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e Mathematical
relationship(#22E81%)

e Based on observed data
. (ERE=
o Not theoretical
= relationships(#H =@ EE(7)
e Quick analysis({:#E5347)
e Limited applications

(FEFRAIR)

(EREH)

e Mathematical models
(B2 =)
e Designed to produce

system responses or
outputs

G517 faabe AVAL S
e Process and Physically-
based
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and Biochemical




flow CHR/EE— 7 [0 ZH5R)

e Gravitational force (proportional to gradient)
e Tributary inflows

e Direct runoff into water body during runoff
events

e Wind

(R EAEE Z )

e Gravitational force (proportional to gradient)
e Astronomical tides(j&;%)

e Tributary inflows

e Spatial (horizontal and vertical) salinity
gradients

e Direct runoff into water body during runoff
events

e Wind

G5 /K ) |

e Wind
e Tributary inflows
¢ Discharge from dam

e Direct runoff into water body during runoff
events

CH /78 EE)
e Astronomical tides(j&H;%)
e Freshwater discharge
e Wind
e Coriolis force (FHX/7)

e Atmospheric pressure gradients

e Direct runoff into water body during runoff
events
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3asic Principle — Mass Co nsery.atl on

| ehlnd a Water Quality™
,_._V——J +YR+IT+IW

volume
= ,_(_3 concentration of constituent
'2'3 “t=time
= J' = mass transport through the system
R = reaction within the system
1 = transfer from one phase to another

= Input
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Waper Quality Model Applications
SRSIMPIE; steady state models typically USea™o assess
[ESPONSE Under a specific flow condition. e:d., Iow. flow
(i A e e i I
Byne)
— r;uited to point sources/steady: state inputs

(e IRl
PRIDVnemic models consider time varying conditions
(@i )
f;:;?j?ypically more processes simulated allowing evaluation
= of interactions among constituents(J5 2l F » = EE G
- S EERIEEY A )
— Consider distributed nonpoint inputs(Z= =3 EEL ) 52
— Often provide multidimensional simulations(2% 4 £ f54¢)

— Usually used for lakes, estuaries, and streams exhibiting
complex interactions (7 FHFRIEE ~ A RO 2 42
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" Quasi-dynamic
Models(f#EEh BE
f53X)

» Similar to steady-state

SteadY'State formulations

+ May include diurnal

Models(iZ i) representation

» Fate and transport model

» Uses constant values of input
variables

» Predict constant results

Dynamic Mod
HEFLT)

» Mathematical formulation

describing the waterbody and its
temporal variability

« Hydrodynamic -
circulation, transport,
deposition

- Water quality — BOD-
DO, nutrients, toxics,
pathogens, etc.
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scretization of Water Systems

2-D in the vertical Full 3-D

1-D longitudinal (narrow and deep lakes and reservoirs) (estuaries, large & deep

WES) 2-D in the horizontal lakes
(shallow and large lakes and reservoirs, and reservoirs)
shallow coastal areas, wide rivers)
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BOD=Related DO Problems
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HOW Dm Stream BOD/DOModeI

A Simple AnaIytlcaI Solution frqm-&treeter & Phelps

CBOD
NEBOD

Initial Deficit

Alg al Photosysth esis
Alg al Re spiration

Se dim ent Oxygen Demand

.; f:theoretlcal representatlon of prototype

- 554""

—

~ processes

' [ncorporating some prior observations drawn
from field and laboratory data

® Relating external inputs or forcing functions to
system variable responses

-
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__Understanding CBOD ' Removal and

Lakoratory Measurements
( Nitrification SUP{JFCSQCJ)

w X, or

t 0 9 o) 15 z0
Time of Travel (days) Time (dmp)
or Dulaxce




L BOD/D0O"Modeling of the
Rodioke River, e
| (DO _, )1094(0-86450.06

mix

7 =10138

T 1.423( Do

1.474
sag)

— River Mile 131.0 to 129.7
= River Mile 129.7 to 128.7
— River Mile 128.7 to 128.0
=~ River Mile 128.0 to 126.9
= River Mile 126.9 to 1258
— River Mile 125.6 to 1248
= River Mile 1248 to 117.6




Flow at Altavista = 294 cfs & Temp = 22°C

Altavista Effluent

CBOD, (mg/L)
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Flow at Altavisto = 836 cfs & Temp = 19.4°C

CBOD, (mg/L)
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—— STREAM Model Results




L AssimilatiVe Capacity: vs.

BBOIDTIDEOXYJEnation Rate™

7—-day 10—-year Low Flow = 225 cfs & Temp = 30°C
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STREAM Model Results

\(“
; ;‘ bl
AN
{0 Jibs .
Assimilative Capacity (1000 Ib CBOD; /day)

41
C O
“L“"‘.
)
\

| \ I

tooused2NUTdsAds0

BODs Loads from TVA Eq. = 3,600 Ib/day

_a
v .

0O 2N U

00 005 010 015 020 025 030 035 040
CBOD Deoxygenation Rate (day ™' )




. ComparingrReaeration Coefficients for

Shiitee

Table 3. Comparison of Reaeration Coefficients (day™ ) at 20 °C

Mile Point Aug. 1991'  March 1991  Aug. 1989  Aug. 1989  Oct. 1990°
0.0-0.53 5.074 6.266 5.392 9.77 1.82
0.53-0.75 9.886 11.79 14.62 0.76 0.1

- 0.75-2.02 14.94 17.05 17.45 0.76 2.25

- 2.02-3.95 8.427 9.222 9.181 0.76 1.44

' 3.95-6.07 4.897 3.598 3.072 0.76 1.44

1. Tsivoglou Eq.
2.  Langbien and Durum Eq.

ALABAMA DEPARTMENT OF ENVIRONMENTAL MANAGEMENT (ADEM) Usep L&D EQ. IN
THEIR WASTELOAD ALLOCATION MODEL, RESULTING IN VERY STRINGENT EFFLUENT

LIMITS FOR THE POINT SOURCE. THE L&D EQ. PROVED TO BE INAPPROPRIATE FOR THIS
SHALLOW WATER. THE TsIvoGLou EQ. SHOULD HAVE BEEN USED INSTEAD!!
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stingithe Tsivoglou Equation

>
—

Reaeration Coefficients (day '1) at 25 °C for Small Streams’

Measured Tsivoglou's Eq.
Black Earth Creek 8.46 7.8

Mud Creek Tributary 10.7 4.2
Dodge Branch 33.1 34.6
~ Isabelle Creek 14 -
Madison Effluent Channel 2.06 4.1
-~ Mill Creek 331 22
Honey Creek 184 274
West Branch Sugar River 42.5 36.4
Koshkonong Creek 6.09 4.8
Badger Mill Creek 7.98 9.1

1. from Grant (1976) on Ten Small Streams in Wisconsin.



Unfiktered CBOD; (mg/L)

Flow at Woonsocket = 137 cfs
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Legend: 2 Data (Averoged and Ronge: July 10—11, 1991)
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Legend: § July 10—11, 1991 Data (Average with Max. and Min. Bars)

— QUAL2E Model Results
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The Upper Mississippi River

ST. CROIX RIVER

MISSISSIPPI RIVER 560

St. Paul
o
[IMetro

Minneapolis o 1
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3

RUSH RIVER

VERMILLION RIVER

Wisconsin |

CANNON RIVER

LAKE PEPIN

" 760
Minnesota

Wabasha O YA

OD/L a MODEL Was
-DEVELOPE D, "CALIBRA TED, AND
-" RIFIED TO DESIGN THE
#ITRIFICA TION PROCESS AT THE
"METRO PLANT. THE REGULATORY
AGENCY REQUIRED THAT A MODEL
POST-AUDIT BE PERFORMED UNDER

Low FLow CONDITIONS. FINALLY,
THE SUMMER 1988 PRESENTED A
IDEAL Low FLow FOR THE MODEL
PosT-AUDIT ANALYSIS.
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Post=Auditiorithe Upper
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'WFIL TERED CBOD

LEVELS INCREASE AND
FILTERED CBOD
LEVELS DECREASE IN
THE DOWNSTREAM
DIRECTION

CBOD, (mg/L)
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CBOD,, Loading Rate (10000 Ib/day)

b

o Summer 1988: Flow at St. Paul = 2024 cfs
Temperature = 25.5 C

Kq = 0.091 day '

X
C=C,e U

- Legend: o Filtered CBOD, Samples

O i{Metro Plant

1 2 3 4 5 6
Time of Travel Downstream from Metro Plant (days)



| CBOD E‘G“CBOD!5 Ratlo in

‘]J\ water

= : 7HE INCREASE OF

-

- CBOD,, 70 CBOD, RATIO

~ WITH TREATMENT UPGRADE
AT THE METRO PLANT
(LUNnG, 1988).
K RATES ALSO DECREASE
WITH TREATMENT
UPGRADE!I

o ° Metan = 247\
°° $ (-] °°.
1% ______________ D e gy e = - - - - - -
Mean — 1 Std. Dev.” » Z 1
0.5 °
LEGEND: o Datafrom 144 Treotment Plants by Leo et al. (1984)
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Sec+Nitri 5,63 3.60
LEGEND: o Dato from 144 Treatment Plants by Leo et al (1984)
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Numerical“Fagging of Phosphorus in Lake Pepin
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A LE i nsport of Phosphoru
'from;" = etfeﬂ t-

o JVJJJv-‘J W.r =UTRG) Results'Show Thate
PHOSPROUS Load Re uction at the Metro

Rl ould Have a Minimal Effect on

{F‘JJP‘ g the Algal Biomass in Lake Pepin.

=10 oF at Extent Is Phosphorus from the
== =\ ei:ro Plant Transported to Lake Pepin under
-,. Both Existing and Potential Reduce
= -Phosphorus Loading Conditions?
® More Specifically, What Portion of Phosphorus
in the Algal biomass in Lake Pepin Is from the

Metro Plant?

. —
-—
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SIS Eutrophication Viodel Has Nonlinear Structure for
AlefzlN€ wfh Kinetics (i.e., Temperature, Light, and
J\J.Jrrwnrs ffects)

J JJH”}J o ‘the 2P0, Technique That Limnologists Use in
Tra mg Phosphorus in Natural Water Systems by

/-"- ._.,
- .....

;5',.-* = Measuring the Amount of °2PO, in Various Phosphorus
=~ Compartments.

p— _g ——

-
e ———

~ & The Numerical Tagging Analysis Requires That the
— EUTRO Model be Modified to Enable Phosphorus Loads
from Individual Sources Such as the Metro Plant to be
Numerically Labeled and Tracked Separately from Other
Phosphorus Sources.

—
NlUmerical Tagging A‘haIyS|s .
2 Sirnlglls ﬁmpoMs—Routmely Performed mw

BOD/DO Modeling Does Not Work. ——

S
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Reaeratio
Decay Deoxygenation
o |cBOD $ - DO
(3] b
3 s £
@ £ = a _% =
sl 3 g g 2|3
g 3 £ o  El=
8 Hydrolysis = 3 “:f “!3
Wgpw 3 é
Org N NH3 NOo3 | £
: - 2
< £ z : 2|
>
for Numerical 5 i 18—t 1| prvr| 1|2
X & Phosphorus Upgake z | &
: Of La ke Pepln Mineralization o 9 «
OrgP PO4 'ﬁ_'%  E =
ISedirnent Flux s P
v . c
L é 1 Nutrient Recycle \ ....... —-
?
Labelled
Phosphorus Uptake PHYT
Mineralization
Labelled Labelled
Org P ; PO4 £
2 I Sediment Flux ":;.;
1Settling @
Nutrient Recycle

Carbon Recycle

Original System Variables in EUTROS5

System Variables Added for Numerical Tagging Analysis




JLJrr ical Tagg|‘g W

Additionzl SystamVe rr ESHEEIENNO .;e-r- hate, Labeled
J\Jonhwru Orrw‘ PHOSPRORUS, and LabEled PRytoplankton

I/

Algjzl] (”rJWJ ates Must Be Calculated Based on the Combined
C oncenrur c -—of |labeled and Unlabeled Orthophosphate

SR SEIEG P osphorus Cycles among the Labeled Compartments
T~ JJF'J érgoes the Same Rate (Mineralization, Settling, etc.) as
—Ur ’éﬁe]ed Phosphorus

‘.-—J '

’O’Oniy‘When Calculating the Algal Growth and Phosphorus
Uptake Rates Do the Labeled and Unlabeled Systems Need to
Communicate and Correctly Proportion the Increase in Algal
Biomass and the Decrease in Orthophosphate between the Two
Systems



Total P (mg/L)

Ortho—P {mg/L)
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Ann-L}FBEaL Phosphorus Loads to Lake Pepin
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Other Point Sources s
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Resetting Initial Conditions — Caloosahatchee River Estuary, FD

Caloogahatches TMOL, Water Quallty Callbration - 2003 Caloeeahatches TMOL, Water Guality Valldation - 2004
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