ¢/ ) - :

655 FORMAT( 1400 OPFISeis 4F1S.0r LP2E15.30 0PFT7,2y Fb642 )

6%9 FORMAT( /// 10Xy I3HERROR IN FILE 14y 20H THE FILE RANGE IS 14
A H4H TO I4 )

663 FORMAT( ///7 17Xe 13HCRITICAL STAB 1PEIS,3 /
A 17Xy 13HLOW GRAD COEF E15.43 / 21Xy 9HINTERCEPT E1543 /
B 22X, BHEXPONENT E15,3 /
C 18Xy 12nREACH LENGTH 1PE15,3 )
END
SUBROUTINE SUBR2

COMFON/NDV/ Ay By IDAYe ITAPEs IYRe LATy LDAYy LOGs NOBS» PTEMP,
A RESELy SROs S50¢ NGOs NINT

COMMON DATA(292057) 9 ALPHA(20) ¢ INDEX(T)

EQUIVALENCE (DATACEo1)0APCL))y (DATACLa2)9CLOCLYoETCLY Yoo
A (DATACLe3) enSCLI) o (DATACI v d) s GET (13 )y (DATACLISYewRTEI)ADPTL) o
B EACE)Ys  (DATACL96)10SCI)sONSCI) ) o (DATACL 7)o QAT(S) v iC (L) ) :

REAL AP(2920)¢ CLD(2920)y WS(2920)¢ DHT(2920)y wRT(2920) ¢
A DPT(2920)¢ G5(2920)s QAT(2920)¢ QNS(2920)¢ WC(2920)y FA(2920)
B EV(2920)

REAL LATy LOG, My; LAMBDA
REAL ALPH(6)» BETA(6)s ATWOCH)s BTWOC4) s DUST(U02)

DATA ALPH / ' 5,7004400004757925:414~15,299230,43/,
BETAZ 0,62000,84291,107¢1,85T9,41,89892,449/,
ATHOZ 141802,200049500.35 7/ o
RTWO /20,477 1m0 97¢=0,751~0,45/

DUST /040600,0640,0540,07+0,08+0,10¢0,07¢0,08 /

OO ®P

VPS(THA) B 2,171BE8 * EXP( m4157,0 /7 ( THA ¢ 239,09 ) )

ICUIT a ¢

C *¥ CHECK ON ATMOSPHERIG PRESSURFE

TF¢ INDFX(1) ,GT, 0 ) GO YO 103
TEMP = 1013,0 % 10,0 %% ( =5,25E~5 * RESEL )
DO 10y J = NGOs NINT
AP(J) = TEMP
10§ CONTINUE

C ** GENERAL INPUT DATA CHECKS
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2043,
2034,
2015,
2016,
2017,
2018,
2019,
2020,
2021,
2022,
2023,
2024,
2025,
2026,
2027,
2028,
2029,
20340,
2031,
2032,
2033,
2034,
2035,
2036,
2037,
2038,
2039,
2040,
2041,
2042,
2043,
ac Iu.
2045,
2046,
2047,
2048,
2049,
2050,
2051,
2052,
2053,
20454,
2055,
2056,
2057,
2058,
2059,
2060,
2064,
2062,
2063,
2064,
2065,
2066,
2067,
2068,
2069,
2070,
2071,
2072,
2073,

103 DO 105 J = 24 4
1F( INDEX(J) ,LE, 0 ) INUIT = {
105 CONTINUE

IF( INDEX(S) + INDEX(6) ,LE, 0 ) IOUIT = |

IFC IQUIT 4LEe 0 ) GO YO 109
WRITE(61671)
sTop
§09 IF( INDEX(6) ,GT, 0 ) GO TO {17
C *x wkY BULB I8 AVaAlLABLE

DO §13 J = NGOy NINT

EACJ) = VYPSC wiT(J) ) ~ AP(J) * ( OKT(J) » ~3TC(J) ) *

A ( bybEatl # T,59Ea7 ¥ WwBT(D) )

WC(J) = 0,86 * ( 1,26E=% ¥ ( DHY(J)Y + 273,0 ) *% 2 ) 3% A,33

113 CONTINUE
GO Y0 121

C ¥x DEW POINT AVAILABLE

117 DO 119 J = NGO,y NINT
EACJ) = VPSC DPT(J) )

WCCJ) = 0,86 * EXP( 0,811 # 0.0614 * OPT(J) )

119 CONTINUE
C ** SOLAR RADIATION CALCULATIONS
C %x CALCULATE SOME CONSTANTS

121 NHRS & 24 / NGRS

HRS = FLOAT( NHRS )
SRO = SRO / 57,3
$S0 = §S0 / 57,3

CONE = 3,14159 * LAT / 180,0
TC = FLUAT( ( IFIX(LOG) / {5 ) ¥ {5
TC &8 ( LOG » TC ) / 1540

C *%x ENTER MAIN CALCULATION LOOP

tL=o

125 DO 135 L = IDAY, LDAY
LL o= LL o+ 1
KK 2 L /92 + |

C ** SET UP DAILY VALUES
DEL 2409 ¥ COS( 1.72kw2 * FLOAT(

CTWd = SINCCOME) ¥ SIN(DEL)
CTRI = COS{CONE) * COS(CEL)

)

R= 1,0 #« 0,017 * COSC {,72E»2 * FLOAT( 181 = L ) )
= 0 .

{72 = L ) )

HSR = = 3,82 & ARCOS( ( SIN(SRO) e CTWO ) / CTRI ) ¢ TC
RSS & 3,82 * ARCOS( ( SIN(SSQ) = CTw0D ) / CIRI ) + TC

TIME = =12,0

ROME = 0,0

ROME = 0,0

NN NOBS * ( LL =~ 1 )

C %% ENTEW INTERVAL LOOP .

O Ll R e R R AR R R I L R
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20la,
2075,
2076,
2077,
2078,
2079,
2080,
2081,
2082,
2083,
2084,
2085,
2086,
2087,
2088,
2089,
2090,
2091,
2092,
2093,
2094,
2095,
2096,
2097,
2098,
2099,
2100,
21048,
2102,
2103,
2104,
2105,
2106,
2107,
2108,
2109,
2110,
2111,
2112,
2115,
2114,
2ti15,
2116,
2117,
2118,
2119,
2120,
2121,
2122,
2123,
2124,
2125,
2126,
21274
2128,
2129,
2130,
2131,
2132,
2433,
2134,

AT

127

C *x

131

133
135

C *%

149

Cx*x C

Minie vt i a et b ear mheea e ates e e e A e e emasae e

DO 133
Symn =
RSUM

1¢ NGHS

Moz

IFC CLD(N) JLT, 0.1 ) GO TO 127

Mo=o2 4 INTC ( CLDIN) » 0,101 ) / 0,00 )
€8 = 1,0 = 0,h%*CLD(N) #% 2 '

ENTER HOUR {.00P

00 131 J = {» NMRS

TIME = TIME % 1,0

IF¢ TIME LLE, HGKR ,0R, TIME ,GE, HSS ) GO TO 134

AL = ARSIM( STHL{CANE) ¥ ST (DELY ¢ COSCCONE) * COS(RFLY #
A COS( 0,262 % TI®E ) )

IF( AL JLLEe 040 DR, Al oGty 1457 ) GO 10 13%¢ -

TEMP = AP(N) / 1013,0

CM = TEMP ¢/ ( SIN(CALY ¢ 0,85 % ( 57,3 % AL + 3,835 ) =%
A wi4253 ) )

TEMP = 0,17 % EXP( ~0,88 = CH ) 4 0,129

Al = EXP( o ( 04065 & 04134 % UC(N) ) * TEMP ¥ €M)

TEMP = 0,421 % EXP( 0,721 ¥ CM Y + 0,179

AT = EXP( » ( 0,4h% ¢ 0,134 % WC(N) ) * TEMP * CH )

Q0 = 0,33 * SIN(AL) / R ** 2

RSO = ATWN(1Y x ( 57,3 AL ) ¥ pTWO(Y)

RFO = ATWO(MY ¥ ( 573 AL ) X% 5Ya0(M)

IFC RFO oGT, 1.0 )} RFOU 100

U R %

hY]

IF( CH 46T, 1,5 ) MM &

TEMP = ALl ¢ 0.% F ( 140 mAl = DUST(KK,HM) )

TEMP = TEMP / ( 1.0 = 0.% % RSO'* ( (.0 =~ AI ¢ DUST(KK'MH) 3)
OT#0 = Q0 * TEMP ¥ CS

SUMO = SUMD + 0,5 ¥ ( GONE + QTWO )

RTw( = QTwW0 x ( 1,0 » RFO )

RSUM = RSUM + 0,5%( RONE + RTwWO )

QONE = QTwO

RONE = RTWQ

CONTINUE

RTEMP = 0,0

IFC SUMR LGT. 0,0 ) RTEHMP = RSUM / SUMR
TF( INDEX(7) Lb, 0 ) USIN) = SuyMB / HRS
ONS(N) = RTEMP ¥ (GS(N)

CONT1INUE

CONTINUE

NET ATMOSPHERIC

DO 149 J =5 NGD» MNINT

QAT(J) = {,233t~=16 * ( 1,0 « 0,17 % CLD(J) *¥ 2 )
A x ( DBY(J) + 273,0 ) x* b

CONTINUE

ALCULATE EQULIBRIUM TEMPERATURES

DO 169 J 3 NGOs NINT

N = IFIXC PTEMP ) / S ¢ §

TA & 55,9585 * (A ¢+ B8 % W5(J) )

LAMUBDA = 1,1T7Em3 ¢ TA ¥ ( BETA(N) ¢ 6,1FEwd ¥ AP(J]) )
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2135,
2136,
2137,
2138,
2139,
2140,
2141,
2142,
2143,
2144,
2145,
2146,
2147,
2140,
2149,
2150,
2151,

2152,

2153,
2154,
2159,
2156,
2157,
2158,
2159,
2160,
2161,
2162,
2163,
2164,
2165,
2166,
2167,
2168,
2169,
2170,
2171,
2172,
2173,
2174,
2175,
2176,
2177,
21784
2179,
2180,
21814,
2182,
2183,
2184,
2185,
2186,
2187,
2188,
2189,
2190,
2192,
2193,
2194,
2195,

PRESWIRAD

MU = 0,6 % OHS(J) ¢ GAT(J) » 7 306E=2 » TA *
A ALPH(N) n EACJ) » b,1Eet * AP(J) % DBT(J)Y )
ETCJ) = MU / LAMBDA
PTEMP = ET(J)
IFC PTEMP LT, 0,0 ) PTEMP = 0,0
1IF{ PTEMP 46T, 29,9 ) PTEMP = 29,9
169 CONTINUE

C ** WRITE OUTPYTS

173 DO 171 K = NGOy NINYe 50
CMAX B8 K o+ 49
IFC HAX oGT, NINT ) MAX = NINT
ARITE(H1601)
WRITE(He651)(Jy ONS(JI)y QOAT(S) e APCJSYy DBT(I)y EACJY
A wWS(J)e ET(J)e J = Ky MAX )
171 CONTINUE

IFC ITAPE ,LE. 0 ) RETURN

DO {75 J = NGO, MINT

AP(J) = 6,1E~4 & AP())
175 CONTINUE

ARITECITAPE) IYR+IDAY LDAY#NOBS

00 177 J = NGOy NINT

WRITECTTAPE) UNSCJ)yGAT(J)oAP(JY 1 DBT(I)ZEALI) 4 WS ()
177 CONTINUE

END FILE 1TAPE

REWIND ITAPE

RETURN

601 FORMAT(1HY,30Y, IMETEOROLOGIC DATA'/)
. i
651 FORMAT(3Xs 93HND NET SOLAR NET ATMOS AT PRESS DRY BL

tus EA WIND EQ TEMP
® //(I5+TF13,5))

671 FORMAT( // 20Xs 37HSOME NECESSARY PARAMETERS ARE MISSING //
A 22Xy {THXx PROGRAM HALTED )
END
SUBROUTINE SURC
COMMON/ABLK/ ABAR(200)s AREA(200)y DC(200)s NDENS(200), DHIC200)y

A DVOLC200)e DZ(200)e DZIC200)0 GHI(200)y QHQO(20D)y T(200)
B TD0T(200)s TEX(200)s THI(200)s vOL(200)» Z(200)y ZMID(200)

COMMON/BBLKZ Ay ATs BBe Eve NAVGe QCy QE, QNy DMAy GNS, QW
COMMON/CBLK/ .DST(365)e POOL(365)sy QIN(365)e RESTHM(365), TIN(365)

COMMON/DBLK/ DRODZ(SYe ELOUT(S)s NOUCSYy QOT(365:¢3%s TOUT(36513)
A TSPEC(345)y ®OT(Y) : '

COMMON/FBLK/ EUP(S)s .0UP(S) e TUP(S) ewuP (5) s 100UT(S0)y QORO(365)

COMMON/NDY/ ALy A2e A3y DELTe DRINe OTBYZ2s DZTe ED™AX, ELTCye EVAy
A EVAPs EXCOes GMAXe GMIMs GSWry TATe I6Te IDAYe IMIXe INTRPe I0ONE
2] IPRYe YTAPE, 1TwDs 1VaLse LDAY, MaXt, Ma%xXP¢ MBLETS, sQuSy HCHIS
C NTCo NREPs NSDe NSEGe NUMe [WUMEW NUMPy NUSTY NTRIBSy MNXEGe OT0

O . o m 3 A A e T ot — e mee o M e ene = e e om e et w n s w e e e -

i T e 1
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2196, D QUUTy RESELs RLENs 5DZy SHEAT. STARLE. VONEs VSUMy-VTDP, INT.

2197, E Cly £20 03

2198, COMMDL/NBLUG/TBUG

2199, COMMONZTERPER/TEMPAVeTENLEV(100)

2200, COMMON CINFLNCIOS»1a) s CLARCLINO0»16) e COTHLN(365086) 1AV(200)41(200)
2201, FFEE(2O0) 4P (200)03(R20093)45W(200)

2202, COMMUN/ZLAK/RCOMIDULE L pER2 ¢y NORDAY 9 XSDZaXDZTUOP W XATOP s XVTOP ¢+ NHOUR
2203, COMMUNZLAKP/DZTORPZ2 Y ATORZ VIORZ

2204, DIMENSION XTEMP(16)

2205,

2206, . :

2207, ROCTAY = 100040 = ((CTA w 3,98 ) #2 2%( TA ¢ 283,0 ) ) /
2208, A 503,57 ¢ ( TA % 67,26 ) ) )

2209, AF(X) = €1 + C2 ¥ X + C5 * X *¥x 2

2210, VE(X) 5 Cy % X +( C2 7/ 2,0 ) % X #% 2 % ¢ C3 / 3,0 ) % X ¥¥ 3
2211,

2212, C %% CALCULATE SOME MISCELLANENUS QUANTITIES

22143,

2214, 18UG=0

2215, TA = {,0 7/ S§D2Z

2216, D0 105 J =y MAXE

2217, 021(¢J) = TA

2218, TFXCJ) = T(J)

2219, ABAR(CJ) = 0,5 % ( AREA(J) + AREA(J+1) )

2220, 105 CONTINUE

2221, DELYT & 3%600,0 * FLOATC 24 / NXEQ )

2222, DTBY2 = 0,5 * DELT

2223, EVAR = 0,40

2224, IMIX = §

2225, IF(T(MAXE)eT(1)e6T4 (1) IMIX=MAXE

2226, NHOB = P4 7 NOHS

222?. . WHAXG & 28 7/ NXEG t

2228, NAVG & ( NHXD » § ) / NHOB + |

2229,

2230, C *x INITIAL OUTPUT TAPE WRITE

2231,

2232, IFC ITAPE LLE, 0 ) GO TO 119

2233, WRITE(ITAPE) IDAY» -LDAYs SDZe NOUTS

2234,

2235, C **%%Xx  ENTER DAILY INTERVAL LOOP *¥xxx

2236,

2237, 119 DD 279 L = 1DAYs LDAY

2238, IF(L,EQ,174) STOP

2239, IF(IBUG.EQ.Y) #RITE(6+1002) L

2240, 1002 FORMAT(/) sxexx4DAY NUMBERV 2 IS¢! #%x%¥¥k21/)

2241, RESEL = POOL(L)

2242, TSPEC(L) = TIN(L)

22u3, QI = QIN(L)

2244, NOWDAY=L ’ .
2245,

2246, C ** SyYRFACE ELEMENT PROPERTIES

2247,

2248, NUME = PODL(L) / SDZ + §,.,0

2249, IF( POOLCL) » Z(NUME) LT, 0075 ¥ SDZ ) NUME = NUME w
2250, NUMP s NUME ¢ | -

22514, NUM = NUME o |

2252, NULL = NUM e |

2253, ATOP = AF( POOL(L) )

2254, vSuM = yF( POOL(L) )

2255, VIOP 3 VSUM » VOL(NUME)

2256, DZT = POOL(L) » Z(NUME)
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2257,
2258,
2259,
2260,
2261,
2262,
2263,
22064,
2265,
2266,
2267,

2268, -

2269,
2270,
2274,
2272,
22735,
2274,
2275,
2276,
2277,
2278,
2279,
2280,
22814,
2282,
2283,
2284,
2285,
2286,
2247,
2288,
2289,
2290,
2291,
2292,
2293,
2294,
2295,
2296,
2297,
2298,
2299,
2300,
2301,
2302,
2303,
2304,
2305,
2306,
2307,
2308,
2309,
2310,
2314,
2312,
2313,
2314,
2115,
2316,
23{7,

I T N L L L R e R R T IR LR Sl I R I IR IR R el A T NI R it

NZTOP =2 0,5 * ( SNZ + DT )
PASS VARIABLES TU SUBkOUTIME LAXCON
XSNZrS02

XDZTOP=DZTOP

XATOP=ATOP

XVIOPzvIOP

Lif=L+}

IF(LJEQ,LDAY) LPIsL
ATOPR=AF(POOLCLPYL))
VI0P2aVE(POOL (L P1))nVOL (NUME)
QZTOP2=POCL(LP 1) wZ (NUME)
DZTOP2= 5% (SDZ+D2TORP2)

C *k¥x¥ ENTER EXECUTION INTERVAL LOOP #%¥%x

163

164

DN 271 M = 1y NXEQ

NHOURSMN*24/NXEQ

DO 163 J 5 1y MAXE

AV(J) = 0,0

OHI(d) = 0,0

GHO(J) = 0,0

FEE(J) = 0,0

SwiJ) = 0,0

CONTINUE

N = (M » | ) % NHXQ )

IF( HOD(NH«NHOR)Y LE0e 0 ) CALL SUBDC TFX(NUME) + .DELT *TDOT(NUMKEY)
EVAP = EVAP + EV x DELT ’
EvA = Ey * ATOP '

C *% CALCULAYE THE DENSIYY PROFILE

- DO 165 J = {» NUME

165

DENS(J) = ROC TFX(J) )
COMTINUE
DENS(NUMP) = DENS(NUME)

C *x LOCATE THERMOCL INE

169

NTC & NUME

TA = 0,0 :

DO 169 J = 1 NUM

T8 = DZI(J) ¥ C TFX(J+1) = YFX(J) )
JFC TB LT, T4 ) GO TO 169

NTC & J

TA & 1B

CONTINUE .

ELTC = Z(NTC)

C *#* CALCULATE THE DIFFUSION COEFFICIENT

175

DO 175 J = 1y NUM
DC{J+y) .= Ay
Ta =(2.0 * DZICJY *¢ ( DENSCJ) » DENS(J+1) ))/ ( DENSCD)
A+ DENSCJ+1) ) .
18¢ TA LLE, GS4H )Y GD T0 §75 .
DC(J*1) = A2 * TA *x A}
CONTINUE
DC(1) = 0,0
DC(NUMP) = 0,0

C ** CALCULATE RATE OF HORIZONTAL ENERGY INPUT
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2318,
2319,
2320,
23218,
2322,
2323, c
2324,
2325,
2326,
2327,
2328,
2329,
2330,
23134,
2332,
233%,
2334,
2335,
2336,
2337,
2338, c
2339,
2349,
23414,
23424 o
2343,
2344,
2345,
2386,
2347,
2348,
2349,
2350,
2351,
2352,
2353,
2354,
2355,
2356,
2357,
2358,
2359,
2360,
2364,
2362,
2343,
2364,
2365,
2366,
2367.
2368,
2369,
2370, C
2371,
2372,
2373,
2374,
2375,
2376,
2371,
2378,

D g

CALL SUBH( L FEEy 200 )
CALL SUBE(MyL) !

k% CALCULATE RATE OF SOLAR ENERGY INPUT

211 TA = RESEL w 0,3

TB = RESEL.n EDMAX

DO 213 J = 1y NUME

K 3 NUMP @ J .

CIFC Z(K) JLT. TS ) GO TD 215

SW(K) = EXP( EXCO # ( £(K) = TA ) )
213 CONTINUE :
215 O6wWw & 0,h ¥ QNS

0O 219 J = Ko NUM

Sw(J) = ABAR(J) # QSW * ( Sa(J+1) = su(J) )

219 CONTINUE

SWINUME) = ATOP * Q8w * ( {40 » SW{NUME) )

*% CALCULATE RATE OF SURFACE ENERGY INPUT
SHEATz GN = 0,6 * ONS & GE = OC
x%x ESTIMATE INITIAL RATE OF TEMPERATURE CHANGE

IFC L LNE, IDAY ) 60 7O 220

IFC M ,nE, 1 ) GO TO 220

TINUKP) = T(NUME)

VERT = 0,0

TA = 0,0

Co 157 J 2 i+ nUIE .

10 = DZI(J)

IFC J LEG, NUM } TD = 1,0 / DZTOP

TC TA » T8 ¢ FEE(J) o QHOC(JI) % DEKNS(J) *
TA & TB
K3 Jae
IFC VERT ) 191, 193, 192
198 K = ’
192 TC = TC + VERT % T(K) * DENS(K)
193 K = J
VERT 3 VERT 4 QHI(J) = aNO(J)
IFC VERT ) 194+ 196y 195
190 K = J +
195 TC = TC « VERT % T(K) * DENS(K)
196 1D = DVOL(J)
IF( J 4EQ, NUME) TD = VTOP
TDOT(J) = TC ¢ ( DENS(J) # 10}
197 CONTINUE
GO TQ 30%

**% FORM SOLUTION MATRICES

220 DO 221 J = e NUME
P(J) = FEE(J) + SA(J)
22t CGNYINUE
P(NUHME) = P{NUME) 4 SKEAT * ATOP
D0 225 J = 1+ NyMt
8(J) = T(J) + DIBY2 * TDOTLJ)
225 CONTINUE

T8 = AREA(J+I) % DC(Jel) * TD * ( T(J) » T(J+1) )
= TG) + SW()
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-—

229

- s PSSy U VO SR VO

YA = 0,
QvVy = 0,0

DD 229 J = 1» NUM

Gve = QVI 4 OHI(JY « aQHOo(J)

T0 3 D2I()

TFC J (D¢ NUM ) TD = 1,0 / DITNP

T8 = AREA(J+1) % DC(J+1) % 10

S(Jel) = » TA

IF(C QVE WGTa 0,0 ) S(Jel) = » ' TA 4 QV] # DENS(J~1) )
S(Je3) = =~ TB

IFC - GV2 ol.Te 040 ) S(J93) = m ( TR » OVe ¥ DENS(JeL) )
'TC = QHO(J)

0
.

IFC Qvy LL.T, 0,0 ) TC = TC » QVi
IF( QVve 6T, 0,0 ) TC = TC + Qv
SCJs2) = TA ¢ THE 4+ TC ¥ DENS(J)
Qvy = Qve

TA = T8

CONTIHUE

S{NUNEs{) = =» TA

IFC GVY 6T, 0,0 ) S(NUME.L) = o ( TA + OVI # DENS(NUM) )
GV2 = QVI ¢ QHI(NUME) = QHO(NUME)

TC = QHO(NUME) ¢+ Qv2 '

IFC QVY (LT, 0,0 )} TC = TC = QV{

S(HUME2) = TA + TC * DENS(NUME)

S(NUME.3) = 0,0

PC1) = PCY) w» ¢ S(142) * B(1) + S(¢1e3) * 8(2) )

DO 235 J =z 2y NUME ‘

P(JY = PLJY o ( S(Je1) % B(J=1) + S5(Je2) ¥ B(JY ¢ S(J3) *

‘A B(J+1) )

235

239

C *x

245

251

C **

CONTINUE

DO 239 J 3 1 NUME

8CJet) = DIRY? % 8¢9 1)

TA = DVOL(J)

IF(C J JEQ, NUME. ) TA = VIOP

StJe2) = DTHY2 % S(Je2) + DENS(J) * TA
S(Je3) = DTBYZ2 * §5(Je3)

CONTINUE

SOLVE FOR FINAL TEMPERATURES

P(1) = P(1) 7/ S(§+2)

S(193) = S(1+3) /7 §(1+2)

DO 245 J = 2+ NUME

TA = §(Jer) = S(J91) * S(Jmw143)

P(JY = ( PCJ) =~ S(Jetl) * P(JmL) ) / TA
S¢Je3) = S(Je3) / TA

CONTINUE

TOOT(NUME) = P{NUME)

TC(NUME)Y 5 B(NUME) + OTBY2 * TOOT(NUME)
DO 251 J = 2¢ NUME

N = NUMP w» J

TOOT(N) = P(N) » S(N+3) ¥ TDOT(N4Y)
T(NY = B(N) + DTBY2 & TDOT(N)

CONTINUE

TCNUMP) 3 T(NUME)

*%  SMO0TH THE PROFILE

TEX(1) & TC1)
TEXCNUME) = T(NUME)

s kR T R b T I e R b
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2440,
244y,
2442,
2443,
2444,
2445,
2446,
2““7.
2048,
2449,
2450,
2451,
2452,
24si,
2us5¢6,
2455,
2456,
2457,
2458,
2059,
2460,
2464,
2462,
2U63,
2464,
2465,
2466,
2467,
2468,
2469,
2470,
2474,
2472,
2473,
2474,
2475,
2476,
2477,
2478,
2479,
2480,
248y,
2482,
2483,
2484,
2485,
2486,
2487,
2488,
2489,
2490,
2491,
2u92,
2493,
2494,
2495,
2496,
2497,
‘2498,
2499,
2500,

DO 253 J = 2y NUM
TEX(J) = 0,25 # ( T(J=1) # 2,0 % T(J) + T(J+3) )
253 CONTINUE
DO 254 J a 1s NUME
T0J) = TFX(J)
254 CONTINUE

C *¥%x MIX THE RESERVOIR AS REQUIRED
IF(IBUG,EQ,1) :
) EWRITECAOLOOD) NUME W (TCLJIY ' LISToNUNP)
1000 FORMAT(! SUBC==NUME =1415/(20F6,2))
IMIX = NUME~
GIEM = GMIN
IFC L JLT, 75 ) GTEM = «1,0E=3
256 DO 257 J = fy MULL
NN = O '
GRAD = ( T(J+1) = T(J) 3 * DZICIYH .
IF( GRAD 6T, GTEN JAND, GRAD (LT, GMAX ) GO TO 257
GO TO 258
257 CONTINUE
NN 3 NUM :
GRAD = ( T(MUME) = T{NUM) ) / DZTOP
1IFC GRAD ,6T, CTEM LAND, GRAD LT, GMAX ) GO TO 30t
258 IMIX = NN
GTEM = =} ,0F=3
TA = VIOP * T(HUME)
DO 259 J = IMIXy NUM
TA = TA ¢ DVOL(J) * T(J)
259 CONTINUE
TA 2 TA / ( VSuM » VOLCIMIX) )
Do 260 J = IMIXe NUME
T(J) = TA i
TFX(J) = TA
260 CONTINUE
IF(IBUG,EQ,1) WRITE(6e1003) IMIXeNUME»(T(JL) 9»JLETHMIX ¢NUME)
1003 FORMAT(! TEMP KAS HEEN CHANGED FROMU14IG, ! TN14I%/(20F6,2))
GO 7O 2%6

C sx UPDATE FOR ELEMENT INCREASE

304 DO 302 J = NUMEs MAXE
T(J) = T(NUME)
TROT(J) = TDOT(NUME) -
TEX(J) = T(NUME)
302 CONTINUE
IFCIRUG,EN,1) WRITEC691008) LoMyIMIXeMAXE
1004 FORMAT(! SUBCm=DAYySTEPIMIXsMAXE=194110)

C *% CALCULATE DOWNSTREAM TEMPERATURE

TA 3 0,0
DO 265 J =& 1+ NOUTS
TA = TA ¢ QOTCLYJ) > TOUTLH )
265 CONTINUE

DST(LY = TA / QouT -
RESTHM(L) = VSUM /(AMAXI(RIOO0UT) * 8,64E4 )
DO 400 JL=1eMAXE

400  TEMLEVIJLISTFX(JL)

¢ MIX ALL LEVELS FROM IMIX TO NUME
VOLMIX=0,
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25014,
2%02,
25038,
2504,
2505,
25006,
2507,
2508,
2507,
2510,
2511,

2512,

2513,
2514,
2515,
2516,
2517,
2518,
2519,
2520,
2521,
2522,
2523,
2524,
2525,
2526,
2527.
2528,
2529,
2530,
2531,
2532,
2533,
2534,
2535,
2536,
2537,
2538,
2539,
2540,
2541,
2542,
2543,
2544,
2545,
2546,
2547
2548,
2549,
2550 4
2551,
2552,
2553,
2554,
2555,
2556,
2557,
2558,
2559,
2560,
2561,

420

440
430

450

U609 @

1004

C *%

263
267

271

520

540
530

550
279

624
909

303
819
608

DO 620 JLs1,KCON

XTEHP (JL) =0, o
00 430 JLaIHIXeNUME

XX=0voL{JdL) ‘
IFCILLEGUIMEY XX=VTOP

VOLMIXSVOLMTIX4+XX

DO adn JA=14XKCON
XTEMP(JK;:XIE“P(JK)fCLAK(JLuJK)*Xx

CONTINUE

DO 4%0 JL=tenCon

KTYEMPCILY=XTENRP(IL) /VOLNTX

DO 060 JK=IMIXsLUME

D0 460 JL=1»yKCON

CLAK (IR JL)=XTHMP (L) :
IFCIBUGLERW 1) wRITEC(H2ID0U)Y IMIXehUFE s XTEMP
FORMBAT(! SUHCaTIMIXeNUME o XTENPS 1 42T10/7F8 ,U4F8410RF80)
CALL LAKCON

CHECK FOR OUTPIT INTERVAL

IA =0 .

IFC M JNE, IVAL ) GO TO 271

IFC MODCLWIPRT) «EGe 0 oOR. L +EQ, IDAY ) I4a = |
DO 263 J = 1+ NSO .

IF( IDOUT(Y) (EQ, L ) IA = 4§

CONTINUE

IFC IA 6T, 0 ) CALL PRNT{L,H)

IFC ITAPE 4GT, 0 ) WRITECITAPE) Ly NUMEY ( TFXC(J)e J = 1+ NUME )
CONTINUE

CALCULATE OUTFLOW CONCENTRATIONS FOR DAY |
FLOOUT=0,

DO 520 JL=1+KCON )

XTEMP(JL)=0,

DO 530 JULz1WNUHE

IF(QHO(JL) 4EQ,0,) GO TO 530
FLODUTEFLOOUT+GHOCIL)

DO 540 JK=1+KCON

XTEMP(JK)=SXTEMP (JKI+QHOCIL)Y*¥CLAK(JIL ¢ JK)

CONTINUE

DO 550 JL={sKCON

COTFLOCL e JLI=XTEMP(JIL) /FLOOUT

CONTINUE

WRITE(O$621)(Jy DST(JI)e J = IDAYy LDAY )
FORMAT(iHL /730Xy SOQUTFLOW TEHPERATURES (CENTIGRADE)V//
*7() DAY TEMB 1Y/Z(7(17+F8,2)))

WRITE(6¢909)

FORMAT({HT¢//35Xs ILAKE OQUTFLOW CONCENTRATIONS!//)
ARITE(HehA0B)

00 307 I=IDAY LDAY

WRITEC(OIBLD) Te00TCIe i) e (COTFLOCIWLI) 1L J=1eXCON)
FORMAT(IRWFR 2 eFH 20k Ta205F T4 oF10,108F7,3)

FORwAT (! ney FLow DU BOD WH3eN  NO2=v AD3~N POU4=P
X PHYTO COLIFORMS HM{ Hp R RM3 TOT N CHLGR  MMIL  HH12
x HMIZE/ V NUMBER (CFS) (MG/L) (MG/LY (MG/L) (MG/L) (MG/LY (M

$G/L) (MG/L) (PPN/100) (MG/L) (MG/L) (MG/L) (MG/L) (MG/L) (4G/L) (M
2G/L) (MG/LIYY)

IF( ITAPE oLE. ¢ ) RETURN

WRITECITAPEY ( TSPEC(J)s J = IDAY, LAY )

WRITECITAPEY ( ( WCT(JoR)eK = {1 KGUTS ) J = IDAYs LD2Y )
WRITECITAPEY ( € TOUT(JeK)I ek = f¢ HOUTS)e J = IDAYr LOAY )
WRITECITAPE) ((CUTFLOCJIWK) sK=19KCON) o J=TIDAYLDAY)
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2563.
2564,
2565,
2566,
2467,
2568,
2569,
2570,
2574,
2572,
25738,
2574,
2575,
2576,
2577,
2578,
2579,
2580,
2581,
2582,
2583,
2584,
2585,
2586,
2587,
2588,
2589,
2590,
2591,
2592,
2553,
2594,
2595,
2596,
2597,
2598,
2599,
2600,
2601,
2602,
2603,
2604,
2605,
2606.
2607,
2608,
2609,
26410,
2611,
2612,
2613,
2614,
2615,
2616,
2617,
2618,
2619,
2620,
26214,
2622,

C *x

C *»

103

C **

107

109
115

C *»

D T T P O O P v

END FILE ITAPE

RETURN

LD

SUBROUTINE SULD( TA )

COMMON/ZEBLK/ Ay ATy BBy EVe NAVGe QCe OF RNy GNAy ONS, NA

COMMUN/NDVYZ ALy A2e ASy DELTe DOIN» CTBY2y 0DZTe EDIAXy $LTCy EVAe
A EVAP, EXCO, GMAX,y GMIN, GSwr, ITAT, IBT, IDAY, INIX, IMTPy IONF,
B IPRTe ITAPES ITa00 IVALe LDAYs HAXES PAXP) NLETS, MNORSe MGUTSH
C HNTICe NREP2 NSO HSEGe NUMe NUME,y MUFPY NUSTe MTRIBS, YXEDe Gl
D QOUTs RESELs RLENs SDZy SHEAT STABRLES VONF VSUMy VTOP, INT,
£ Cis C2y C3

REAL DATA(846)

CALCULATE HVe ROSy ES

HY = G97,0 = 0,57 ¥ TA

ROS = 100040 = (((TA » 5,98 ) *¥ 2%( TA 4 283,0 ).) /
A (503,57 % ( TA « 87,26 ) ) )

ES = 2.,1718k8% EXP( ®43157,0 / ( TA ¢ 239,09 ) )

READ WEATHER RECORD FROM UNIT 9

DO 103 J = 1y NAVG N

READCINTY ( DAYA(J4K)y K B {1y 6 )

CONTINUE
AVERAGE INPUT DATA AS REQUIRED

IF( NAVG LE, 1 ) GO 1O 115

TC 8 {00 / FLUAT( NAVG ) \

DO §09 K = 1y &

T8 2 0,0

DO 107 J = 1» NAVG

7B = TYB ¢ DATA(JK)

CONTINUE

DATACLsK) = TC * T8

CONTINUE

GNS = DATA(141)

GUNA = DATA(192)

AT = DATA(1,4)

EA = DATA(14+5)

WS = DATA(i+6)

CALCULATE QEs OCs AND QW

EVv e ( WS * BR ¢« A ) * { ES » EA )

IF( EV (LT, 0,0 ) EV = 0,0

GE = ROS * HV ¥ EV

RB = DATA(1+3) * ( TA w AT ) /7 ( ES = E& )

9C & QE * RB

GW = T,36Fee ¢ {1 ,17TEad * TA

ON = QNS ¢ GNA » QW

RETURN -

END

SUBRDUTINE SUBE( My L )

COMMON/ABLK/ ABAR(200)e AREA(Z20C)s DC(P00)y NENS(200)s CHI(200)
A DVOL(200)s DZ(20N0Ys DZI(2G0)y QHI(200) e QWN(200)s T(P00Y

B IDOT(200)y TEX(200)s THIC(200) e VOL{220)r 2(200) ZMIN(209)
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2623,

2624, COMMON/CBLKY DST(365) s POOLC36SYy QIN(36%5)y RESTM(36S)y TIN(I6S)
2625,

2626, COMMON/DALKYZ DRODZCESY e ELQUTISY e NOUCS) s QOTE36543) 0 TOUT(365403) 0
2627, A TSPEC(365)y wWOT(S)

2628, *o ISKACU(S)

2629, :

2630, COMMON/ZFBLK/ EUR(5) s QUP(S)r TUP(S) skUP(S)e IDOUTLS50) e GORN(365)
2631, . .

2632, COMMON/NDY/ Ale A2y A3y DELTy DQIMNe DYAY2, DZTy EUMAX, ELTCy EVAy
2633, A EVAPy EXCOs GMAXy GNINy GOsMy TaTy I0Ty JUOAYe IBIXs INTPy 10ME
2634, B IPRTe ITAPE ITWOo IVALY LUAYy SAXF, SAXPy KLETS NORSe NOUTSS
2635, C NTCy NREP, MSDe NSEGy NUMy NUFE, NUMP, MISTe NTRIBRS, NXERs Al
2636, D GNUTy RESFLy RLENs SDZy SHEATe STARLEs VONEs VSUMs VICP, INT»
2637, E Ciy C2¢ C3 '

2638, COMMON/DBUG/IBUG

2639,

2640, REAL TQHD(200)

2641,

2642, C  ¥xx%  SUM TOTAL OUTFLOW

2644, QOUT = 0,0

2645, QsPL=0,

2606, DG 101 J = §¢ NOUTS

2647, GOUT = ROUT + QO0T(LJ)

2648, GOT(LevJd) = 0,0

2649, 101 CONTINUL

2650, IF(IBUG,EQ, 1) wRITE(6y1000) LyOQOUT

2651, 1000 FORMAT(! ENTERING SUBE ON CAY 'yl69! QOUT =1¢E20,8)

2652,

26535, . DO 10 J={¢NOYTS

2¢54, IeLIseNnoU(lY E0,0) GO TC 2

2655, T ONQUCJ) =NUNE

2656, ELOUT(J) =2 {NUME)

2657, GO TO 10

26%8, 2 CONYINYE

2659, D0 5 JL=1sNUME

2660, IF(ELOUT(J),,GT,2Z(JLY) GO TO §

2661, NOU(J) =JL

2662, Go TO 0

2663, S CONTINUE

2664, NOU(J)=NUME

2665, 10 CONTINUE

2666, -

2667, C wxxx FESTIMATE TEMP AND FIND HIGHEST QUTLET

2668,

2669, MAX = NOUTS

26704 DO 104 J = fe¢ MAX

2671, TOUT(LJ) = 0,0

2672, K & NOUCJd)

2673, TOUT(LJ) = TFX(K)

2674, IFC L,ER, IDAY ) GO TO 104 ) .

2675, IF( QOT(L=14J) 6T 040 ) TOUT(LWJ) = TOUT(LeleJ)

2676, 104 CONTIMUE

2677, IF( MOD(NSEGs2) LEQ, 0 ) GO TO 107

2678, (» IF NOT OPERATING TO MEEY OBJECTYIVEs DISTRIBUTE EVENLY,

2679, DO §§ JL=14NOUTS

2680, 11 GOT(L+JL)ISGOUT/NOUTS

2681, GO Y0 21

2682,

2683, C *x%x  (PERATE 7O MFEY QHUECTIVE

Ao o = oy e n gy e = L v Yl Y = e e oy L T = m = w ke m e ST e e M e M Em e e s m e E A e s e .-
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2684,
2684,
2686,
2687,
26088,
2689,
2690,
2691,
2692,
2693,
2694,
269%,
2696,
2697,
2698,
2699,
2700,
27014,
2702,
2703,
2704,
2705,
2706,
2707,
2708,
2709,
2710,
2711,
erie,
2743,
2714,
2715,
2716,
2717,
2718,
2719,
2720,
2721,
2722,
2723,
2724,
2725,
2726,
2727,
2728,
2729,
2730,
2734,
27132,
2733,
2734,
2713%,
2736,
2737,
2738,
2739,
2740,
274y,
2142,
2743,
2744,

107

109

111

112

113

TORJ = ¢ GOUT % TSPEC(LY o QSPL * TOUT(LHOUTSY ) /
( GOUT = QSPL )

MAX = NOUTS m §

1IFC TORJ L,GT, TOUTCLet) ) GO TO 109

QOT(Ly1) = QOUT » Q5P|

GO TO 121 .

IFC TOBJ LT, TOUT(LWMAX) ) GO TO 11ty

GOTCLWMAX) & QOUT = QSPL :

GO 10 et

DO 112 J = 24 MAX

CIFC TOUTLLed) JLTe YOBJ ) GO TO ti2

KLO = J »

60 TO 113

CONTINUE

NLO = HAX

OOT(LyNLO) = ( ODUT m QSPL ) ¥ ( TOUT(LMAX) » TOBJ ) /
( TOUTCLMAX) = TOUTCLeNLO) )

IF( MAX LE0, NLO ) GO TO 12t

GOT(LoMAX) = GOUT = QOT(LINLO) = QASPL

C ¥ ENTER MAIN DISTRIBUTION LOOP

121

122

123

1001

D0 299 J = §y NOUTS

N = NOUCJ)

DRODZ(J) = 0,0

IFC GOT(LsJ) 4GTs 0,0 ) GO YO (22
GO YO 299

DD 123 K = {, NUME

TARHO(K) = 0,0

CONTINUE

UNTITR = OATCL. 1) / wAT(D)

ODEB = GOT(LsJ)

1CRAY & -0

JHMIN =

JMAX & NUME -
IF(IBUGL,EQ,1) WRITE(6+1001) IMIX
FORMAT(1 IMIX &1¢15)

IF( IMIX ,LTe N »w 2 ) GO TO 205

€ ** NOT MIXED *% USE DEBLERS CRITERIA

124

MAX = N ¢ 7 :

IF( MAX LGT, NUME ) MAX = NUME
TA =2 » BETA(N®T7e¢MAXDENS200)
DRODZ(J) = TA ’
IFC TA 4GT, 0,0 ) GO TO 13¢

C %% NEGATIVE OR ZERD DENSITY GRADIENT

125

NLO =3 N
NUP = N
IFC NLO 4GT, 1 ) NLO 2 NLD «t
IF(C NUP LLT, NUM ) NUP = NUP +
TA = ( DENS{NLO) = DENS(MUP)Y )} / ¢ ZMID(NUP) = ZMID(NLO) )
I1FC TA L,GT, 0,0 ) GO TO 3% .
IF( NLO ,LE, § ,AND, NUP ,GE, NUM )} GO TO 347
GO 10 §25 :

C #% CALCULATE wITHDRARAL DEPTH
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2745,
2Tu6,
2747,
2748,
2749,
2750,
2751,
2752,
2753,
2754,
2755,
2756,
2757,
2758,
27159,
2760,
2761,
2762,
2763,
2764,
2765,
2766,
2767,
2768,
2769,
2770,
27748
27172,
2773,
2774,
2775,
2776,
2777,
2778,
2779,
2780,
2781,
2782,
2783,
2784,
2785,
2786,
2787,
2788,
-2189,
2790,
27948,
2792,
2793,
2194,
2795,
2796,
2797,
2798,
27199,
2800,
2801,
2802,
2803,
2604,
2805,

131 IFQ N ¢NE4 1 JAND, N GNE. NUMEL GAND, ICRAY LEGe 0 ) UNITO &
A 0,5 ¥ unNITO '
IF(IBUG,ERL1) WRITE(G61005) TA
1005 FORMAT(! TA FOR DT =t4E20,8)
DT = SHRT( 42,0 % UNITO / TA ¥¥ 0,5 )
IFC ICRAY (6T, 0 ) GO TO 139
TA = -ZMID(N) 4 OT
IFC TA GT, ZINUKE) ) GO TO 3139
DO {35 K = {1y NUME
JHAX = NUME & K
CIFC Z(IMAXY JLTe TA )Y GO YO 139
135 COMTINUE
139 TA = ZMID(N)Y » DT
IFC TA LY. Z2(2) ) GO TO 47
N0 $u3 X = 4y NUNP
IFC Z(X) ,LT, TA ) GO TO 143
JMIN 3 K o
GO Y0 t47
$43 COMTINUE
JMIN 3 NUME

C *% DISTRIBUTE QUTFLOWS

{7 CONTINUYE
TA = VOLCJIMAX$L) » VOL(JIMIN)
IFC JMAX ,GE. NUME 3 TA = VSUM w VOL(JMIN)
TA = ODEB / Ta
157 DO 163 K = JMINs JMAX
TOQHO(K) = Ta x DVOL(K) .
IFC K LER, NUME ) TQHO(KY = TA * vIOP
GHO(K) = QHO(K) + TQRHO(K)
163 CONTINUE !
IFCIBUGLEQ,, 1) WRITE(6+11002) JMINGJMAX I ICRAY DT PUNITQ
1002 FORMAT(! JUMIN»IMAXeICRAYsDTIUNITO =19315¢2E20,8)
60 TO 225 :

C #x CONVECTIVE MIXED QUTFLOW EXRRIXREKE

205 IF( ImIx ,LE, 2 ) GO TO t47
TA = DENS(1) = DENS(IMIX)
IFC TA JLE, 0,0 ) 60 TO 147
QDER = 0,0
TC £ 04,1508
IFC N LEQ, NUME ) TC = 00,0742
209 DT = RESEL = Z(IMIX)
GCRIY = TC & DT * SQRT( DT ¥ TA )
214 GCRAY = COT(LsJ)
IFCIBUG,EQ,1) wRITE(6e1006) UCRIT.GCRAY
1006 FORMAT(' QGCRIT+BCRAY AT STATEAENT 211 =142E16,8) .
1F( GCRIT ,GE, UNITO ) GO YO 215
QCRAY = QOT(LJ) * ACRIT / UNITQ
QDER = QOT(Ls+J) » QCRAY
ICRAY {
UHITO = QDER / »wO0T(I)
IF(I81G,ED1) WRITE(691007) QCRAY,QDEBIYNITO -
1007 FORMATC(Y ICRAYS1+QCRAYIUDEBouiITA=1¢3L16,8)
215 TA = QCRAY / ( vSuM e VO (IMIX) )
DO 219 K = IMIXy NUM
TUHO(K) = TA * DVOL(K)
ON(K) = DROC(K) ¢ TOHO(K)
219 CONTINUE

R S R P L L R L R I S aihd W s m e mmKr = e e em s m e ——
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2806, . TOQHO(NUME) = Ta ¥ VTOP

2807, GHO(NUME) = QHOCNIREY 4 TOHO(NUME)

2808, 1F( ICRAY ,LE, G ) GO TO 225

2609, : JMAX = IHIX = §

2810, N = IMIX »

28114, MAX = JHAX

2812, GO 10 124

2813, .

2814, C #% CALCULATE QUTFLOW TEHPERATURE

281S,

2816, 225 . TA = 0,0

2817, T = 0,0 )

2818, DO 229 K = {9 NUME

2819, TA = TA 4+ TUHO(K) % TEX(K)

2820, TH = TH ¢+ TOHO(K)

2821, 229 CONTINUE

2822, TOUT(Lsd) = TA ©2 TR

2823, 299 COMNTINUE

2824, RETURN

2825, END

2826, SUBROUTINE SUBG(NPs DATAy N )

2827,

2828, COMMON/ZABLKYZ ABAK(200) ¢ AREA(200)y DC(200)y DENSC200)s CHICR00)
2829, A DVOLL200), 07(200)e DZ2T(200)y GRI(2N0)s GHOC20C) s T(C200)
2830, B TDOT(200)s TFX{200)s THIC200)y VOL(200)s Z(200)e ZMID(200)
26831,

2832, REAL DATA(N)

2833,

2834, C *x DEFINE END POINTS

283%,

2836. DH = 0.0

2837, - M3 . \

2838, DO {04 J = 24 NP

20639, NLO = M ¢

2840, DO 101 K = NNy N

2841, IFC DATA(K) +EQ, 0,0 ) GO YO 101

2842, DH = ( DATA(K) = DATA(M) ) / C Z(K) » Z(M} )

2843, M= K

2844, GO 70 to02

284S, 103 CONTINUE

2846, -

2847, C *% INTERPOLATE BETWEEN POINTS

2848,

2849, 102 DO 103 X = NLOy» M

2850, DATA(K) = DATA(KwY) + DK * DZ(K={)

2851, 103 COMTINUE

2852, 104 COMNTINUE

2853, RETURN

2854, END

2855, SUBROUTINE SUBH({ L¢ FEEs M )

2856, .

2857, COMMON/ZADLK/ ABAR(200)s ARFA(Z200)s DC(200)¢ CENS(200)y NHIC200)
2858, A DVDLE200)e DZ2L200)e BZYIL200)s CHI(200) s BHO(200) s TLPL0)
2859, B TDOT(200)s TFX(200)s THI(200)y VOL(200)s Z(200) 7MIN(200)
2860, .

2861, COMMOM/CBLK/ DST(365)s POOL(365)¢ GIN(365)e RESTM(365)s TIN(36S)
2862, ' .

2863, COMMON/DRLK/ DRODZ(S) s ELOUT(S)e NOLU(S)s QOT{36S5e3)e TOAUT(36513)
2864, A TSPECC(365)s wWOT(H)

2865,

28606, COMMON/ZFRL K/ EUP(S)y QUP(SYe TURPTS) exUP(S) e 10DNUT(S0)y ANRO(36S)
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2867,
2868,
2869.
20870,
28710
2872,
2873,
2874,
28175,
2876,
2877,
2878,
2879,
2880,
2881,
2882,
2883,
2884,
2685,
2886,
2887,
2888,
2889,
2890,
2891,
2892,
2893,
2894,
2895,
2896,
2897,
28948,
2899,
2900,
2904,
2902,
2903,
2904,
2905,
2906,
2907,
2908,
2909,
2910,
2911,
2912,
2913,
2914,
2915,
2916,
2917,
2918,
2919,
2920,
29214 .
2922,
2923,
2924,
2925,
2926,
29217,

NSy v e L 2 S . S e B L W T 9 e oy 4 LT T S b P s 89 % s N e A e YR T m e Lm e LW R M Ge M M e s Rmemm m T o s s mm e s om s e el ol e

¢

c

c

c

COMEON/NDVY/Z ALy A2« ASe DELTy DIy DYRY2, DT, EDMAX, FILTCy EVA

EVAPy EXCOs GMAXe GMINe GSWHe 1ATe T8T, TOAY, IMIXe 10TP

00UTy RESEL s RLENY SDZs SHEAT, STABLE, VONtr VSUMe VYOP,
Cly C24 C3
COMMON/DBUG/ZIBUG

OO T >

REAL FEE (M)

RO(YA) = 1000,0 ~ (((TA » 3,98 ) *% 2%x( VA + 2035,0 ). ) /-
A 503,57 % ( TA + 67,26 ) ) )

JHIN = g
JMAX = NUME

¥x FIND ENTRY LEVEL

RUP a ROC TIN(L) )
00 109 J = 1+ NUME
N = J
IF¢ RUP LGE, DENS({J) ) GO TO 113
109 CONTINUE .

*% CHECK REGIONS

$13 IFC N L Te IMIX +OR, IMIX + 4 (GT, NUME ) GO TO 119
JMIN = IMIX
TA = QY % DELT
IFC VSUM = VOL(IMIX) ,GT, TA ) GO TO 29
Do 118 2 = ;5 nuME
JMIN = NyMP »J
IFC VSUM e VOLCJMIN) .67, TA ) GO TO 129
115 CONTINUE
GO TO 129

*% ESTABLISH THE DENSITY GRADIENT

119 MAX = N + 7
IF{ MAX o6T, NUME ) MAX = NUME
TA = » BETA(Na7 MAXIDENS»200)
IFC TA ,GT. 0,0 ) GO T0 127
NLO 2 N .
NUP = N
123 IFC NLO 6T, § ) NLO = NLO » |
IFC NUP (LT, NUM ) NUP = NUP ¢ | :
YA = ( DENS(NLO) » DENS(NUP)Y ) / ( ZNID(NUP) = ZHMIN(NLO) )
1IFC TA ,GT, 0,0 ) 60 T0 127
IF( NLO ,LE, § oAND, NUP LGE, NUM ) GO TO 129
GO TO (2%

*%¥ CALCULATE WITHDRAWALS

127 TA = SQRT( TA )
DENOM=AREA(N)
IF(DENOM, LG, 0,) DENOM=AREA(NM4YL)
UNITOz ,5#Q1*RLEN/DENOM 2
DT = SQRT( 42,0 * UNITQ 7/ TA )
IFLO = DT / 502 .
IFC 2 % IFLC ,GE, NUM ) GO 10 {29
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2928,
2929,
2930,
2934,
2932,
2933,
2934,
2935,
2936,
2937,
2938,
2939,
2940,
294y,
29042,
2943,
2944,
294%,
2946,
2947,
2948,
2949,
2950,
2951,
2952,
2953,
2954,
2955,
2956,
2957,
2958,

2959,
2960,
2961,
2962,
2963,
2964,
2965,
2966,
2967,
2968,
2969,
2970,
2971,
29724
2973,
2974,
2975,
2976,
2977,
29748,
2979,
2980,
2981,
2982,
2983,
2984,
2985,
2986,

129

1000

1000

JMAX = N ¢ IFLO

IF¢ JMAX ,GT, NUME ) JHAX = NUME

JUIN = N« IFLO

IFC JMIN LT, ) JMIN = |

IFC JMAX JEQ, NUME ) JMIN = NUMP w 2 % IFLO

IFC JMIN LEQ, 1 ) JMAX = 2 ¥ IFLO

TFCIHINLBO  NUMP JAND IMAX ZEG NUME) JHINZNUME

IF(JHINGEQ . JAND,  JUMAX,UD,U0) JMAXSY

TA & VOL(JMAX+L) = vOL(J0IN)

IF( JMAX ,0E, NUME ) TA = VSUM = VOL(JHIN)

18 = QL /7 TA :
TIFCIBUGLEG 1) WRITE(H91000) LMo IMIXoTAUMITO DT TFLOWJHTN JHAX
FORMAT(//t SUBH=uDAYZ1o1Get  NeIMIX=1 9215/ TAWUNITHAeDT o IFLOPJIMIN,
®IMAX =1 p3E16,0481107) .

DO 134 J & JHMINy JMAX

TV = pvoLad)

IF( J JEQ, NUME ) Ty = VvTOP

TC = 18 % Tv

QHI(J) = QHI(J) + TC

FEECI) = FEE(J) ¢ TC * RUP * TIN(L)

CUONTINUE

CONTINUE

RETURN

END

SUBROUTINE SUN(NDAY)
COMMON/PASS/TOTLYSRSS
COMMON/BBLK/ZA(A) 1 ANAWNNS
COMMON/NNV /AL (L0) 2 NXEQ
COMMON/HTSC/XLATeNNAYY

COMRCN/OBUG/IRUG

DATA FLeFR2eF34FH/, U09?79-.017210207.639ﬂ003 81972/
TOTL=(GNA+QNS) ¥R640,

DAY=NDAY

D=F{*CUS(F2*(172.,nDAY))
HSSZARCOS(mTAN(D)*TAR(XLATY))

HRS=F 3¥KHSS

SSTFU¥HSS+L2,

SR=24,#5S

IF ¢IBUGL,EQ, 1) kRITF(& 1000) NXEQWNDAY NDAY1+ANAWQMSsS53S,8R
FORMAT (! SUN~NXEQoNDAYINDAYLeUNA¢QNSsSSeSR=14316vuEL6,8)
RETURN

END

COMMON/DBUG/ZTBUG

IF IBUG = { VARIOUS DEBUG PRINTQUT 1S PRODUCED
IBUG=Y

I18uG=0

CALL BAL YO GENERATE FLOW DATA

CALL BAL

GEMERATE MIFP DATA

CALL SUBA

CALL SuBB2

EXECUYE TSIP

CALL SuBB -
CALL NEwWIN

CALL SuAacC

stoe

END
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SECTION XII

REFERENCES

"Prediction of Thermal Energy in Streams and Reservoirs," A Report
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"Mathematical Models for the Prediction of Thermal Energy Changes

in Impoundments," presented to the Federal Water Pollution Control
Administration Columbia River Thermal Effects Project, by Water.
Resources Engineers, Inc., Walnut Creek, California, December, 1969.

"Computer Application Supplement to Mathematical Models for the
Prediction of Thermal Energy Changes In Impundments," Water Re-
sources Engineers, Inc., Walnut Creek, California, December, 1969.

" "Mathematical Models for the Net Rate of Heat Transfer Through the

Air-Water Interface of a Flowing Stream,'" L.A. Roesner, Ph.D. Thesis,
University of Washington, March, 1969.

"An Assessment of the Temperature of Releases from Libby Dam by

Computer Simulation,” Water Resources Engineers, Inc., Walnut Creek,
California, March, 1970.

177



SECTION XIII

ABBREVIATIONS

CEMIF Corps of Engineers Meteorologic Input File
CETSIP Corps of Engineers Thermally Stratefied Impoundment Program
DRM Deep Reservoir Model

EPA ' Environmentai Protection Agency
SCI Systems Control, Incorporated
BOD biochemical oxygen demand (5-day)
CL2 chloride

°C centigrade degrees

cfs cubic feet per second

cms cubic meters per second
'deg degrees

DO dissolved oxygen

°F Farenheit degrees ‘
ft feet

HM heavy metal

HM1 heavy metal one

HM2 heavy metal two

HM3 heavy metal three

hr hour

JCL job control language

m meters

mb . millibars

mg milligrams

ml milliliter

MPN most probable number

N nitrogen

NH3—N ammonia nitrogen

N02-N nitrite nitrogen

NO3—N nitrate nitrogen

POA—P phosphate phosporus

sec seconds
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Set of six volumes: Volume I - Final Report Volume II - Data
Report, Volume IIT - Verification Report Volume IV - User's Manual for Steady-
state Stream Model, Volume V - User's Manual for Dynamic Stream Model, Volume VI -
User's Manual for Stratlfled Reservoir Model.

Three existing mathematical models, capable of representing water quality in rivers
and lakes, have been modified and adapted to the Spokane River Basin in Washington
and Idaho. The resulting models were named the Steady-state Stream Model, the
Dynamic Stream Model, and the Stratified Reservoir Model. They are capable of
predicting water quality levels resulting from alternative basinwide wastewater
management schemes, and are designed to assist EPA, State, and local planning
organizations to evaluate water quality management strategies and to establish
priorities and schedules for investments in abatement facilities in the basin.
Physical data and historical hydrologic, water quality and meteorologic data were
collected, assessed and used for the model calibrations and verifications. The
modified models are all capable of simulating the behavior of various subsets of up
to sixteen different water quality constituents. Sensitivity analyses were con-
ducted with all three models to determine the relative importance of a number of
individual model parameters. The models were provided to the EPA as computer source
card decks in FORTRAN IV language, with accompanying data decks. All development
work on, and applications made with, these models were fully documented so as to
permit their easy utilization and duplication of historical simulations by other

potential users. A user's manual with a complete program listing was prepared for
each model.-
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