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APPENDIX A
DOCUMENTATION OF COMPUTER PROGRAM

Program Information

Origin of Program:

General Office:
Director, Arkansas Water Resources Research Center
325 Administration Building, University of Arkansas
Fayetteville, Arkansas 72701
(501) 575-4403

Principal Investigator:
L. J. Thibodeaux, Associate Professor
Department of Chemical Engineering, Rm. 331
College of Engineering
University of Arkansas
Fayetteville, AR. 72701
(501) 575-4951

Research Assistant:
C. K. Cheng
Monsanto Chemical Company
St. Louis, Missouri

Purpose of Program:
The program simulates some of the major physical, chemical and biological
processes occuring within the aqueous phase of lakes and reservoirs. The
program was developed to study the eutrophic development of these water
bodies.

Problem Statement:

Inland takes and man-made reservoirs constitute a sizable freshwater resource in
the Mid-South region of the U.S.A. Maintaining this water of high quality for
multiple uses will be a never-ending challenge as population increases and
associated cultural developments crowd the lake shores and tributaries. A means
of assessing the impact of proposed or present cultural developments upon the
lake ecosystem is desirable. The regulation of chemical and energy inputs, which
enter the lake through a combination of the tributaries, runoff or point sources,
and the output is the major means of controlling and manipulating water quality
within a lake or reservoir.
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Areas of Application:
Comprehensive computer simulation models provide a means of assessing the
impact of proposed or present cultural developments. These models are also
capable of predicting proposed lake restoration programs and in this sense serve
as tools of water quality control. (See Appendix C for specific applications).

Methods of Computation:
The IBM System/360 program for the simulation of continuous systems was
used.

Basis for Selection of Method:
This program provides an application-oriented input language that accepts
problems expressed in the form of a system of ordinary differential equations.
Consult: IBM Application Program System/360 Continuous System Modeling
Program User’s Manual Program Number 360A-CX-16X, Edition GH20-0367-4,
5th (1972) of later editions.

Limitations and Restrictions:
See section in body of report titled: General Model Assumptions.

Definition of Technical Terms:
Variable and constant symbols used in the presentation of the model are the
same as employed in the computer program. This technique was used to
simplify the transition from the model development to the program application.
All terms are defined and the units of measure are given in the model
development section.

Physical Constants:
See Table 1 in body of report.

Functional information:
The IBM System/360 CSMP automatically sorts the structure statements to
establish the correct information flow. See User’'s Manual.

Usadge Information

Program Language, Equipment and Operating System:

CSMP is a digital simulation language employing S/360 FORTRAN IV
statements. The program requires a minimum of 102K bytes of storage
(excluding that required by 0S/360), the Standard Instruction Set, and the
Floating-Point Option. In addition to the 1/O units needed by the Operating
System/360 for FORTRAN IV (Level G) compiling, the program requires three
logical utility units. One of these must be a direct access storage device (DASD);
the other two units may be portions of the required DASD, or may be portions
of other DASD’s or magnetic tape driver.
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Input Requirements:
Inputs are in the form of function generators FUNCTION and constants
CONSTANT. There is no data deck as such in CSMP. See program listing for
format of function generators. In general, format is free form. See User's
Manual.

Input Data Description:
Reservoir surface area vs. elevation, reservoir volume vs. elevation, tributary
flows vs. Julian Day, reservoir surface temperature vs. Julian Day, tributary
chemical concentration vs. Julian Day, etc. are input as function generators
FUNCTION. The constants CONSTANT listed in Tables Il through VI are
inputted by variable name followed by numerical value. See program listing for
point of input and User’s Manual.

Program Qutput:
CSMP output includes a graphical display PRINTPLT or a numerical listing
PRINT. See User's Manual.

Variable Definitions:
Each variable used in the program has been defined in the model development
section of the report. See: Definition of Technical Terms entry.

Example Case:
Six case studies are presented in Appendix C.

Job Processing Time:
Each simulation run presented in Appendix C required less than six minutes
CPU (Central Processing Unit) time using IBM 370/155. Output volume depends
upon the number of variables designated PRINTPLT or PRINT by the user.

Miscellaneous:
It is recommended that the user become fairly familiar with the IBM
System/360 Continuous System Modeling Program. See: IBM Application
Program System/360 Continuous System Modeling Program User’'s Manual,
Program Number 360A-CX-16X, Edition GH20-0367-4, 5th (1972) or later
editions.
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APPENDIX B
COMPUTER PROGRAM LISTING
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APPENDIX C
SELECTED CASE STUDIES

Introduction

After the simulation model was tuned to the Beaver Reservoir field data, it was
used for further investigations. The “‘tuned model’’ represents Beaver Reservoir
conditions as they existed in the early 1970’s {i.e. 1970-75) and is defined: base case.

Six selected cases were studied and compared with the base case. They were as

follows:

a) Case |l —— The effluent from the Fayetteville Treatment Plant to White River
was stopped.

b) Case ll —— The nitrogen in the Fayetteville Treatment Plant effluent was
eliminated before mixing with White River flow.

c) Caselll —=— The phosphorus in the Fayetteville Treatment Plant effluent was
eliminated before mixing with White River flow.

d) Case |V —— Effluent from septic tanks flowing into Beaver Reservoir was
stopped.

e) Case V—— All nitrogen and phosphorus in runoff and War Eagle Creek flow
were eliminated before entering Beaver Reservoir.

f) Case VI —— Upsurge of nitrogen and phosphorus from rich sediments was

stopped.

CSMP outputs (PRINT PLOTS) are presented as the results of all case studies.
PRINT PLOTS include a computer generated graphical presentation plus numerical
outputs. All PRINT PLOTS contain time (Julian Day) as the independent variable and
represent one calendar year. Note that the scales of the dependent variables are
adjusted to a maximum height of 12.5 centimeters. Graph height should, therefore,
not be compared between cases. Make comparison of cases on the numerical

magnitude of the dependent variable only.

112



2. Base Case
The base case is essentially the CSMP PRINT-PLOTS of the figures in the
results section. Model constants which quantify this base case are presented in

Tables Il through V1. The simulated outputs follow:
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Case |
The effluent from Fayetteville Treatment Plant was stopped. This was

achieved by setting the tributary flow parameter QFTP to zero in the main
computer program. The simulated results were compared with those of the base
case. The second segment was in parallel with the first segment, therefore, it was
completely unaffected. As the Treatment Plant flow was stopped, the retention
time of flows into the first and third segments were slightly increased. This
allowed the phytoplankton to grow more steadily and, thus, increased
phytoplankton concentrations slightly. As a result, overall fish and zooplankton
concentrations also increased slightly. Since those changes were slight, there

were minimal variations in the concentrations of bacteria, nutrients, oxygen and

organic matter in both the first and third segments. The simulated outputs

follow (the unchanged outputs are not included):
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Case I

The nitrogen in Fayetteville Treatment Plant was eliminated before
mixing with White River flow to the first segment. This was achieved by setting
the parameter CNFTP to zero in the main co‘mputer program. The simulated
results were compared with those of the base case. The second segment was in
parallel with the first segment, therefore, it was completely unaffected. In the
first and third segments, the phytoplankton concentrations decreased slightly as
a result of the slight loss of nitrogen nutrient from the treatment effluent. In
the beginning of the year, the slight decrease in phytoplankton concentrations
reduced the growth rate of fish and zooplankton slightly. As the concentrations
of fish were decreasing gradually, the predation of omnivores on zooplankton
was reduced slightly. This reduction in predation induced the growth of the
zooplankton despite the slight decrease in phytoplankton concentrations. As thsa
zooplankton was increasing steadily, fish was then stimulated for growth. As a
result, the overall fish and zooplankton concentrations were increased slightiy.
However, those changes were slight. There were only minimal changes in the
concentrations of bacteria, phosphorus and oxygen and there was no change in
the organic matter concentrations in both the first and third segments. The

simulated outputs follow (the unchanged outputs are not included):
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Case |11

The phosphorus in Fayetteville Treatment Plant effluent was eliminated
before mixing with White River flow to the first ssgment. This was achieved by
setting the parameter CPFTP to zero in the main computer program. The
simulated results were compared with the base case. The second segment was in
parallel with the first segment. Therefore, it was completely unaffected. In the
first and second segments, the phytoplankton concentrations decreased slightly
as a result of the slight loss of phosphorus nutrient from the treatment
effluent. In the beginning of the year, the slight increase in phytoplankton
concentrations reduced the growth rate of fish and zooplankton slightly. As the
fish decreased gradually, the predation of omnivores on zooplankton was
reduced slightly. This reduction in predation induced the growth of the
zooplankton despite the slight decrease in phytoplankton concentrations. As the
zooplankton was increasing steadily, fish was then stimulated for growth. As a
result, the overall fish and zooplankton concentrations were increased slightiy.
However, those changes were slight. There were only minimal changes in the
concentrations of bacteria, phosphorus, and oxygen and there was no change
in the organic matter concentrations in both the first and third segments. The

simulated outputs follow (the unchanged outputs are not included):

162



1

PAGE

EUTR MODEL

FO
2
p VY]
— ) + o
>N 1
atn Lt
F o~ + 40
° 100
O [ I B 4
(B B
[
+ 0000
[ I |
s 1888
te 0
[ I |
t1 1 1
[ I I I B |
w + L0t
X [ I I I
— (O I I I I I |
- O I B |
(O I I O I O ]
(V) ts et
2 [ I I O B
wn + 0518800
[a & (O I I I B A
w 1ttt
> s 000t
* & (O I I B B
[ I IR 2 O T T I I A
+ 0001 + 000000 00
[ I I I B NN
> [ I I N B | RN +
< [ I I A I I B B R 4 '
(&) (I I O I A CO T O I O I I O B | [}
tr 10 BEEEEERENN ]
e N [ ]
2 I I I B | NN EEEE RN [ ]
I I I I B BN [}
[ I I I B [ O I I I I A 4 [
2 I I I B B | P R I I I B A !
(O I I I I A EEEEEEEEE RN ]
U I I I B I | RN + |
[ I I I I B | B t !
I T I I I I | s r LN LML [ 3 ]
U T I I I O | [ R O O I O I B B A 4 | I ]
— {20 I O 2 I A | BN A [ }
< + bt PO N B B I I I B B R B B BB 4 11
= (I I I I I B B 4 P N T N B e B B B R R O B
2w (T I I I I I A N N BT I O R B O B B B
O ...-...._000.-.-..-..-.-...—.--..
IQI&.........-.-..-.-.-..-.-....-.-...-
Z0
-0y
T e

— 1122222221111..1111222222222222222211122
COCOOOOCDOOOOOOOCCOOOOOOOOOOOOOOOOOOCO

Wil wits il s b b ied Lot lots ot s s g s W ot b b ol b o
OO MND OO T O TN DM ONNO ORI O DO F NI - M-
UM OO O NI O NF OMOMODAMMI~O MO LA F O~ O —iN
5 O~LNOSO M LN O MODNONAHNN~SOM T MO~ TONMFDOOM
ANOINM OO DO O =Mt (- MM © OF O FM Pt NI MO NOINO I
C.....................'................

— = O O UL UL XM OO FUN IS == U S U O O D F Y et QN O N (Y

et et ot =t —t OO O UL U OU OO O U O U U O VNN Y
OO0 OOOOOOOOOCCOOOOOOOOOOCOOOOOOOOOCO

Wl w i eiwwiwiwiwiow o b Wi oo Wit wg
COOCOOCOOCO0OOCOOOOCOOOOOOOOOOCOOOCOOOOO
W C OO0 COOCOCOOOOOOOOOOOOOOOOOCOO0OOOOCO
3 COCOO0OCOOOCOCOOOCOOOOOOOOOOOOCOCOCOOCOOOO
—OO0COO0COCOCONMINOMTICNMINONCTRO~—NIMIUNGH
— © 6 06 ¢ 6 ¢ 06 ¢ 0 0066 060606 8 ¢ 000600600 06 006 ¢ ¢ 000000 00

O©—~\UM T NOM~OON Beamagn and e AVRAV AVIQVIQVIANT VI aN(aNTaVlog Koo Toglog a0 [od 1ag 0]

163




1

PAGF

EUTR MODEL

2

TC
=
3w
—C—
> aC
< —
N
°
un
+ o +
[ I [}
¢ 0 ]
+ <+ [ 2 I I IR R |
[ | [ I I t
+ 0 ) + 0011+
W [ I I | t b0t
3 + 0D [ O 2 I D B B I |
— [ I I | [ 20 T I I I B I
- [ I I | L0 INN NN R B N B N B
[ 20 T I ] [ 2 N D D N B N O B }
v + 11 200 T D T U B N R B ]
o] [ 20 2 I [ 2 T TN D B BN D B N )
[V [ 20 I O I [ JO T IO D N N BN AR ]
0 4 [ I I A ] b I I O O I DO DR B |
[§%]) 1P 00 LI T R N N I RN BN BN B |
> te vt t1L s v e s 81
L0 I I A | {2 T I B D IO N I A A
[ IO O I I I [ 2T T I T I R B R B I |
= [ I I I I O | [ 2 T N N N NN RO B B B B |
= | IO T I I A | L0 IO D T I I R DN B I B B |
b3 LI I T I A | (N I T S N R T R U R BN A ]
<< | IO T I I I | {2 T IO I T I O N RN N NN RN )
(& [ 20 IO I I I | |20 2 U R D R D N D B R B R
[ I I I I B | | DO N N R I I R R N IR N N B |
[ I I I I | + Pt vy
[ IO T I I N | [ 200 D R R Y R I N R B RN D RN |
| U I I B | [ DO T IO R D R D N N N N R RN A |
[ 20 T I B I | [ I I R DO N N I O RN N NN DN BN B R
+ 001V D0 DN R R N D D R B O B DN R BN BN N
LI I I N O A ) L 20K T N N U T O U N N N R N DN B R |
| IO T I I T I | 200 I T N N T N N B T N N RN R R R |
L0 I O I O A | L0020 NN 2 T I R R R D R D DN N AN N
[ T O I B | (I N O I D D D N R D N R R BN RN RN R B |
(20 O I I I B DL 20 I T O N T D DA R D RN R RN NN NN BN R )
— [ I IO I I B | L 2 20N DU NN N N T NN NN DR U RN RN DN N NN NNE RN BN BN B A 2
< [ 200 IO I N N I NN N O O D I I R R D R R D N D R B R RN RNE BN N RN B |
2 L% N I I T B D NN NN N N R NN BN N D N DN BN R DN D R BN BN N R RN B NN BN B A
Za | S T T R R R R R R R D R R RN O RN A N R D B R I T D R R R N N BN AN B R
20 [ 20 T N N R NN DN D RO U N N R NN R D N N N DN D N 2 RN NV N RN N DN REN BN DN B N R N |
—Or— 4+ 5 L Byt sy
<
—3
2 e

U = OO OO OO — o~ = O O O VO U O SO U O O U U O U O U O U U NG O\ ettt
QOTCOOOODOOOCOOOCOCOOOOCOOOOOCOOCOOCOCOOOOOCOCOoOTCOOO

ZOMOUOCHDONI NS NIMO-OU—O IO MNMO S 3T OOoON L0
BOILNOIOMNMSOISNNOCNOT TN MO ~N NG —~NON-OONC M~
M~V O~ OMLC— OO~ MON T RO T TRt MM —M™M 3T
III~-NMS-UICOOCOMNIVNOCOS—MINOIONITC—~MMNONIMN—~MOON
(U ® @ 6 6 6 6 0606 0068 066 06066606 2 069 06066 ¢ 0668686600000 6002

WM M I IO O it (VAT MG 3T TN i - OO

ettt — —— U OO U UV VU AU A S AN T U N AN U N UV U N
CODOCOODOOOOOOCCOOOOOOOCOOOOCOOOOOOOOC

Lo L' s o) oo et e o b i Wl oo o bl o o la i Wil o
OCOOOOOCCOCOCCOCOOOOOCOOOCOOOOOOOCOoOCCOCCCOO
W OCOOOCOOOCCOOOOQOCOOOOCOOOOOOOOOOOOCOOoCoOCCO
2 OCCOCOOCOOUOCCOCCOCCTCOCOQOCOOOoOoOoooCCCcoCoooCcCo
—OoCoCCCoCOCC~NMIUVNINCOO—NIMINONSATO—NMIT N M~
I~ @€ @ @ @ 6 0 ¢ 0 ® 9 6 06 8 ¢ 0 0 0 0 0 0 06 0 5 0 0 0 0 00 060 00 85 06 0 0 0

[P aVao IS STaRVal b oX o ol T at e D Lo L e e o o IAVE o ViGN o Via N a Via Uaa N o ViaVin o ap Nab I o Tag T anTod Ind )

164



1

PAGE

VERSUS TIME

MCZ00
--—------------------—---‘-----------------------‘

e e e e Y T L P L L L L L L T XX
P T L Ly reysyspapapap Sy-pepses o sesee e L I T Y X L T L L L L

L YT LT Y T T Ry L X T N
T T L L L T e e T Py P L R Y XX

Y Y R PR S R TR LY P
L X T T ¥ T 2 L T .2 2 2 T X J

EX T L XX T YT TR Y Py Y FErey 3

IMUM

SSE-04

——--¢

———-4

- e e P

-

-—onewww P

- an W e ¢
L LN 3
cmm--d
-4

LT XX

- - o P

-

- .- eman §

- e g

- an w

X X ¥ Y

-— s e d

X X X WY

—mm--d
- e d
cmmae=d

X X X X X ¥

LA X T X 2 X 2 X J
oo mamoeoaeoe §
L K X L L L X ¥
-0 - o™
- am e g

- $

—
Z\
—uN
T e
[ o} ,3333333333333333333333332222222223333“
P leleleleleleleloleleleleloleleleloleleleleloleleleleloleloleltel ol el ol ol -
B N N N T 2 T D v T o o o R O IO OO
wiu wits i i i i wlo b oo ol
OCOoVININT T O ~ONTIAMMIT T ONINMI TMIOMOO—~F MO0 ~NLN
OSSN D=0 — " T T LNO R S TN N PO NS =M O F Pt MO O NULN
PN Ot 3 I~ O e NGND Q00 O AUND © MO NN O ¢ W WO O O N O DO
QOO X SN TINO O MOMNMONNINS MSNCNMOM MO MN NN IO — 0N
S @ 6 0 2 6 606 ¢ 6 05 0 00 00 50 0000 C S0 Os e s 0o

M ITIITIT I I IO T FTOUNO Ottt (U O O F OO

bt et gt gt et et et = (O OGO O O U O O U U OV VOO U SO (NN
[eleleleltolalelelelelolalalalalalol=lelololalolalelelalalelod~dalol ol el )

Wb o wwiw i iu i widwiloid il it il s bto b ool
COO0COOCOCOOCOROOODCOCOOCODCCOOOOOOOCOOOOO
W OO0COO0OOCCOCOOOOOOOOOCOOCOOOOOO0OOO0OCOSO
S OO0 OCOOOCOOOOCOOOOOCOOCCOOOOCOCOCOOOOCO
—OOCOOOOOO CO~UMIINOMOOO~NIMINOMNCRO~NOIUON
T...........Q..................I.......

O~ T LNCM Q0 O smte—tes —t =0\ OO OO U U OO M OO ON

165



1

MAX [MUM
?.2735t 00

PAGF

I

+ 4+

[ B

+ 1t

1 91 81«

| O IO T I A |

[ T I B I |

+ L

{70 IO I I B I |

(2 N I O I I |

DO T I I A N |

R T I I I I I

(20 T T B I I N |

LI B I D B B I |

[ 0 B N 2 D I I ]

LI I I N I B I |

w [ 200 T N I N N O |

2 + 800

— [ 200 I N N N N N A |

— [ 2 I D B B N B AN |

[ 0 DO T D D N A A

v L0 I NN R B N AN I A |

D [ 2N TN D N D B B I BN |

v {20 N D R N N I N I ]

X [ 0 D N B I B BN I A |

ul LN I I I DO B BN BN N B |

> {200 D I R I D I R A AN |

{ I D R R N B N N AN N )

I (I I I IO D I D I I B |

w S 00 T T D R D R R N N |

— | IO B D T I N N B R BN N |

[V L2 N S T R I I B I N |

o L T N R N N N DN B IR BN A |

2 [ I T I D N N I B N BN A |

R0k IO 2 D N N R R A I I B BN )

|2 R I I IO D N R O I I I I |

LI O IO D D R RO B D B I BN |

L GUL IR I R R D D DN B I RO N B BN ]

[ 0 D DO D T R N N N D B B N AN |

L0 DO N R N D N N N D R R R A N |

LI O N T O R SO I Y R I O N B |

S0 I I N A T O N B D D DN B B RN}

(I I A D N RO DO D RO N BN O D N RN B |

L0 NN IO R D N N D DO O D D N N B NN RN ]

+ PP h et et

o IO D T D RO RO N D D D D N R R R N N BN |

< SNL I N I N N R R R N R D RO R R DN R RN N |

2 L ARL I N D N R DO D R N R D N NN R N AN BN B N |

Zu L0 N IO N D IO N N D D R N N N D DR RN BN NN BN N |

SO +* + e b 00200 I T N DO R D R D R D R N B N N B N N BN BN N |

[anid Sonlh BN I JNE IR JNE NE JNN NN B BN SNE K UL JNN N B NN N N RO NN O D TR B N N TN NN T T N N NN B R A
<3
—_o
S e

— CODOCOCOOOCCOOCOCOCOOOOOOCOOOOIDODDOCOOIDIOOOO
COOO0OCOOOCOOCOOCOOOOCOOOOIOIDCOOOODOOOCDD

SIS OO~ ONM~SCNORNNCRONUNMMO IV NNINI NS
LOIIITINNOCHSCLOCC-0 3 OO —COOUNMMT O L (O N
OCCOCOOTOOCOOOCOOCTrmirtirm(ULMM T TUVOMS LI — U O\yr—t—t
M........l'....ll..Q.Q..........l.l.l..

[onlon tanlaalonlanlon LanZan 1§ VIQ VI V1o Viq VT o VT4 Vg NI VYo VT4 N1 o VT Vg NTo W1 g FTg VT4 VIq N1 NTa NIgWTo VIg NN oV o N g NTo N
CCOOOOOCOOOOOCOOCOOOOOCOOOOCOOOODOOOD

Wil e wb i W s e i iow o b it e oot o e s o e ot
CCOCCCOCOCOOOOCOCOCCOOCOCOOCOOOOOOOOCOOO
W COCCCOOCCOCOCOOOOOCOOOTCOOOOOOOOOODOOOO
2 OCCCOUCCTCCTCOCCOCCCOOUCOOCOCOCOOOCOOOCTCOCOOO
—OCCOCCOCOCOCC~NIMINUMCRC~AAMIVIENAOCCTC—~NMIY O~
I~ © & ¢ ¢ 6 & ¢ 0 0 0 0 0 & 0 0 O O O B LG O 0 G e 0O 8 GO S e 0 e 0 e e

=L lAVIM I SUa N ol e ol el T T e L Lo T L T [ENI AN (s VAVIA N [QVAN [ VAN I ss Rolas oo e Kag Th ST oo

166



)

PAGE

FO
20
W
ot ) 0—
O
P~ *
2~
e [ + +
™ [} + 0 [}
t + [ IR 4 + 0
[} [ I B + 800
L O I I I I I |
1 O O I I B B
1t R R O I I I I A
1 [ I I I I B A
1 0+ O I B I I A
(B | (O O I I O I O I B
t 4 O U I I O B |
W L I B 4 (2 T I I I IO I IO O
2 [ I I (O T I T I O I B A A
— 1t NN +
[t [ I I | NN [}
(I I A | (O T I I I O I I I B B ¢ [}
(72} [ I I I I 2 O T I I I B I B B '
2 (IO I B O I B T I O O B ]
(V2] 10008 (O T O T T I IO O IO I B )
o 4 11 L1 1 & A + 0
w R RN [ )
> [ R O R O IR I I 2 I I I I B I I A t
N N R R R B A ‘e
R N R N RN I A [}
R I O B I O O O O I I I B [N}
I I O N O O R O I O I I I O B L I (I ]
(&) S N N O I T T B B « V0
b O R R O I N I I I I I I B I O B [ ]
e 6] R B A B [N
N N T I B B B B [ ]
I N R O O R L I O I B B B B + 41
O R B N R I T I O I IO B I B | [ I ]
R R N N B I I I I I O O I I B [
S N R N L 0 I O I I B IO B B ) + 000
BRI R T A [ I I |
R R N R I R O O O I I I O I I ¢+ <+ 001
R A « b0V
N U T B B B A + 80808
S D O O O T O T O I I I O B [ I T I I O A
R R N IR N U N I I O I O I I I B (OO I I T IO O O
O 81t « 1ty
o T R R B R I I I I I I O I I O B (I T O I I I O
b | I I I N N N N D I I I I B B B + 000 e
pelvy] " R R T T I I I I I O IO B I B (O T I T I I O IO I A |
O S R N O T T I o I O I O I O BB N I I I I B A
.I.Svl.......-..-.......-..000.......-.-..
o
—t—
S e
wn 44444444444444444444455666555555555444

00000000000000000000000000000000000000
..-.-..-.-.-..-.--.-.-.--—--—.—
057094544823261198702557234622201\14626
OQ,100/497.892129527567600143898384218566
88106419640903459686560166“10620359275
A07428776689776666787986885252968831060
B...............'....'..'..............

3222111112222222222?151558124566678112

- St r—t + AN TA V1AV [aV 1A VTaNTo V1o VR Ca N T VT (NI VT N1 N1 NI o NToNTo NI N TN T NG VIO TN IgN T 0N 4 )
OO CCOOOOOOOOCOCOOOOOCOOCOOOOO

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEF.EEEEE
OO0 OO0 COCCCOOOOOOOOOOCO
Wi OO0 COOOROOOOOOOOCOCOOOOOCOOOOOO
= OO0 OOCOCCOOOOOOOOOCOOOCOCOOOOCOCOOO
}— 6 © 06 © 666 © 0 0006060080060 5060600008600 064605 06000

S (UMI N O MO ON st ot — e A A VIAVIAVIG VTG NT G NTWToNT W Toe TaoTop Tog Tag ot Tat Kot

167



1

PAGF

3
ot
Tl
=\ b+t +
>\ ]
qQcC (]
2C [}
. + 0
C 1
[}
(3}
+ 40
|
111
[ I |
+ 0 48
[ I I
L I I )
W L I I B
< [ I I
— + 4 +« b0t
- [ I 4 [ T I I I B ]
+ 1 11+ ¢+t 0
(V2] t1 v + 110800
pe] [ I I I B 11 sttt
w [ I I IO I B R L2 T B IO B IO N A |
[0 4 A N I B B I N N AR BN B D N B B A |
W [ 20 O N N I R RO N R R D I IO D BN DN R B
> [ J T D N N RO R DN R R RN R NN RN R RN R B |
+ [ 200 O N DO N R D D DO T D D T I RN RN N B )
] [ O O RO T NN U D N N R D R N N DR NN N |
= ' {2 T N I O D I D U T D D I R B T N A |
= ] | I I DO I RO T N U D RO O D DO A N R N AN |
(&) ] [ J O D R R N N NN NN R D N DN RN RN RN BN |
< ] | 2 T T T T O N RO D R D R O R O N B RN |
ar i + [ IO T I T I O U I N D N I R R R |
[ ] [ 20 T D I R N DO N D R DN R R DN DN RN R AN |
1§+« [ DO I T N R T I R O D N I I I O R R A |
1180 { I I T T I I D D I O T I RO B I B R B |
1t [N IO T O N D T O D T D T IO O N B )
[ I O I [ 2N T D I D I N D D R DN R O R I RN B B |
ttt i+ttt ity
et rrrrrrraarrelrt
RV ettt rrrert
[ 2 O N N N D T D I NN D DO DO U RN D N R R R RN R RN NN BN N B ]
[ I T O N I N I D DO N DO N D N R R R D RN NN R RN DN BN B A |
| [ T U O NN T DO DY JE DR D N DO RO R N R R D R RN RN RN D AN NN N
un [ 2 O IO IO N R DO DY N NN AN RO T R RO U N R R R DN DN RN RN R R A ) + +
(=} | O T D N R R R R D DO O D R D D R R R RN R RN I RN RN RN A | + 4 1
o | ety et ety + 4+ 113
Dl Pttty eyt eErrrtrr ++ <+ 0 013D
2C [ 2 2 O U U R D DN N D R RN R R DN BN R R DN BN SN NN NN BN BN BN B + Lty
[ r==X - NN N N N NN D N DO NN D N DO A R D N DN D R DN N N 2N R NN N RN BNE NN DN BN AN AN DR BN N AN |
™
—
2 e

N IIIITIITIIIIIIIIIIIIIISIT SIS T NG OO
OCOCOOOOCOOOOOOOCODOOCOOOODOIDDOOOOOCOOOO0O

{20 N0 T T N N DN NN TN D TR D R N R D R D A R R DR TR RO RN DO O R DN U DN DN R R N BN B |
Wil iwwiwewiow o usoio oo bbolo o o oilc b oo e oloiow
FOOC—~OML XM T IOTNNINDO T T O~ ONTMOONO—TOOFOT
ZO~UNNINSONVO—~OOCITOMMNONOC OSSNSO MO
QOUNMN I~ P N~M O~ M O~-M - OVOM MNONO T OO IO
qoONOCHhONUNIE O COOUINMONMICHRONNOTIONITIOIN-M—O~M
q......‘....'...............‘..........

entaelanlan Ta Tt T e IQVINToNTo NIg NTq Vo N IqN o NTo VR AV o V1o NTo NI WFg N gV g VEo Vg VT NTg N 1o NI NIQ ¥ {g F1q V1o ¥
COOOOCOOCOOOOOOOOOCOOCOOOOOOOOOCOCOCOCOOCOOO

it it iy ikt Lo L i Lot ot ot Lol o o oo s
COOOQCOOCOOOOOOOOOCOOCCOOOOOCOoOCCOoOCoOoOCOC
W CoOoOoCCCCOCOOOOOOOOOOOOODOOOOCOOOCOOOCOOCOO
b3 COCOCCCOCOTOOOCOCOCCOOOCOCCOOoOoCoCOCOoOCCo
—OCCCCCCCOOO~NMINOMNT RC~NIMINO~AOCOC—NMIUNL
— © © 8 ¢ 6 06 86 & 08 06 6 0 6 & 0 0 0 S ¢ O OO S OO G G S 0O e e

S OFM) TN N0 Q0 Grrme et et rtmmt et —e O O LU U NS BN M N en e enen

168



1

MAX IMUM
1.8245E 00

PAGE

FUTR MODEL

VERSUS TIME

CN

I

EX XX P R R TR R Y T R T R R R T T R

LA X L X X X B E X T ¥ 2 T L X X T X X X L X% ¥ ¥
LA X T K T R F N T R X X X X T R X X L X X X ¥ X L 2 X X T X T X ¥ ¥ ¥ X3

cTeoceosTeeceececeeoeaeTeeenceeees $

+
!
!
]
)
)
]
]
]

moewéd

+
]
(R
[ B R K K I 3
S+ 44221 LN 1 4449494499094+

© OO NN AN~ OO IO NI Y Y M D) DD ) ettt
OO0 OCOOOOCOOOCOOCOOOOOOOOOCOCOTOOOOCOOCOC
I I I T o O I I I O I T TN R T R RN R B R R R R D R RN BN AN AN
Lt Wi Lo Witu b td ) s Wbt i s oo oo ituiolu o g
Ot MO NON T ODUNN Mt O ——N FTNUT F VO OMOOOCOOO OO
QN O N F O N OC— MM D ~O U NNONON- NN F OO0 000000 I VO
~ = N MM OUNNCMNOMNNONS NSNS IOCET ToO I NOCOCOoOOoC oo™
Zr= M O NN C OO DR NF O ~DIN O NI TNOCNINO OO OO0 ON—~
C.................................'....

etrmt () (Ut emtomt et =i P - I A0 OUN F Y YU rtetmto— — O CCLO NN NN YON

et et et o—t 44 o O U U O SO QU U U N U U VO B L U O
OO0 OOCOOCCOOOOOOCOOOOOCOOOOOOOOOOOOCOC

Wit o Wwitu Wi tototo i bl i b Wio Wi Wiu s o s bl
OO OCCCOCCOOOCOOOCOOCOOCOOCC OO COOCOCOOOTCOTCOCOOO
W OO0 COC OO0 OO COCOTOOOOOCOCOOOCOOOOOOCOCOOOOCO
T OO COOOOOOOOOOOCCOOOOCCOOOOOOOOOOOOCCOOC
—HOOOOOCOOCCOO~NIMINONMDRO~UMITNONOOO~NIM U0
- © 060 ¢ 0 00660000 0c 000000 Ges00ees Gt OOOsOE

O ~(J M) T LN DM O O =te=—e(\J CUOU CVOU U OO U O NN 0O )

169



1

PAGF

O
W

— (V) —t

> M
am™m
=M

VERSUS TIME

CNWw

MINIMUM

1

5.0000E-03

LR B B R B 2R 2 K IR 4

D S T e TS an T o T G R R Y D TR R P R TP D W s W e e e e e P
D R G D D G G R AP P A AR R D SR G AR D R R R AP W TS D G YD ST R A W S W A WD e W e

O G e D S WD A D O wn en TP T Gn AR R TS W W AE S TP TR s R W P

rrecem-—-¢
- on e - §

-

- §

——

- g

-4

-

-

- -4

L3R 2R 2R 2K BRI b2
LI 2 O I I O A |

L= =Y AT QWY oW e TN P P [ o V1 NI NI g NI W1 AN ANT A NT o NTo VT o W] o NTaNTo VN1 g V1o o Toan TaaTop Too Tod Tont o a1 0]
OCCOCOOCOCOOOOOOCOOCOOOOOCOCOOCOOOOOOOC
] [ I T T N IO T DO D D N IO DN D R D N NN N D N N D NN R RN TN RN AN BN N B B AN
SONECMAINMN—OMNMUDNNM NI NOCNO— MM~ OMNOOOOCOoOOoOOoCOo

tuUTR MODEL

BOC VAUV ORN O~ O I MMNMANINNINNOMN T TOOCOOOOOCOoOOO
O~ NNINTCTNIOC O~ L OISO COTNN OO0 OC OO0
M~ OO LC TN~ IO O COTOVMOMINNIOTOCOOCOOCOOCOO
CC’....‘......................‘...Q....

O rt ittt et e =t F U NS OO WO LU 3 3 3 3 LN e e inunin e

et et et et et =t O WOV U OV NSO U O UV O S U N VAU VAT U O U N U Y
COCOOOCOOOCCOCOOCOOOCOOOCOOOOOOOOOOC

Wity i oo oo o b oo ot s LU o i oo wg
COCCCCCCOCOOOCOCOCCOOOCOOOCOCOCOCCcCoCCco
W OO0 CCOCOCOOOCOCOOOOCOOOOCCOCOCOCOOOCOOC
3 CocoCCCcoCOoOCooooCcCcoLooooooCcoooCccococooccacc
—_OOOCCOCCCOCC—NAMINOMNCTO~NMINOCHrR OO —NMT U0
T.....l'.......0..........Q...........O

DN G IO P TNt bttt et et s o OU U OO U VO U U CDEN D AN D ED N

170



1

PAGE

EUTR MODEL

MAX IMUM
1.666%5-02

VERSUS TIME

cpP

-y e D e e e e
- S s R e e

- e DG e ey WY
LY T LT L L X
T TR R X
X X L X Y X X X Y L X )

C X T R X R Y Y YN

- em e e e > §

- ar e wnws o ww

-mewo e

-

- e

CX T X3

-ed

-wé

* + 4+

—_O Mt 4+ + + 4 4+ 4+ 44 5 0 49 44494+ 4+4+9+
20
-—0
T e

P e (s 1at (oo Taelas Tso oo Taa lae e Iad (ao [ae Tna Taa Ta 1o Yoo Yoo Tnd Iaa TapTaa oo Too Iea Tng Tao Taa log Tag Toglog Tog Log log 10g

felelel=leleclelel=lelelalelelelelelolelalol el ololelolelololololalelel el el ol

[ N N N I T T 0 O o T O I O 2 I OO O T o OO RN OO RN AN

OCO0OCOO0OCOCONOO VMDA VNNITONROMAUINMN P OOOOOO0OO0COO

COoOCOTCOOOIT MR OMMUINT —~—OCNOONOCOCOOCOOCOoOO0O

COOCOCOOOCOCONINGE~ I V~NOYVOV——~JTOP O ITOOOOCOCOO0OOO

QACOCOCCCOCOOOMN VYR ITOMUMONNNOCCONMONINOOCOCCOCCOOOOCO

(U @ 6 ¢ 00 020 0606 060 ¢ 06060 00606060 0 0606060605 060606600 060600 s 90

et ot et et et et i et =t LY T U LD U T T O OO U O\ O\ 7t ot 0ot et ol ot 0t et ot et eeiiomnt g ot 0t

bt et ot bt ot =t = () OO U U U OOV U U N U O O U U VN U Y
OO0 OCOCCOOOCOOOCOOCOOCCOOOOCOCOCOCOODCOCCOCOOOCOO

Wiluh o it e it ot b o oo o bo ot bt us oo oo b witoi it bl
OO C O C OO COOOCOCOOCOCOOCOCCOOOOOCOCOOOCCOR
W COoCOCOCOCOOCCOOCOOCOCOCOCOOCOOOOCOOOCORRD
S OO0 OCOoCCOoOOoOOOCOCOOOCOOOOCOOCOOOOCOOS
—HOGCOCOQOOOOOCO~NMINOMNCO C—NM I UNO M ON Ot HT)I TN
T..'........‘....'..Q...........Q...."

171



1
1

MAX IM(M
1.9945E-072

PAGF

VERSUS TIMF

CPwWw

R B T e e W e b

el X R R R R RS
L e e L LTS
e oeoTeaae-e$
W™ -
—roemeceonee $
OB men - P
e m e a—-¢
hadind o Rl R R
hadhadiedhedadaate s it 4
et il R R 4

add e Sndad A X 4
—re—e————-
hadbad o tnddd 4
badhad B R A K 2

L L X X

- e
L )

LR K 2 2R I K & 2R 2R 2

MMM MMM I MMM MMM MMM
OO0 DOCOOCCCOOOCOOCOOOOOOCOoOoOOoOCCOOCC
{20 I 2 O O IO N DO D I O D BN DN DN DN RO N R DN N RN R D AN R RN D N RN N BN DN I BN R R |
et tubviluib lolutotciitc i ilo el o bstoiboiacsic b wsu o lc Wil o toiws b W
COOOOOCOCO~NVOCRNMMROO~MIONVOMAUINOOCOOOOCOCOO

EOCCOCOCOORL T~ INM—OINCO~OEUS IO OOCOOOTCO
ZTOOCOCOOOOMMMUNUCU-NAUOYOT~INMNMSNC OO CCOCOOOO
Ao COCOOCOON NI VMNUmmr— —~OC OV NM—OoOCOoOOOCOOoOOC
C......'.........‘.Ql.‘...."'..'......

OEL

r
L

COCOOOOOCOOCOCCOOOOCOOCOOOOCOOOCOOOCOOO

Wi bt o ol o oo e oo b s il oo s Wil b o Wi o o e
COOCCCOOCOOOCOOCCOOCCOCOCOCOOOCOCOCCoCoC
COCOCCOCOOOCOOOOCOCOOCOOCOUCOCOOOoOCOCCOCO
CCCOCOCCOOCOOOOCCOoOOOoOCoOoCocoocoococCcoCcc oo

O CCOCOCCCTCOT ~NMINUMT O CrONIM IO C UM O~

— @ ® & © @& & ¢ & & ¢ & & & & & & & 0 & O O 6 " 0 0 e @ ¢ o O 0 2 s 9 0 8

FUTE MO

[ IaNTAA S SUSNNS] o fle sl R T R T e Lo T L Xon (AVIAN o V1o N To VIaV oW o VigN aNToa T loa Nod Tad Xos Tod Jod

172



1

PAGE

To
>
ITw
sl N L 3R K 2R J
oY=} tsas
a 11
I~ +1 001 +
. ENEEER: )
— EREEEN '
EEEREN ]
+ 000 ]
EEEEEEN *
HEREEER! [
EEEEREEN 'l
EEEEREEN "
EEEEEEN (]
ENEEEEENR N
EEEEEEREN I
w NEEEEREE + 04
3 EEEEEEN 11
— EEEEEEN it
- NEEREREEN + 000
AR R L1
n NEEEEEEN RN
s AR EERE RN + 1080
w B EEE RN EEEN]
(04 BEEEEEREN] te
W EEEEEEERER Y EERE]
> R NEN EENEN]
R +0 08000
EEEEEEREEEN BEEEER]
BEEEEEEREEN TR EENEE
TN N A EEEER
EEEEEEREEEEE, EEEEEEER!
4V R N EE RN
o) EEEEEEEEEEEN + HELLLL N
EEEEEEEEEEREE EEEEEREERNE
AR R EEEEEREEREN
AR + 0080 BN
N EEEEEEEEE R
R ] R
AR BEEEEEEREEERN]
EEEEEEEREEEE RN BN
TR R ]
TREEEEEEE R EEEEEEEREEREERN,
NEEEEEEREEEEEREER AR
EEREEE R NEEEEEEE RN
© trtrosr ey reNtra EEEEE RN
R ] SRR RN
>3 AR R, RN
Dw sty st EEEEREE ]
S~ LI EEMIL AN NI AR ]
N R R R R R R R R N
Z~
-
2 e
I O ritrtrtrtrd it et it et O O O O OO OO OO0OCOOOCOOOOOO O r i rmirdtr—t

OO0 COOOOOOOOOOOOCOOCOOCOOOCOOOOOOOOOO00O

Wi i s Wl iwta i i o ws b w b o bl Wil o s s st
SOOI MO~ OO M= P i O THN =N =M O M M PO O~ M A0 MO MO\ - A0t
O et 0O MM UM ON O T O OO —~ N F O M T O~ O NN M OO (ND
Or NPT OO VR T OO N =N O F VOO FNNM S Ot FO S
O\ 1t iyt et gt b bt O (0 ~F =~ N O-LN T OINOIMNSON I OO OONFTODOO it
O...'..................................

Ot etrmt et bt o=tr=t st N O QN QO G0 QO - - P - 0 Q0 Q0 CC 00 D ON O OF ON O bt et

o lan e tem il 8 VA 14 YA VIg NI N VTG NT WT G NT NI N T NT o NI NI QN TANT o NTNTA NTONTANTA NIg NIg N Eo U g N1y V'
[olelelelelelelelelolelololol ol ololalelolelalol=lofelefelelelolelelela ] ool

WU i to s bto Wilu bt b Wito ot b ot
OO0OOOOOOCOOOCCOCOCOOOOOOOOOOCOOCOOOOO0OO0O
U CODOCOCOCOOOOOCOOOCOOOOOOCOOOOOOOOOOOOCO
I 00000 COCOOOOCCOOOOCOOOOCOOCOOOOCOCOOC
HOOCOOOQOOCOO~NMIN OO C~NIMITNOMN U O~ TN O~
— © @060 6006006060606 0606660606060606060600¢606000e086¢66066 0666000

D O T UN D I Q0 QN =t rtrmd ot et mmtuetomt o404 (OO O UOU N U NI I D N OO ON D)

173



1

PAGF

2 C
po
Tw
[l Ll + 4+
>N [ I |
Qe [ IO I I I 2
30 [ 2 I I |
. [ O I B |
— +« b0
(20 IO I I I )
[ 2 I I I I K
te Ly
[ I I I I A |
[ I I I N B B |
[ 20 I I R I I |
L0 I I I I I |
[ 2 I I I I B A | +
U O I I I I I | )
! [ I R I N B I | L]
b3 [ T T I R B I | ]
— [ IR I I I R I | + |
— trse et e [}
[ 2 N T I T I O | { ]
(73] [ I I I U I I B I I 4 ()
> [ 0 T I O T O R B + 10
(2] (200 T I I R R I B I | [ |
e 4 [ 2 D I I D I I O N | [ |
w L2 U R N I I B | + 101
> [ I D I D N N B Y I I Pt e
LY 0 by t e
LN O R U N R R O I I | + 108
L 2 I T I O RO I I I AN | [ 2 I B |
3 [ D T R N N O D I B O A | [ I I
= {2 T T I I N I D I I AN K L2 I B |
o [ 2 P T I N I I U B I N | [ 20 I I I I |
C [0 IO O T R N T T I I I I | [ I I I I |
[ 2 T R D R A I D NN I RN B ) + 1P 80
L R T R I N T U B B BN | | D I I I I A |
| 0L I R I I R N R R N B R N {2 T T I I )
tes ety et + 45000
[ IO R R T I D R DO N A R I A | [ I I I I I I I
(I O R I D R R N I I O A | [ N I A R I BN |
[ 2 T O IO RO N B N I D I N N K 4 + 1Lt
[ I I T O RO N DR NN IO NN DO T N BN ) | J0 T I I B I I A |
[ 2 IO T I I R R R O B R N N B | + b b r
[ T IO DO N D B B I N I I B } [ 2 O I I R R B )
(20 I N I DO DO D D N I BN BN DN B B 2 [ I IO T I I T O I B |
< LI O N RO R I I B I T I B BN | {20 T T N I R I B B |
< Pt ey et [ 2O I I I I B I B A |
= L2 T N N I N D RO R D N A I B BN B 2 LI I T I D I A |
VY] [ 2 T T I R T R R R T N I RO BN B B B 4 {0 T I N I O I I A |
2 a [ J00 O N R N N U D R N T T R RN RN BN BN B + VPP
[ lonaon SN IR N T NN NN RO NN O D NN RO DN N B N BN BN BN BEEL N BB SNE I NC JNC N R D T N S R B I A |
Praen
Leal®A
2 e
~ O rtrtrtrartrarartrtr4rmiO O OO0 OO0 OO COCOCOOCOCO rirmirtr

QOCOODOOCOOOCOOCOCOCOCOOOCOOOCOOOOOCCOO

O MO OMOUINFTONNOTIUNNIRCT OO I OINUN MO~
Z2OMVOOCNIN—IITNNNNSONOUNTO NN MUNC OMUOCNO NS —MC 0
TOAM OOt P NOTONINSN— O TONOTCO~NMMONMO LTI NO
ALt OVt~ OO SO TN MO C OO C OO0 L rmiMEN OO O
OQ.0.....‘.............Q..........O....

Ottt et et et e el O QA A XL X CA XA CAX XA TR OOttt

ol Ll Lo L L e T T4 VIG NIV o Y g NG NT 4 NTQNT O NTANT 4 VY QN1 g VT NToNT o WY o NTq Vo W1 N o N T4 VToN o N[a Vg VTq N[N}
O OO0 COOOOOOOOOOCOOOOOCOOOOCOOOOOCOOOO

e i s o lc o b o ilo e i oo D s o o oo o e oo e g
OO0 CCOOCCOCCCOCOOOOOCCOCOOCOOCOO
L OCOOOOCOOOOOOOOCOCOCCCOOCOOOOOCCOOOOOO
b I oY el ef el el el ol ool o) wl el el ) o) @l ol o) of o al] el oY ol I off =) ol of =l ol > el =l ol )
OO OCOOOCCCOMmMNNE INOMRAOCAMINLEOCRC—AMI NG
— @ ® ¢ ¢ @ ¢ ¢ & © & & © 0 & ® 6 8 5 & 0 0 0 O PO S e a0 e 00 0

feo BB AVIRSE SUARVEY \ts o e at e B o Ton P lon Ton o Lan Tan AV [aN] g VIa V1o NI VN o Vg NIa Voo los Ind Tao Nod 20 nA X0 |

174



Case |V

The effluent from septic tanks flowing into Beaver Reservoir in all three
segments was stopped. This was achieved by setting the parameter POP
(population) to zero in the main computer program. The simulated results were
compared with those of the base case. Flows from septic tanks were considered
in all three segments. Therefore, all segments were affected. However, the flow
from septic tanks to each segment was smaller in comparing with river flows. As

a result, there were only. minimal changes in all three segments. The simulated
outputs follow:
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Case V

All nitrogen and phosphorus in runoff and War Eagle Creek flow were
eliminated before entering Beaver Reservoir in the third and second segments,
respectively. This was achieved by setting parameters CNRUN, CPRUN,
CNINWE and CPINWE to zero in the main computer program. The simulated
results were compared with those of the base case. Only nutrients in runoff and
War Eagle Creek flow were eliminated. Therefore, the first segment was
completely unaffected. Nutrients concentrations in the second and third
segments decreased slightly. This reduced the growth rate of phytoplankton
slightly. This, in turn, reduced the growth rates of fish and zooplankton slightly.
In the later part of the yedr, the zooplankton was induced for faster growth as
predation by omnivorous fish was decreasing. Eventually, the overall
zooplankton concentration increased slightly. Since the changes were slight,
there were only minimal changes in bacteria and oxygen, but organic matter
remained unchanged. The simulated outputs follow (the unchanged outputs are

not included):
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