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ABSTRACT

The 5-day biochemical oxygen demand (B.O.o.S) contained

in wet weather urban discharges from combined sewer overflows

and separate storm runoff can result in depletion of dissolved

oxygen in receiving streams below acceptable levels.

This study was undertaken to determine the effects of

the wet weather and dry weather discharges on minimum

dissolved oxygen (D.O.) leve1s in the Red River, at WinniPeg,

Manitoba, and to predict the effect,s of various pollution

control strategies, such as wet weather flow tfeatment, dry

weather flow treatment, and low flow augmentationr orl the D.O.

levels of the Red River.

The Storage Treatment Overflorv Runoff l{odel (SÎORM) v¡as

used to predict B.O.D.5 loadings in urban runoff for 1977.

These loadings r,rrere input to a computer based planning level

river quality model developed for this study, using Èhe

Streeter-Phelps formulations to predict minimum D.O. concen-

trations in the Red River. The effect of conÈinuous discharges

brere examined using a dry weather flow model. Both models hrere

calibrated to measured data.

The wet weather flow model predicted that the number of

violations during 1-977 of a minimur¡ D.O. of 5 mg/L axe 12, 5,

2t and 1 for existíng conditions; 252 treatmenÈ of combined

seÌrrer overflows (C.S.O. ) ; 504 treatment of C.S.O. ; 752 treat-

ment of C.S.O.; and 50? treatment of all wet weather flows
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respectively. It predicÈed that there would be no change in

the number of violations if the river flows were one-ha1f of

the 1977 flows.

The dry weather flow model predicted average minimum

dissolved oxygen levels during the summer of 6.8 mg/l', 2.0

mg/L, 0.1 mg/L, and 7.6 mg/L for secondary treatment, primary

treatment, no treatment, and advanced treatment of continuous

municipal sewage discharges. It predicted Èhe average minimum

D.O. concentration would be 5.2 mg/L with secondary treatment

at one-half the river flows.

It was concluded that the D.O. level in the river is

sensitive to variations in dry weather and wet weather flow

treatment. A minimum of secondary treatment of dry weather

flows is necessary to keep average minimum D.O. above 5 mg/r'.

The treatment of wet weather flows will reduce the number of

violations of a D.O. concentratj-on of 5 mg/L.
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EFFECTS OF URBA¡{ RUNOFF

ON THE DISSOLVED OXYGEN RESOURCES

OF THE RED RIVER AT VÍINNIPEG, MANITOBA

I. TNTRODUCTION

Urban runoff contains significant amounts of pollutants,
and may constitute a threat to the quality of receiving streams.

stream degradation is a high complex phenomenon that requires
considerable research before adequate solutions can be

developed.

1.1. STATEMENT OF THE PROBLEM

In the past 50 years, millions of dollars have been

spent on sewage treatment in virtually every city in the

country in order to protect the recej-vÍng streams. This major

effort has concentrated on the continuous discharge sources of
wastewater.

Over the last 15 years there has been an increasing

awareness of the significance of pollutants in runoff from

rainfall events. PrecipiÈation falling on urban areas beeomes

contaminat,ed as it passes through the air, contacts urban

surfaces, and mixes with deposits in sewers. The polJ_uted
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storm \ârater finally discharges to the receiving stream.

In terms of S-day Biochemical Oxygen Demand (B;O.D.r)

the strength of combined sewer overflows is approximately

one-half the strength of untreated municipal sewage. (1)*

Separate storm discharges have approximately the same B.O.D.5

concentrations as treated municipal effluent". (1) During

runoff periods the high volume of runoff results in mass

loadings to the stream many times that of treated effluents.
Urban runoff also contains significant proportions of other

pollutants such as solids, coliforms, nutrients, and inorganic

chemicals.

Stream degradation may occur when pollutants from these

discharges exceed the assimilative capacity of the receiving

water body. Treatment of these intermittant discharges has

largely been neglected in municipal pollution control
strategies. The magnitude of the intermittant pollutant
loading increases as a city grows in populatj-on. The result
is that receiving water quality is degrading even though

millions of dollars are being spent on treaÈment of continu-

ous dry weather discharges.

There is a need to develop comprehensive plans of urban

pollution management considering the optimum blend of control

of d.ry weather and wet weather pollutanÈ discharges. In the

United States, development of such comprehensive plans are

required under law (P.L. 9200) prior to the allocation of

Federal funds for pollution control faciliti.=. (2) canada is
heading in the same direction. (3)

* The numbers in parentheses in t,he text indicate referencesin the bibliography.
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I.2. R.EASONS FOR THE STUDY

Most of the concefiì with a sewerage system relates to
the Ímpact of the discharge of wastewater to the receiving
stream. The location of lfinnipeg, l"lanitoba on the confluence

of the Red and Assiniboine Riversr ês shown in Figure 1,

makes wastewater discharge a special consideration since the

rivers are a resource for water related recreation in Winnipeg.

At various times during the history of Winnipeg the

rivers had become polluted to crisis levels with se\¡irage fo.A"iA)
The first crisis was in the early 1930's resulting in the

installation of interceptor sev/ers and a primary treatment
plant. rn the early 1960's, the quality of the Red River had

again degraded to a crisis point, that resulted in a lO-year
ptogt.*(5) to provide secondary treatment of alr continuous

d.ischarges, ending in L974 with the opening of the south End

Water Pollution Control Centre. The City of lrlinnipeg is
committed to preservation of the quality of the rirr.t". (5)

The City currently directs its complete pollution
control budget to the collection and treatment of continuous

dry weaÈher flow discharges. However, the adequacy of the

existíng pollution control program is unknown under the

following conditions;

1) low river flows where the assimilative

is low; andcapacity of the rj-ver

2l wet weather conditions, when pollutant
loadings from combined sewer overflows

and storm ser'.rer discharges are many
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times greater than that diseharged from

the treatment plants.

Although no físh kills have been reported in recent
years, it is possíble that the oxygen reserves of the river
maybedep1etedduringthesecondítions,resu1tingininjury

to aquatic life.
rn addition, the direction of future pollution control

efforts in hlinnipeg can only be optimized, when the conditions ,.

of the receiving stream are known under a range of possible 
:

control strategies. The control strategies range from the :

"no treatmenÈ" alternative to complete secondary treatment of
all dry weather and wet weather flows.

1.3. OBJECTIVES

The objectives of the study are as follows:
1) to determine the effects of¡

a) treatment plant effluents,
b) combined sewer overflows,

c) storm sewer discharges,

from the City of lVinnipeg on the quality of
the Red River, using dissolved oxygen (Ð.O.)

as the quality parameter;

2) to determine the effects of various pollutant
control strategies on oxygen levels in the

Red River at lfinnipeg including;
a) dry weather flow treatment,

b) wet weather flow treatment,
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c) low flow augmentation of Red River

flows.

I.4. STUDY AREA

The City of Winnipegr the capital of Manitoba, has a

popuration of 560r000, approximately one-half of the popura-

tion of Manitoba. The city of wj-nnipeg has both combined and

separate sewer systems as shown in FJ-gure 2. The older
central area of the city is served by coinbined sehrers. The

dry weather flow and a nomÍnal fraction of the wet weather

flow is diverted to an interceptor sewer which conveys the

sewage to the NEI{Pcc treatment pIant. ' A1l wet weathe,r frow

in excess of the 2.75 times dry weather flows overfrov¡s to
the River. There are 41 individual combined sewer districts
which total approximately 26,000 acres.

Since about 1961, all new developments in the City have

been built using the separate sewer syst"*. (6) The City of
Winnipeg has approximately J-6r000 acres of separate sewered

area.

1.5. EXTENT OF INVESTIGATION

In order to achieve the objectives, the study was

carried out within the following bounds.

J.. The Storage Treatment Overflow Runoff Model 'g1,gp¡4' 
(7)

hTas used to generaÈe estimates of pollutant washoff from the City
of vfinnipeg for subsequent use in the river quality analysis.
STORM is a continuous simulation model which facilitated the
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examination of runoff quantity and quality.
The period of record used for the study was May, June,

July, August, sept,ember, and october of 1977. This was the
first year in which comprehensive dissolved oxygen measure-
ments v¡ere available for the Red River. (8)

2- A computer based model was developed using the streeter-
Pherps formulations to model the B.o.D.-D.o. relationsirips.
This model was used to predict minimum D.o. levels for each
rainfall event. A dry weather flow model was developed for
anarysis of continuous discharge of sewage treatment plant
effluents.

3- The wet weather and dry weather loadings were developed
for various pollution control strategies and tire frequency
of minimum dissolved oxygen revels were predicted for wet
weather and dry weather using the river quality models. The

specific strategies investigated v/ere :

1) no treatment of dry weather flows;
2) primary treatment of dry weather f1ows;

3) secondary treatment of dry weather flows
(existing conditions) ;

4) advanced treatment of dry weather flows;
5) minimal treatment of wet weather flows (existing

conditions 2.75 x dry weather flows);
6) 252 B.O.D.5 removal of combined sewer

overflows;

7) 503 B.O.D.5 removal of combined sewer

overflows;
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8) 752 B.O.D.5 removal of combined sewer

overflows;

9) 50? B.O.D.5 removal of all wet weather

flows.

The effects of low river flows were also investigated
to aIlow evaluation of low flow augimentation using water

diverted from another source (e.g. Lake Manitoba), as a

pollution control st,rategy.
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2. LITERATURE REVIEW

2.I. EFFLUENT AND STREAM STANDARDS

ltlastewater is of concern with respect to pollution of
the streams in that it carries components which may deplete

the oxygen resources of the stream, stimulate undesirable

growÈh of plants or organisms and/or have undesirable aesthetic

or health ef fect,s on downstream users. lVastewater can contain

bactería and viruses which may transmit diseases.

Traditionally, regulatory agencies have promoted

"effluent standards" as a means of protection of water quality.
In this approach an effluent concenÈration limit of for
example 30 mg/L B.O.D.5 r^ras required. This method of regula-

tion is known as the "best practicable technology" approas¡[I0)

and is currently used by the Federal Government in their
guidelines for Federal installatiorr". (9) Proponents of this
approach argue that this is a reasonably achievable standard

and provides for the minimal practicable discharge of polIu-
tants to the environment.

The inherent weaknesses of the approach is that it does

not recognize the relative capability of the receiving stream

to assimilate pollutants, while preserving other uses of the

specific stream. An approach based on finding the optimum

use of a stream i-s referred to as the "best resource al-locat,iorr(JO)
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approach.

The Province of Manitoba has proposed surface water

quality objectives and stream classifications (10) .orr"istent
with the resource use approach. This approach has been taken

in many states in the United States. (11)

The objectives (to) r""ognize six use categories for each

stream as follows:

1) domestic consumption;

2) fisheries and recreation;

I 3) industrial consumption;

4) agriculture and. wildlife;
5) navigation and waste disposal; and

, 6) other uses.

A number of sub-classes are defined for the first four
i

, classes. For examplerunder the principal class 1, domestic
l

consumption, the following sub-classes are defined:

1A: Raw water meets Canadian Drinking Vfater

Standards (C. o.w. S. ¡ 
(12) with no treatment;

18: Raw water will meet C.D.W.S. with disinfec-
tion;

lC: Raw water will meet C.D.W.S. with conven-

tional treatment; and

ID: Raw water will meet C.D.Vü.S. with advanced

treatment.

Stream reaches are classified according to each category.
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For example the Red River is classified as shown in Table 1.

TABLE 1.

STREAT,I CLASSIFICATIONS RED RIVER

Reach Classification
U.S. Border to
Winnipeg South Limits
City of Winnipeg
Winnipeg North Limits to
end of recovery zone
Recovery zone to Lake
Winnipeg lc, 28, 38, 4A, 4B , 5 , 6

Limits are set for a range of constiuents under each

such-category, including D.O. and fecal coliforms, and based

on knowledge of water quality criteria from standard

references. (11) (12)

A major criteria of interest in sanitary engineeri-ng is
dissolved oxygen. fnadequate dissolved oxygen may lead to an

undesirable environment for fish and other aquatic Iífe. The

absence of dissolved oxygen will result in odours from products

of anaerobic decomposition. Depletion of dissolved oxygen

results from a biodegradable organic addition. This is des-

cribed in the next section. Some important D.O. values and

B.O.D. interpretations comrnon for a stream are sho\^rn in Table 2.

2.2. CHARACTERTSTTCS OF URBAN DISCHARGES

Sanitary Engineers have recognized the characteristic pollut,ant

loads in municipal se$rage for hundred of years. Recognition

of pollutant loads from combined sewer overflows has led to the

development of the separate sewer system. In The District of

18, 2C, 38, 4A, 48, 5, 6

2C, 38, 4A, 48, 5, 6

2C, 38, 4A, 48, 5, 6



Dissolved Oð'¡gen

Value

t4 mg/L

8 mg/L

5 mg/L

4 mg/L

2 mg/L

0 mg/n

352 l_0 0 a
Saturation

B.O.D. -

-) I mg/L

2 mg/L

5 mg/L

I0 mg/T'

Stream Standard

5 m1/L

TABLE 2.

TMPORTANT D. O. VALUES A}TD B. O. D.

ïNTERPRETATïONS 
(10) (11)

Saturation at OoC.

Saturation at 24oC.

Minimum for trout species
Typical Stream Standard
Minimum for pickerel
Minimum for rough species
Anaerobic Conditions - Odours
Manitoba Objective Class 2C
(nea River, !'tinnipeg Recovery Zone)

Very Clean Stream
Clean Stream
Dou.btful Quality
Bad - will likeIy resul-t in
significant depletion

Typical Stream Standard for
l"linimum D . O. minus B. O. D. 

5
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Columbia, U.S.A., separate Se\^Iers were installed in nevl areas

of the City beginning in 1890. (-13) th. widespread installa-

tion of separate se\^Ier systems did noÈ begin untíI the 1950's'

and in lrrinnipeg after 196L. (6)

Sewer separation in older combined areas was thought to

be the best solution to the problem of combined se\tlers. More

recently there has been a realization that separate sÈorm

sev¡ers also carry sigrnificant Pollutant concentrations. The

result is that Ser+Ter separation aS an abatement strategy is

being replaced by a wide range of alternatives including source

control, storage and. treatment. (1)

The relative characteristics of pollutant concentrations

in municipal sewage and urban runoff is shown in Table 3.

This data, as presented in a comprehensive report released by

the Environmental- Protection Agency (E.P.A. ) in 1974 
(13) 

and

updated in l-97t r(t+) t"pt.tents average values for 2,500

separate sewer samplings and 2,200 combÍned sehTer sanplings in

cities across the United States.

The city of winnipeg has also been active in sampling of

combined and separate storm sewer discharges. The first

monitoring program took place in the years from J-969 to 797I.

The results of more recent sampling programs (15) (16) are shown

in Table 4. These are compared with result.s of tests at the

North End Water Pollution Control Centre (i¡.n.w.P.C.C.).



Untreated Munícipal
Sewage

Treated Municipal
Sewage

Primary
Effluent

Secondary
Effluent

Combined Sewage
Overflows

Separate Storm
Sewer Discharges

Background Levels

TABLE 3.

CHARACTERISTTCS OF URBAN

B.O.D. _

mg/L 5

200

s. s.
mg/L

200

DISCHARGES(13) 
(14)

135

25

115

20

0.5 3

Total
Coliforms
MPN/100ml

15 x 10'

80

15

TotaI
Nitrogen

mglÏ, as N

40

370

415

5 - 100

2 x 107

1 x 103

5x106

4 x 105

Total
Phosphorous

mgrlL as P

10

35

30

11

3

0.05 0. s

I

5

4

1

0.01 - 0.2

I
ts(¡
I



N.E.W.P.C.C. (CitY data)

Raw

Final Effluent

st. Johnrs Polson (16)
Munroe Combined
Districts

Southdale, Baldry (15)
Separate Systems

CHARACTERISTICS

TABLE 4.

OF URBAN DISCHARGES

B.O.D. tr S.S.
Jmg/L ' mg/L

294

46

AT WINNIPEG

14 191

317

46

Nitrogen
mg/L

t2

I20 720

36

24

Phosphorous
mg/L

578

8-23

6.8

2.9

5.3 l.s

14

I
H
Ol
I
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2.3. URBAN STORMVIATER QUANTITY AND QUALÏTY
!,IATHEI'ÍAT I CAL MOÐELS

2.3.1. General

A mathematical model is a system of equations that trans-

form an input to an output. In terms of urban runoff, a

typical model is shown in Figure 3. (3) The model is a

representation of the physical phenomena. More complex mathe-

matical models are computer based since a large number of

computatíons are made during a "run".

In the field of urban stormwater management' a large

number of models have been developed in response to analysis

requirements in the United States!2) tfri= model technology has

been adopted by Canadian engirr".t=. (3)

A model is used where experiments on the real system are

not feasible. For example, it may be virtually impossible to

test a drainage system under certain conditions such a one in

ten-year rainfall. However, the modeller can "experiment" with

a system under those conditions and. many others using a model

calibrated under more normal conditions.

It is important to note that the development. and use of

models increase the understanding of the phenomena being

modelled and give the modeller a feeling for the system being

modelled.

A range of models have been developed for planning,

design, and operational .orrttol. (3)

a) Planning models are used for overall assess-

ment of the urban runoff problem. Even if



-18-

I NPUT

METEOROI-OGICAL

DATA

PHYSICAL DEFINTNON
OF THE SEWER DISTRICT

POLLUTANT AlD
CLEANING DATA

OUTPUT

RU NOFF QUANTITY
( HYDROGRAPHS }

RUNOFF QUALITY
( POLLUTOGRAPHS)

FIG. 3 . URBAN RUNOFF MODEL

URBAN

RUNOFF

MODELS



-19-

the results from such a model are not

exact, they can serve to indicate which

alternative systems are most promising

in terms of broad objectives;

b) Design/Analysis models are typically more

complex than planning models but the

results are accurate enough for detailed

design of systems;

c) Operational models have been developed to
allow actual real time control of a system

during a rainfall event. They serve to

make predictÍons and actuate controls to

optimize the system response d.uring an

event.

Planning models are typically used to analyze a large

number of evenÈs at low cost. Design models are run for a

single design event, or up to several design events.

With any model, the question arises as to how well the

model represents the physical system. Sensitivity analysis,

calibration and verification are reguired to gain confidence

in the results. These steps increase the reliability of Èhe

results. This is especially important when the input values

are not accurately known.

Sensitivity analysis involves the systematic independent

variation of parameters used in the computationr in order to
ascertain the effects of such variations on the results, and
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to decide whether or not the model responds in a logical
manner. This analysj-s serves to increase knowledge and under-

standing of the model, and. even the physical system. the

variation of the parameters is kept within usual known limits

of the parameters.

Calibration is the adjustment of model parameters such

that the output closely matches an observed record. A model

that is not calibrated can not be used with any confidence,

and a model that can not be calibrated. is a poor representa-

tion of the physical system. Calibration requires measure-

ments on the real system.

Verífication involves test,ing the calibrated model on a

separate data set to insure it is not biased.

2.3.2. Urban Stornnvater l4odels

A recent study for Environment c"rr.d.(3) identifies
eighteen urban runoff models. The characteristj-cs of eight

of the more widely used urban runoff models are shown in
Tab1e 5.Q) or these, the canadian Governmerrt(3) has selected

a design model SWMM and a planning model STORM as most suited

for Canadian condit,ions. These models are the most widely

used and best documented of those studied. They are being

continually irnproved and updated through the U.S.E.P.A.

(,SlVl"I¡4) and the Corps of Engineers (STORM) . SVTMM is described

briefly below. STORM is described in detail in Section 2.4.

since iÈ is the model selected for use in developing pollutant

loadings for this thesis.
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2.3.3.

The Storm Water Management Mode1 (SWMM) is a comprehen-

sive "single-event" urban runoff model first released by the

u.s.E.P.A. in Lg7I. (I7) rh" latest release SWMM 7 was issued

in November of ]..977.

Figure 4 shows an overview of SWMM. SWMM is a simula-

tion program that accounts for rainfall and snowmelt,

infiltration, overland flow, conduit flow, storage, treatment

facilities, and even the receiving water response. Receiving

water models are discussed in Section 2.5.

The program consists of over ten thousand Fortran

statements and requires the use of a large-scale computer such

as the CDC 6600 or IBM 370.

SWMM has been calibrated and verified on many subcatch-

*"rrt=. (3) 
SWMM quantity simulatj-ons are considered accurate

enough for design purposes. SWMM quality simulations are

able to produce pollutant concentrations and loadi-ngs within

the same order of magnitude as measured values. This lack of

accuracy in quality results as compared to accurate quantity

results is typical of all models. It is an indication that

the "state-of-the-art" of quality modelling is behind that of

quantity modelling.

2.4. STORM

The Storage Treatment overflow Model (-STORI'I) 
(7) is a

continuous simulation model that can be used for prediction

of the quantity and quality of stormwater and dry-weather
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flow. The model considers the following phenomena, as shown

in Figure 5:

rainfall/snowmelt;

pollutant accumulation ;

runoff and pollutant washoff;

effects of storage and treatment; and,

rr," *oa":ï:::::"i,ï'":ï:ï;":::::î, n,".ipi,a,ion
and temperature, which may extend over a large number of years.

Ihe catchment is described in terms of land use and imper-

viousness. Different pollutant accumulation rates are

associated with the various land uses. The rainfall or snow-

melt ín excess of the available depression storage is trans-

formed directly to runoff at the outlet from the catchment.

Flow and quality routing is not considered; the pollutograph

being directly related to the runoff rate in any hour. A

treatment rate for this runoff may be supplíed. Flows in

excess of this rate may be stored or considered as direct

overflow. The water balance between storms is very simply

considered as a recovery of depression storage by evaporation,

while the surface pollutant accumulation is modified by street

cleaning at a specific frequency. For a given rainfall-

snowmelt record, the quantity, quality and number of overflows

will vary as the treatment rate, storage cap"city and land use

is changed.

The description shown herein is limited to those facets

of STORM used in the present study. For a complete descrip-

tion of the many other STORM features, the reader is referred
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to the Users ¡lu.rrrru.l. 
(7)

2.4.I. Quantity

The quantity algorithm is easily represented pictorially
as in Figure 6. The Runoff quantity is calculated using the

following equation:

r=C (p f)

where,

r = runoff in inches per hour;

C = composite runoff coefficient dependent on
land. use;

P = rainfall/snor,rmelt in inches per hour;

f = available depression storage in inches.

The composite runoff coefficient represents losses due

to infiltration and is computed as follows:

L
C = Cp + (Cr Cp).t- Xi Fi

l-=I

where,

Cp = runoff coefficient for pervious surfaces (0.20);

Cï = runoff coefficient for impervious surfaces (0.90);

X., = area in land use nirr as a fraction of total areai
l_

F. = fraction of land use rrirr that is impervious;
L

f, = total number of land uses.

The depression storage available, f, is calculated as

follows:

f = fo * Np k ; f <D
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where,

f^ = available depression storage in inches, ato end of previous event;

ND = number of dry days since end of previous- eventi

k = pan evaporation rate, inches/dayi

D = maximum depression storage.

In the case of combined sewered areas, dry weather flow
is added to the runoff to calculate the total outflow from

the urban area. the average dry weather flow is modified for
diurnal variations and. for the day of the week, according to
the following equation:

DWF(I'J) = ADVIF x DVAR(I) x HVAR(J)

where,

DI{F(IrJ) = dry weather flow, day (I) , hour (J) ;

ADWF = average dry weather fl_ow in mgd;

DVAR(I) = ratio for day I to the average;

HVAR(I) = ratio for hour J to the average.

Tables 6 and 7 show the daily and diurnal variations
used for this study, taken from the Users iutanual. (7)

The quantity of Èhe system overflows are computed for
each hour by:

Qo = È Qt -Qs

where,

Qo = runoff overflow (inches);

Qr = runoff treated (inches) which is the minimum- of the actual runoff or the maximum treatment,
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TABLE 6.

DEFAULT VATUES FOR RATIO OF DAILY FLOWS

TO AVERAGE STORM

Daily Flows

Day

Monday
Tuesday
hlednesday
Thursday
Friday
Saturday
Sunday

Hour

TABLE 7.

RATIO OF HOURIY FLOW TO A\rERAGE

HOURLY FLOW - STORM

Ratio

1. 08
1.04
0.92
1.03
1.00
0.96
0.95

Ratio

0.6
0.5
0.5
0.5
0.5
0.8
0.8
1.4
1.5
l_. 5
1.4
1.4
1.3
1.3
1.3
t.2
1.2
1.1
1.1
1.0
1.0
0.8
0.7
0.6

I
2
3
4
5
6
7
I
9

t_0
tl_
I2
13
14
L5
16
L7
18
19
20
2t
22
23
24
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rate in inches/houri where there is excess
treatment capacity, stored quantities are
treated; and,

O- = runoff stored (inches); this is added to
the existing storage unt.il the maximum
storage capacity is reached.

2.4.2. Quality

STORM handles quality as a accumulation of pollutants

during dry periods which are washed off during wet periods.

The rate of dust and dirt accumulated is given by:

DDt = ddf, (Gtrl100) \
where,

DD = rate of dust and dirt accumulation in poundsr/
day;

dd = rate of accumulatíon in pounds/day/I}O feet
of gutter;

Ç = feet. of gutter per acrei

[ = area in acresi and,

f, = subscript for each land use.

If the number of dry days sínce the last storm is less

than the street sweeping intervalr the initial quant,ity of
pollutant (say a.O.D.) is calculated as follows:

Pgoo = Feoo DDL No + Pgoo

where,

Po.,r., = total pounds of B.O.D. on land use L atYvu the beginning of the sÈorm;

Er : pounds of B.O.D. per pound of dust and dirt;.BOD I

ND = number of d.ry days ; and,
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D = total pounds of B.O.D. remaining after'BoD rast storm.

If the number of dry days exceeds the street sweeping

interval, then the accumulated amount is reduced by a factor
(1-E) every Ns days where:

E = efficiency of street sweeping; and,

N_ = nuÍiber of days between street sweepings.s

A first-order wash off equation is used which is based

on a 90å wash off of pollutants in one hour when the runoff
rate is 0.5 inches/hour:

where,
Maoo

R

K

Meoo = Pgoo (.r "-^*)
pollutant washoff pounds /hour ¡

runoff rate in inches per hour;

washoff decay coefficient = 4.6 for
conditions stated above.

The above equation has been modified in the model so

that predicted results will more often agree with measured

data. These include an availability function, and pollut.ant

relationships. A typical pollutant relationship is that
B.O.D. of the runoff includes a portion equal to one-tenth

of the suspended solids runoff.

The pounds of pollutants are then mixed with the runoff

for a given period and routed through the storage treatment

cycle in direct proportion to the quantity algorithm.
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2.4.3. Limitations of STORM

Some of the limitations of the STORM model are listed
below:

1) STORM requires a great deal of data with
respect to climate, land use, and pollutants.
I4uch of this data does not exist for a

particular city (i.e. pounds B.O.D.5/d,ay/J-}O

feet of gutter). As a result, the user must

use d.aÈa collected in a few studies in a few

U.S. cities;

2) The model was developed to model urban runoff
from separat,e areas. Therefore, in order to
use it for combined sewers the user must:

a) adjust surface loading rates to

account for deposition in the sevlers,

b) adjust street sweeping efficiency
since thís does not affect sewer

depositions i

3) The model uses accumulation as pounds per day

per 100 feet of gutter: Accumulations on

parking lots and grassed areas are not

explicitly accounted for. There is an option

to use a pounds per acre accumulation rate,
but there is even less base data for this
option;



-33-

4) Street sweeping is ímportant only if it is
as frequent as the storms themselves. The

street sweeping cycle starts agaín after
each storm.

.

2.5. RECEIVING $IATER QUAI,ITY MODELS

2.5.1. General

In addition to the urban runoff models discussed earlier,
: a number of receiving water quality models have been developed

: to predict receiving water quality in response to various

loadings. A major input to the recei-ving water quality models

are the pollutant discharges from urban areas. In this
, respect they are often used in conjunction with models that.
l

' predict urban runoff quantity and quality. These water quality
models are a most important link in the chain of models used

f.or environmental assessment.

Table I lists the characterist,ies of several water

guality *od"l=. (2) The river quality models are generally

composed of two sections: (1) hydrodynamic, and (Z) kinetics.
Hydrodynamics refers to the analysis of mixing, advec-

tion and dispersion in the receiving water stream. The

hydrodynamic section is typically a function of the type of
water body, i.e., stream, estuary t er lake, and the spatial

frame i.e., one, two t or three dimensional.

The kinetic section models the interaction of constitu-
ents, such as B.O.D'-D.O. in the stream.

River Quality models are further classified according

to time variability, that is, steady-state ¡ ox dynamic.
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Dynamic models differ from steady-state models in that they

calculate the state of all components for variable inputs at
each time increment. The tj-me step may vary from a few

seconds to a day depend.ing on the finite difference solution
technique. The numerical techniques presently in use for
hydrodynamic simulation of estuaries require very short time

steps (thirty seconds for RECEIVE). This results in very

high computer costs.

2.5.2. B.O.D.-D.O. fnteraction

All the models use some form of the Streeter-phelps

formulation" (18) for B.O.DS-D.o. interactj-on. The oxygen

balance and the Streeter-Phelps equation are shown in Figure

7. The general form of the equation at a point is as follows:

K2 (O.O.O.) -KI L-KnN+P R-B

where,

âc
tE = rate of change of dissolved oxygen conten!;

D.O.D. = dissolved oxygen deficít (mg/L), C=-C;

Co = D.O. concentration at saturation (function
of temperature);

K2 = reaeration coefficient (aay-I);

L = ultimate B.O.D.u concentration (mg/ù ¡

Kl = deoxygenation rate constant (¿.y-1)

N = NH3 concentration expressed as N (mgh,) ¡

Kr, = nitrification rate constant;

P = overall rate at which oxygen is released
by photosynthesis (mg/L /day) ¡

AC =ât
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N.B. Do = soturotion ctrtcenlrotion-octml concentrotion

f = lrovel îirne (doys)

N.B.for simple system distonce = velocity x time

*Note: Form shown only processes md bo.rndory cor¡ditions morkedr
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Fig.7. OXYGEN BALANCE AND THE STREETER - PHELPS EQUATION.

;

STREAM SECTION
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R = overall rate at which oxygen is used by algae
respiration (mg/¡,/day) ¡ and,

B = overall rate at which oxygen is used by
benthic deposi.ts (ng/ Vday) .

Many of the parameters and rrKtr factors used in the above

equation are not known for most streams. Various procedures

are available to estimate these from stream characteristicJ]8) (19)

The modeller must decide which processes are significant for

his application. For example, where a treatment effluent

contains large quantities of NH3, and the nitrifying bacteria

can grow in the stream, oxidation of NHt can be a major oxygen

sink. This is because it takes 4.57 mg/L of oxygen to oxidize

1 mglI, NH, as N.

In many cases only the first two terms of the equation

are used as: H = KZ (D.O.D.) - *1"

This equation is used

The steady state models use

tion: D.o.D. = KlLa I
where, KZ--KI t

directly for the dynamic models.

the int.egrated form of the equa-

"-krr_e-k2rì*Dae-k2r)

KZ (t - (xz-rr) ¡a , IK1 KrLa Ir-)

n deficit is given by:

t = time (.day) ;

La = initial B.O.D.,, concentration (ng/I); and,

Da = initial D.O.D. (.mg/L) .

This is the classical Streeter-Phelps dissolved oxygen

sag equation. The Lime of criticar dissolved oxygen deficit
is given by:

L--crit K2-Kt lnt

oxygeand the critical dissolved
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Dcrit = La Kf Ce-Kltcrit¡

-R2
The values of K, and K, can be estimated from stream

characteti=ti."(i19) or from gt.prr"(20) as shown in Figures I

and 9. The values of the reactj-on rate constants vary wiÈh

temperature. The following equation is used to estimat,e this
e ffect.

Kr = K2ooc e(T-20)

: 
*here,

T = temperature; and,

Q = temperature coefficient.
;

Reported values of the temperature coefficient are shown in

I fable 9 and Table 10 for reaeration and deoxygenaÈion respec-

, tively. ft is important to note that these apply for a

I limited temperature range only used by the original researcher.

The limitations of the simplified oxygen sag equation

using only the deoxygenation and reaeration terms are:

1) it ignores many of the oxygen sources and

sinks which could be important in any given

situation;

2) the reaction constants of the theory are

difficult to measure or establish from

stream characteristics ;

3) in iÈs integrated form, the equation is

limited to a single source of pollutanÈs;
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Temperature
Coefficient

TABLE 9

REPORTED VALUES OF' TEMPERATURE COEFFICIENT E(18)
FOR REAERATTON RATE CONSTANT

L.047

1.0241

1.0226

1.020

I.024

1. 016

1. 016

1. 018

1.015

1.008

Aeration
System

Channel

Stirred

Stirred
St,irred

Stirred

Stirred

Stream

Channel

Channel

Channel

R"f"r.."" (18)

Streeter, et.al. (1936)

Elmore and V'Iest (1961)

E1more and lrlest (1961)

Downing and Truesdale (1955)

Downing and Truesdale (1955)

Downing and Truesdale (I955)

Streeter (1926)

Truesdale and Van Dyke (1958)

Truesdale and Van Dyke (1959)

Truesdale and Van Dyke (1958)

I
È
l!
I



Location

Boise River, Idaho

San Francisco Bay
Est,uary

-42-

TABLE

VATUES OF TEMPERATURE
FOR DEOXYGENATION

Temperature
Coefficient

r.02 1.09

1.075

10

CoRRECTTON FACTOn, g ( 18)

R.A,TE CONSTANT

1.047

r.0 47

1.05

Reference

Baca and Arnett, 1976

Lombardo, 1972

Chen and lfelIs, 1975

Chen, 1970

Crim and Lovelace, 1973

-,^f - 
'

',Ñ:' 
' ""'1's15u

#æ.,l¡fu.}'

fl o- f¿ÅiJ,Tr," ,.1 ,''i\ **J:' /:'¡\ {¡g¡tnftits_"
-Ël;''..--.tt;';;ÉÞ''
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this is oyercome in dynamic simulations;

and,

4) in its integrated form, it assumes that
coefficients, river cross-section, veloci_ty,

etc., are constant over long reaches of a

river.

2.5.3. Applicability

The available river quality models are more suited for
the detailed examination of a stream response to a given set
of loadings. They require a high degree of input data and

output detailed results. They are not suited for continuous

simulatj-on planning studj-es where the investigator j-s inter-
ested in analyzing effects of a large number of pollution
control strat,egies for a large number of storm events.

A planning type of river quality model has recently
been developed in ttre united states in recognition of this
gap in model technology and is expected to become availabre
from the U.S.E.P.A. in the near future. (1)
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3. IVIETITODOLOGY

3.1. BASIC APPROACH

The five major phases of Stream Ana1ysis, as paraphrased

from velz (18) , that form the structure of the approach used

herein for ríver Quality modelling of the Red. River, are:

1) determine waste l-oadings;

2) define hydrologÍc and climatic factors;

3) develop and calibrate river quality

model;

4') forecast variations in stream loadings

for various pollution abatement strategies;

and,

5) predict impact on river quality of various

pollution abatement strategies for a range

of stream flows.

the water quality parameter chosen for quality evalua-

tion for this work was dissolved oxygen in the River. the

approach can be extended to other water quality indices such

as coliform populatíons.

The various pollution control strategies that were

investigated are combinations of dry weather and wet weather

treatment rates as follows:
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1) Dry Weather Flow

a) no treatment,

b) primary treatment,

c) secondary treatment,

d) advanced treatment;
2) hlet Vleather Flow

a) no treatment,
b) treatment of combined se$rer overflows,
c) treatment of separate sewer overflows;

3) Low Flow Augmentation.

The sensitivity of D.o. levels to river flows was arso

investigated which allows the evaluation of low flow augmen-

tation as a pollutÍon control st,rategy.

The basic approach used is summarized in Figure 10.

The major output was a prediction of the minimum d.issolved

oxygen concentrations in the receiving stream for the various
control strategS_es.

Low flow augmentation involves the control of the

minimum stream flow usually by addition of water from another
source. For the Red River, this could be accomplished through

diversion of water from Lake Manitoba through the Assiniboine
River. ( 21)

rn order to determine the waste loadings from each run-
off event, and to predict the receiving stream response,

rnathematical models riíere employed. The programs used are

summarized in Table 1].
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TABLE J.]..

PROGRÃMS USED IN ANALYSTS

Description Remarks

STORM Storage Treatment Overflow Developed by U.S.
Runoff Moilel Army Corps of

Engineers (7)

LOAD Combines Urban Runoff Developed for this
Loadings and Sewage Treat- Study
menÈ Plant Loadings into
Total- Loading Profile for
Various Pollution Control-
Strategies

RVRQUAL Predicts Minimum Dissolved Developed for this
Oxygen Occurrences in Red Study
River for Wet Wéather Events

Dry Predict.s Minimum Dissolved Developed for this
Weather Oxygen Concentration for Study
Model Continuous Discharge

3.2. STORM INPUT

The input to STORM was developed for both a "typical"
100-acre combined area and separate area. The input is
su¡nmarized on Tables 12 and J-3.

Areas of 100 acres v¡ere used recognizing the results

would have to be pro-rated according to the total combined

area and separate area. This was done to keep the output

numbers small enough to fit in the computer format. The land

use percentages were taken to represent Èhe City-wide average

as taken from a previous report.QZ¡ The runoff coefficients
and depression sÈorage are typical values and were those

developed in the previous calibratiron.(22) rn. low street



A. Area 100 acres

Depression Storage = 0.08 inches

Land Use and Pollutants
hlashoff Decay Coefficient = 4.6

Gutter
Length

Fraction /AcrePercent Impervious Feet

B.

TABLE L2.

COMBINED SEWER AREA STORM INPUT DATA

Runoff coefficients - pervious Area =
Impervious Area

SingIe
MuItiple
Commercial
Industrial
Open

C. Street Cleaning Frequency 5 days Efficiency -
D. Dry VfeaÈher Flow 0.25 MGD Treatment Rate

Suspended Solids 300 mgllitre
B.o.D. 240 mg/Iirre

E. Base System Storage = 0.03 inches

F. Daily Evaporation Rate = O.O4 inches/day

55.0 35.0
5.0 60. 0

15.0 80.0
10.0 s0.0
15.0 10.0

0.20 inches
= 0.90 inches

Dust/Dirt
Accum. Rts.
Ibsl100ftzday

300

430

100

60

20

2.25
6. 90

9.90
13. 80

4. 50

Pollutant Percent of
Dust/Dirt

s.s. B.O.p.

80 15

80 15

80 15

80 Is
80 15

0 .20

= 2.6 x DI.IF = 0.652 MGD (.0I inrlhour)

I
È
æ
I



A. Area 100 acres Runoff coefficients
Depression Storage = 0.08 inches

B. Land Use and Pollutants
$fashoff Decay Coefficient = 4.6

Fraction
Percent Impervious

TABLE 13.

SEPARATE SEI{ER AREA STORM INPUT DATA

Single 55.0
Multip1e 5.0
Commercial 15.0
Industrial 10.0
Open 15.0

C. Street Cleaning Frequency -
D. Dry !{eather Flow (not used -
E. Base System Storage = 0.00 inches

F. Daily Evaporation Rate = 0.04 inches/day

Pervious Area =
fmpervious Area

35.0 300

60.0 430

80.0 100

50.0 60

10.0 20

Gutter
Length
/lcre
Feet

0.20 inches
= 0.90 inches

Dust/Dirt
Accum. Rts.
tbs/100ft/day

14 days Efficiency 0.50

separate area)

2.25
6.90
9.90

13. 70

4. 50

Pollutant Percent of
Dust/Dirt

S. S.

70

70

70

70

70

B. O. D.

0. 50

0. 36

0.77
0. 30

0. s0

I
È
r.o
I
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svreeping efficiency of (_0.20). for the combined area is due to
the deposition in combined sewers which is not affected by

sweeping.

The pollutant accumuLation data, street sweeping data

for the combined area were taken from the same report.Q2) The

importance of using calibrated figures is borne out by the

fact that the accumulation rates are approximately three times

and the porlutant fractions are about thirty to eighty times

the values reconmended in the STORM *rrrrr.1. (7)

For the combined area the smal1 storage parameter (0.03

inches) used as a base was also from Lhe previous calibratton.Qz)
Çonceptually' it represents the storage available in the sewer

system from average to peak dry weather flow.

For the separate area, the input data for pollutant
accumulation was initially taken from the users ¡nanuaI. (7)

However, except for B.O.DS, the accumulat,ion rates ri¡ere

adjusted sharply upward so that the pollutant concentrations
in the overflow approximated literature figures and City
measurements.

Another input to sroRM is hourly rainfall records which

\^rere obtained from the monthly summaries for the summer months

of 1977 obtained from the Atmospheric Environment service.

3.2.2. Calibration

STORM is a widely used and completely tested model. As

such, there are many references on the sensitivity and cali-
bration of the moder.(2) (3) (23) For this study calibration was

effected by comparing the average results in terms of overflow
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B.O.D.5 concentrations $¡ith measurements from the lj-terature
and in Vtinnipeg.

3.3. STREAM LOADINGS

Vühile STORM can be used to develop pollutional loadings

from combined and separate se\^¡er overf lows, it does not. gi-ve

a complete picture of the stream loadings. ft does not

consider treatment effluents and by-passes. Tn order t,o
calculate total stream loadings during events, a computer

program called '!LOAD" was used.

3. 3.1. Basic Description

LOAD was developed in order to combine the result,s of
STORM with treatment plant effluents and by-passes as shown

in Figure 11. The basic steps taken by the program are listed
below.

1) The STORM results for quantity, quality, and

duration are read for each event and manipu-

lated according to the relative area of

combined and separate sewers, since the

results of STORM lrrere on a per 100 acre basis;

2') The quality results are multiplied by factors

KSnp and Kggun, where calculated externally
âSt
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KSnp-KL"*K2"

KCOirtA - Kl *K2"
where,

Kì = ratio of B.O.D. ultimate to
B.O,D.tr (1.5 for B.O.D, reaction
rate cdnstant = 0.23) ¡

R z = 
5åå:'ii3"35'iT:å";å3;"iiHï'?"lo
lat,er use in evaluating effects
of poJ-lutant removal on River
Quality;

s, c = superscripts for separate and
combined respectively"

3) For each treatment plant specified, the flow,
by-pass and quality characterisLics are read.

This data was available on a daily basis.
The program calculates the load per event as

follows;

*î 'i ] L/24

where,

L = total load during the event, pounds;

n = number of treatment plants;

F - flow rate - IvIGD;

FB = by-pass flow rate - MGD;

Kl = ultimate B.O.D. concentration in
final effluent, mg/L¡

R2 = ultimate B.O.D. concentration in
by-pass flow;

t = duration of event - hours;

A = unit conversion = 10 Lbs/mg/I.MGD.

ntr,= A ; l*1 .. +
tLl-l_=_L \
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4) The stream loadings resulting are printed

for each event al-ong with a srunmAry of the

relative contribution from each source.

once the data was input to LOAD, the 'K' factors were

changed to develop a new set of st,ream loadings for a different
pollution strategy. For example, for existing conditions there
is no treatment of combined sewer overflows and x! would equal
1- To model stream loadings for 60Z removal of pollution from
combined setser overf low" *; would be revised to 0.4.

3.3.2. InpuÈ Data

The results from STORI{ discussed in the previous section
are a major input to LOAD. The second major input is the

records of pIant. flow and performance. These were obtained
from the city of vtinnipeg, Irlaterworks, !{taste and Disposar

Division who operate three plants, the North End, south End,

and vüest End vtater Pollution control centres. The data

obtained rnrere daily flow rates, infruent and effluent B.o.D.5
for the summer months of 1977. The annual averages for these
plants are shown in Table 14.

The operating staff indicated that there is no by-passing
of sewage at the south End and west End plants, since Èhe flows
do not exceed the capacity. These plants serve separate

sewered areas. At the North End plant by-passing of the
primary clarifiers occurs at LOo MGD, and by-passing of secon-

dary treatment occurs at 60 MGD. The frequency of by-passing

is unknown since there is no metering facility on the raw sewage
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pumps. The final effluent B.o.Ds is measured in the outfall
downstream of this by-passing, and therefore by-pass effects
are included.

TABLE ]4.
AVERÃGE OPERATING DATA - Tg77

SEI,üAGE TREAT¡4ENT PLANTS

D3ily Average B.O.D. (ng/T.)Plant Type 
'!ow-- 

r4cD - Raw Final Effluent
North End Step Aeration Sg.7 2g4 46

South End pure Oxygen g.9 2g3 39

!íest End Extended Aerat.ion
Aerated Lagoons
Facultative S.5 171 54Lagoons

3.3.3. LOAD program ListÍng

Appendix 2 includes a listing of the program.

3.4. RT\¡ER QUALITY MODEL - VüET WEATHER

The rsToRM' program gave the B.o.D. washoff for both
combined and separate sewered areas. This was combined with
the treatment prant effruents in 'LOAD' to develop the total
wet weather 1oading for each event.

ïn the river quality model ('nvnggg¡,¡ initial condi_
tions virere based upon comprete mixing of effluents over a
reach of the River. The streeter-phelps formulation was then
used t.o account for B.O.D. and Dissolved Oxygen (O.O.) changes.

3.4.1-. Basic Description

The River euality Model developed specificalry for this
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study can be divided into two major sectionsi (1) Hyd.rodyna_
mics ('mixing model) , and (2) rinetics (B.o.D. -D.o. interaction
model) .

3.4.1.L. Hydrodynamics

The basic hydrodynamic model is shown in Figure L2. The
basic process in the model is described. as follows. The wet
weather loads in terms of quantity and guality are assumed to
enter uniformly arong a reach of the Red Ri-ver. The length
of the reach is twenty miles, roughly being the length of the
River through the major discharge points in the city. The
pollutant initiar concentration is calculated as follows:

La = Þ:O.P.r. + B.O.D.U VRiver

where,

La = initial ultimate B.o.D. concentration inthe River after mixing;
B.o.D.L= ultimate B.o.D, loading Èhis event from ,LOAD,;

B'o.þ.--= urtimate B.o.D. concentration in the upstreamu base flow;
tRiara, = volume of water in river reach before the- runoff event as calculated from rivei 

"ïãr""-tion this event and cross_section; ana,
VRunoff = volume of runoff this event from ,LOAD,.

The model included several intrinsic assumptions as
discussed below:

1) Ttre River "sËands stilr" whire the L.AD

is added. The assumption should lead to
very small errors since the River velocity
is very small, typically less than 0.3
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miles per hour (.S feet per second).

Storm durations are normally less than 6

hours. The velocity is slow since the

elevation is controlled for navigation
purposes during the srunmer months.

The model assumes that all the LOAD is
completely mixed along the length and

width of the River reach. The multipli-
city of outfalls along the reach support

this assumption. In practice there will
be variations from the mean B.O.D.

concentrat.ion as calculated in the model.

The model does not consider the effects
of continuous discharges. The model

assumes that the ILOAD' comes in during

the storm duration and stops. This Ís
an important assumption in terms of large

continuous dry weather flows such as from

the North End Water Pollution Control

Centre. The dry weather flow is handled

by a separate model (see Section 3.5.).

Plug flow is assumed downstream. The

effects of longitudinal dispersion and

mixing are ignored. This assumption is
supported by the length of the reach

involved.. Longintudinal dispersion may

3)

4)
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be significant at the fringes on1y.

The velocity of the river is so slow, and the length of
reach affected by any given event is so long, that overlapping
of events was also considered. An adjustment was made when a

second TLOADT is added to the reach by another event,

affecting the same slug of water. The 'LOAD' for the second

event was increased according to the B.o.D. remaining in the

reach from the first evenL.

3. 4.I.2. Model Kinetics

The basics used for the model kinetics was the
streeter-Phelps equation. This approach was chosen for its
simplicity which is consistent with the limited data available
on the Ríver.

The basic equations used in the model were:

t) D.o.D. - KI La 
f. "-*rt - .-K2t I * o. "-k2t ;

K2-Kt \ J

2') tcrir = _1= n lV ( 1_ (Kz-Kf)pa ,l*2-*1 
L *r Kl La ')l

3) D.o.D., tcrir = Li,Kt , .-(K1) (tcrit)) 
;

4) D'o'turn = o'o'so, D' o' DEF. tcrit i

5) *1,, = K!,zO e, (r-zO) 
-
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6)K^w¿,T o2,zo erg-zo) '

7) D.o.sAT = L4.652 - 0.41022t + 0.0079910 T2

O.0O0O 77774 T3 ì

where,

D.O.SAT = Dissolved Oxygen Concentration - at
SaÈuration (mg/L) i

D.O.DEF = Dissolved Oxygen Deficit (mg/L) ¡

D.O.¡¿t* = Minimum Dissolved Oxygen (mg/L) ¡

Da = Initial Dissolved Oxygen Deficit (mg/L) ¡

Kl = Deoxygenation Rate Constant (a.y-I);
K2 = Reaeration Rate Constant (A.y-l);
L. = iËiiïl 

ultimate B'o'D' concentration,

T = Temperature (oC);

t = Time (days) ;

tcrit = Time of critical (maximum) deficit;
01 = Deoxygenation Rate Constant - Temperaturei

êZ = Reaeration Rate Constant - Temperature.

Using these relationshÍps, the model calculated the
minimum dissolved oxygen from each wet-weather event. These

were then placed in numerical order so that a percent exceeded

graph such as shown in Figure 13 could be drawn.

3.4.2. Input to River Quality Model

The inputs to RVRQUAï, included:

1) results of ILOAD' program;
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2) physical properties of the ri_veri and,

3) biochemical properties of Ëhe river;
as summarized in Table 15.

TABLE 15.

INPUT TO RIVER QUALITy IVIoDEL

1. þOAD" Results for each event

. date, hour, duration

. total volume

. total B.O.D.U loading

2.

a) General
. length of reach
. elevation versus surface width

b) Per event
. flow
. elevation of water surface
. temperature

3. Biochemical Characteristics
. upstream B.O.D.
. upstream D.O. deficit
. deoxygenation rate constant
. reaeration rate constant
. temperature coefficient

3. 4. 3. Sensitivity and Calibration

For the river guality model, sensi-tivity was tested for
the following parameters :
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1) B.O.D. of upstream baseflow;

2') D.O. deficit of upstream baseflow;

3) deoxygenation rate constanti and,

4') reaeration rate constant.

caribration data was taken from a Lg77 dissorved oxygen

monitoring program undertaken by the city of winnipeg on the
Red River. (8)

Specifically the measurements at Site No. I0, which is
located approximately five river miles north of the perimeter
and fifteen river miles downstream of the centroid of
winnipeg were used. This site had the lowest average D.o.
concentration of all sites tested. The site was also in the
a-rea where 'the model predicted the lowest concentration to
occur.

verification of the model was not undertaken in this
study.

3.4.4. RVRQUAL program Listing

A listing of the RVRQUAL program is contained in
Appendix 3.

3. 5. DRY !{EATHER FLOW MODEL

The wet weather river quatity model described in the
previous section was not considered to adequately describe the
effects of continuous discharges. This resulted from the fact
that the dry weather flow regime (continuous discharge) was

significant,ly different from the wet weather frow regime
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(.intermittent discharge) . Although the major effort of the

study was placed on wet-weather flows, a study of continuous

discharges was necessary to clarify the effects of pollution
abatement strategies such as no dry weather flow treatment.

3. 5.1. Basic Descriptj-on

3.5.1.1. Hydrodynamics

During dry weather, continuous discharges in tlinnipeg

occur at the three main plants as shown in Tab1e :-'4. From a

pollution point of view Èhe North End Plant, is the most

significant. The other plants are so far upstream that their
effects were minimal and could be ignored for an init,ial
planning 1evel overview study.

The basic hydrodynamic model is shown on Figure 14.

The model assumed complete mixing as follows:

1) La = B'o'D.n Qn + B.o.D.p Qp ; and,
QR+Qp

2) Da = DanQn + DapQp 
ì

Qn*Qp

where,

B'o'D' R'B'o'D'p = Hi;åi"ffi"T;3"R'J:";:::lå:i:"'"
plant effluent respectively (ng/I) ¡

Ða = initial dissolved oxygen deficit (mg/L);

La = initial completely mixed ultimate B.O.D.
concentration (mg/L) ; and,

= upstream flow in River (tt3/sl and discharge
rate from treatment plant (ft3/s) respec-
tively.

QR,QP
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3.5.1.2. Model Kinetics

The kinetic formulation of the dry weather model was

identifical to the wet weather model described earlier.

3.5.2. Input Data

Table 16. shows the input data required for the dry
weather flow model.

3.5.3. program Listing

the dry weather frow model was progranmed on a Texas
ïnstrument rr 58 programmable calculator. The program Record
and Coding form is included in Appendix 4.

TABLE 16.

DRY WEATHER FLOid MODEL - INPUT DATA

1. River Data

a) Phvsical
. flow in river
. temperature

b) Biochemical
. deoxygenation rate constant
. reaeration rate constant
. temperature correction coefficients
. upstream ultimate B.O.D.
. upstream ultimate D.O. deficit

2. Treatment plant Ðata
. treatment plant flow
. ultimate B.O.D. of effluent
. D.O. deficit of effluent,
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4. PRESENTATION OF RESULTS

4 . 1. URBAN RTJNOFF - STOR¡4

The results of the STORM Model runs are summarized for
combined and separate areas in Table 17 for both B.O.D.' and

S.S. Table 18 shows the breakdown of runoff and B.O.D.5

loadings on a per event basis. A sample run of STORM is
included in Appendix 1.

4.2. STREAM LOADINGS ILOADI

4.2.1. Existing Conditions

The results of the LOAD run for the existing conditions

by event are shown in Table 19. A sample run is included in
Appendix 2.

4.2.2. Results of Various Pollution
Abatement Strategies

The effects of various pollutant control strategies on

the B.O.D. loading to the stream, as summarized from the LOAD

program results for presentation purposes, are shown in Table

20. The total annual- ultimat,e B.O.D. load to the receivi-ng

stream during wet weather varied from 4.3 to 10.9 million
pounds depending on the degree of treatment for each pollution
abatement strategy. The results were also calculated on a
per event basis for input to the river quality mcdel. (See



ïtem

Quantity

1. Precipitation - inches

2. Surface Runoff - inches

3. Dry Weather Flow - inches

4. Overflow to Stream - inches

TABLE 17.

STORAGE TREATMENT OVERFLO!ü RI]NOFF MODEL RESULTS
AVERAGE ANNUAL STATTSTICS

Qualíty

5. Total Pounds

6. Total Pounds

7. Concentration

Combined Sewered Area

24.44

9.94

1.90

7. 30

Washof f ( lbs,/acre)

Overf low ( lbsr/acre)

(mg/L)

B.O. D.

367

180

109

Separate Sewered Area

s.s.
937

647

391

24.44

9.94

0. 00

9.94

B.O. p.

93

93

4L

S. S.

789

789

350

I
or
æ
I



Event

I
2
3
4
5
6
7
I
9

10
11
L2
13
I4
15
16
T7
18
19
20
2L
22
23
24
25
26
27
2B
29
30
31
32

Year

j-977
].977
L977
L977
1977
l977
]-977
L977
L977
j-977
1977
r977
L977
L977
L977
l-977
L977
]-977
L977
1977
J-977
]-977
j-977
L977
L977
L977
L977
]-977
I977
L977
L977
r977

Month

5
5
5
5
5
5
5
5
6
6
6
6
7
7
7
7
7
I
I
I
B

B

I
I
9
9
9
9
9
9

TO
10

STORM

Day

4
5

14
18
26
28
28
29
IO
13
L7
30

2
5

13
30
30

2
4
6
I

25
29
31

3
5
I

24
24
25
T7
30

¿dDIis I-(J a

RESULTS BY EVENT

Runoff
Inches

Separate

0.95
0.2I
0. 15
0.49
0 .67
0.09
0 .27
0.08
0.22
0.40
0. sl
0.13
0.16
0.07
0.74
0. 11
0.09
0.05
0.14
0.24
0.09
0.14
0 .32
0.14
0.35
0. 25
I. 11
0 .46
0.08
0. J_3

0. 11
o.25

Combined

0. B8
0.14
0.09
0. 41
0 .62
0.05
0.23
0.01
0.16
0.28
0.43
0.08
0. 10
0 .02
0.64
0.06
0.04
0.01
0.08
0.18
0.04
0.14
0.26
0.05
0. 30
0.18
0.99
0. 36
0.03
0.06
0.05
0.18

B.O.D.5 Loadings /IO0 Acres
Combined Separate
Pounds pounds

2078.00
91.00

379.00
989.00

1086.00
92.00

222.00
17.00

805.00

763.00
6.00

101. 0 0
604.00
478.00
27.00

r27.00
20.00

253.00
239.00
359.00
163.00
198.00

70.00
119 2. 00

86.00
47.00
35. 00

110.00
22I.00
76.00

382.00
s15.00
85.00

756.00
65.00

380.00
412.00
26.00
43.00

188.00
757.00

520.00
707.00
39 7. 0o
334. 00
102.00

166 3. 00
466.00
162.00
46.00

297.00
466.00
148.00

11Ì7. 00
958.00
120.00

1067.00
206.00
767.00
905. 00

43. 00
69.00

428.00
1296.00

I
oì
\o
I
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Pollution
Control

Strat,egv

(i) Effects of D.W.F. Treatment During Events (Fig.4)
Status Quo
Primary
No Treatment
Tertiary

(ii¡ Effects
Status Quo
252 C.S.O.
508 C.S.O.

752 C.S.O.

503 w.w. F.

TABLE 20.

STREAM LOADINGS

(frfet lrteather)

B.O.D. RemovalPercent

D. W. F.

722

308

03

90s

of !V.Vg. F.

722

722

722

722

722

c. s. o.

OB

0s

OB

0?

Treatment

OB

252

508

752

508

S.R. Run

OE

03

OE

OE

During

0?

08

08

03

03

Tota1 Load
106-Lbs -

002

003

004

010

Events

002

00s

006

007

008

9 .62
10. 34

10. 85

9 .32

(Fig. s)

9 .62
7 .86
6. 10

4.34

5.0s

a
Combined

I
Separate

73

68

65

76

E Treatment
Plants

22

20

19

23

73

67

s8

4L

70

5

L2

16

2

22

27

35

49

2T

5

6

I
11

I
\t
ts
I
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Appendix 2 for sample results.)

4.3. RrvER QUALTTy MODEL RESULTS

All the model results are based on 1977 precipitation
records with a total of 32 overflow events. The detailed
printouts for each "run" (as referred to by a number in the

text) are included in Appendix 5.

4. 3. l-. Sensitivity Analysis

4.3.1.1. Sensitivity to Baseflow Conditions

The sensitivity of the model to upstream baseflow

quality (B.O.D.U, D.O. ) is shown in Figure 15. When the

initial D.O. deficit r¡iras increased form O.0 mg/L Eo I.0 mg/L,

the minimum D.o. at the criticar time \47ere about 0.3 mg/L less

for each event. When the initial B.O.D.U was increased from

7.0 mg/L to 2.0 mg/L, the initial ful1y mixed La is also

increased almost 1.0 mg/L and the minimum D.O. are about 0.3

mgfi, less.

4.3.I.2. Sensitivity to Deoxygenation
Rate Constant

The sensitivity of ttre model to variation in the deoxy-

genation rate constant (Kl) is shown in Table 2I. and Figure

16.
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TABLE 2I.
SENSITIVITY TO DEOXYGENATTON COEFFTCTENT

No. of Events
Vüith D.O. Less ThanRun KI 5.0 4.0

002 .23 5 3

007 .t7
008 .351

when K, was d.ecreased from 0.23 d"y-I to o.r7 day the
minimum D.o. increased from 0.4 mg/L per event to r.0 mg/L
per event' and the number of violations of D.o. equal 5.0 mg/
L dropped from 5 Èo 3. lrrhen K, was increased from o.z3 dry-1
t'o 0.351 d"y-l the minimum D.o. dropped and the number of vio-
lations of D.o. equar 5.0 mg/L increased from 5 to L2.

4.3.1.3. sensitivity to Reaeration Rate constant
The sensitivity to variations in the reaeration rate

constant ís shown in Table 22 and. Figure 17.

TABLE 22.
SENSTTTVTTY TO REAERATTON COEFFTCIENT

No. of Violations
of D.O. LevelRun *2 5.0 mgÃ. 4.0 mg/r

oo2.;5¡
003 .17s 15 12
004 .26 t2 5

00s .44 3 I
vgith the variations in K, shown the number of events

with violations of a 5.0 mg/'L D.o. criteria ranged from 3 to
15 of the 32 events.
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4.3.2. Calibration

The results of the final caribration run are shown in
Figure 18. The predicted minimum dissolved oxygen concentra-

tion is plotted on a graph showing the measured results.

4. 3. 3. Pollution Abatement Strategies

The results of the wet weather river quarity model runs

are summarized in Table 23. for:
1) effects of dry weather flow treatment.

s trategies ;

2) effects of wet rveather flow treatment

strategíes; and,

3) effects of low river flows.

4.3.3.1. Effects of Dry Weather Flow
Treatment

The effect,s of dry weather flow treatment strategies,
predicted by the model, are shown in Figure 19.

4.3.3.2. Ef fects of !{et. Vteather Flow
Treatment

The results of the investigation of effects of wet

weather flow treatmenÈ on dissolved o>rygen Ievels is shown on

Fj-gure 20.

4.3.3.3. Effects of Low River Flows

The model for existing conditions was re-run with one-

harf of the measured River flows and the results are shown in
Figure 21.
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Purpose

RT\TER
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(i) Effects of D.!Í.F. TreaÈment During Events
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No Treafient 08

Tertsiar¡r 90S
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Ë i i E g3Ë
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I

(ií) Effects of W.W.F. Treatment During Events

TABLE

TY MODEL

LOAD I

5.9Érd.Fl tJ

Ë#
o\o o\o

Statw Qr:o

258 C.S.O.
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OE OE

0E 08

08 0å

0E 08
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RESULTS

002
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722
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722
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10.85

9.32
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þ
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(iii) Effects of Low River F1ows

08 0r 002
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508 08 008
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Flq¡rs

IVET WEATHER
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4.4. DRY !{EATHER FLOW MODEL RESULTS

The results of the dry weather flow model analysis are
shown ín Table 24. The results for existing conditions are
that D.o. levels should be greater than s.0 mg/ during dry
weather.

TABLE 24.

DRY WEATHER FLOW MODEL RESULTS

Minimum D.O.
]977condirion -å-*Dl't Mav June Julv Aus. sepr. Avs.

Exisring crrdi; t* 7.og 6.67 5.96 6.24 7.77 6.7s
PrimarlzTreatnentorly 3oB 2.rg 2.og 1.30 !.!2 3.21 1.9g
No Treatment 0g O. O0 O. O0 O. O0 0. O0 O.4O O. OB
Adi¡anced Treatnent goeo 7 .47 z. rg 6.7 3 7 .62 g.77 7. 55
one Half Rirær Flcn¡s BoE 5.93 5.40 4.45 4.07 6.06 5.lB
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5. DISCUSSTON OE'RESULTS

5.1. STREAM LOADTNGS

The determínation of the stream loadings provided the

base data for assessment of the impact of 'these loadings on

the receiving stream. The existing stream loadings are dis-
cussed as well as the revised stream loadings for various

pollution control strategies.

5.1.1. Existing Stream Loadings

The STORM results for existing condítions, from Table

17 , are compared to figures from the literature, and from

actual measurements in Tab1e 25 , in terms of pollutant concen-

trations. These concentrations are the major output of STORII

and are often reported in the literature because they are

easily measured in the field.

The results are in general agreement with the reported

val-ues. This type of correlation is easily achieved by

adjusting the pollutant accumulation rates in STORM. The

result for B.O.D.5 concentration for separate storm seÌ^rers

(4I mg/ r"\ is much higher than the reported values (20 mgþ¡ .

This results from the STORM algorithm which assumes that the

B.O.D.5 load includes 108 of the suspended solids load.

This could be overcome in future work by either adjusting the



A. Combined Sewer Overflows

Suspended Solids Conc. (ng/Ll

B. o. D. s 6g/Ll
B.O. D. 5 (Ibs/acre/yeax)

Separate Storm Sewer
Discharge

Suspended Solids Conc. (mg/I")

B . o. D. 5 @g/L')

B.O. D. 5 (lbs/acre/year)

TABLE 25.

COMPARISON OF STORM RESULTS WITH

REPORTED VALUES

B.

STORM Results

391

109

180

Literature

370

11s

I37

350

41

93

Measurements
in Winnipeg

120 720

14 191

41s

20

31

578

L2

I
@
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program or by multiplying the results by a reduction factor.
As discussed later, the separate storm runoff B.o.D. loading
is minor when compared to combined sewer overflow load.ings
under most conditions. Therefore the use of the higher figure
does not affect the results to a great extent.

The results in terms of pounds per acre per year com-

puted for Ítinnipeg are consj-derably higher than the literature
figures show taken from a large u.s. study of z4g urbanized
areas.Q4) The reason tor this descrepancy is that the u.s.
study included undeveloped lands (462) in the calculations.
The literature figures wourd be signÍficantly higher had the
undeveloped land been excluded

rt is noted that the B.o.Du loadings from separate
sewered areas is one-half of that. from combined storm sewered

areas for similar land uses. This indicates that sewer

separation cannot achieve any more than a soa reduction in
B.o.D5 loadings. The high cost of sewer separation is recog-
nized as generally not justifiable for the limited benefit
obtained, and other methods such as storage and treatment are
more economi-cat. ( 221 (24)

The comparison above is for annuaL averages. The river
quality analysis reguired the information for each event. STORM

provided this (Tab1e lB). The average concentration of pollu_
tants varies for each event and during each event according to
the sroRM representation of the real system as shown in
Appendix 1.

For the event of June 12, 1977 the hourry combined sewer
overflow B.o.D.5 concentration results varied from 46 mg/L to
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205 mg/L during the 12 hour period. This variation is arso
consistent with reporÈed variations. This is evidence that
SIORM not only gives reasonable results for the annual averages,
but in addition gives a reasonable distribution of loading
results for each runoff event. This is reguired for an

accurate assessment. of each event on river quality.
Figure 22 shows graphically the contributj-ons of B.o.D.u

loadíngs from urban runoff relative to the B.o.Du loadings from

sewage treatment plant effluents. on an annual basis, the
results indi-cate that urban runoff contributes 33å of the total
load to the receiving stream. This is consistent with an

average of 33? reported for the z4g urbanized areas in the
united states. (1) on this basis, urban runoff loadings are

significant on an annual basis, but noÈ the major component.

However, the urban runoff B.o.Du loadings become much

more significant as shock loadings to the receiving stream

during wet weather shown on Figure 22. rt can be seen that
the urban runoff loading i-s gsz of the loading during wet

weather events. This is especially significant since the
dissolved oxygen resources in the River respond to each event.
not to annual averages.

The large B.o.Du contribution from urban runoff are

widely recognized in the pollution control field as discussed

in the rntroduction. Knowledge of this fact sparked the need

to study their impact on river quatity. These results were

the input dat.a to the river quality modeI.
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5.I.2. Po1lution Abatement Strategies

The resultant modified roadings for the various pollution
contror strategies, e.g. removar of 50å of B.o.D, loading from
combined sewersr âs shown in Table 17 result from direct multi-
plication of Èhe "Existing conditions" data.

The significance of these results is reflected in the
impact of the pollution control strategies on river guality as
discussed in Section 5.2.

' lilhile on paper it is easy to simulate the effects of a

50% removal of B.o.D.5 from a combined sewer, in reality this
is difficurt and expensive to achieve. For example, the
capital cost removal of 50å of B.o.Ds loadings nationwide in

, the u.s. hras estimated to cost grr40o per acre of urbanized
l

area' based on the optimal combination of storage and treatment.Q4)
I A demonstration project is currently being undertaken by the

city of winnipeg to reduce B.o.Ds roadings by 50å in the
clifton combined sewer Relief proj."t. (25) ,,rn-system,,

storage of combined sewer overfLows in the t,runk sev¡ers for
subsequent treatment wilt be used. The capital cost for that
system is estimated to be $340/acre since the storage volume
already exists. At $J-r000/acre the capital cost of removal of
50U of the B.O.D5 loading for !{innipeg would be $40 million
do1lars.

5.2. WET WEATHER RIVER QUALITY MODEL

5.2.1. Sensitivity

The resurts of the sensitivity analysis as presented in
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Section 4.3-1. demonstrate that the model behaves in a logical
and predictabre manner to changes in: (1) upstream baseflow
characteristics (g.O.D.U, D.O.D. ) ; (2) Deoxygenation Rate

Constant (.Kr); and, (3) Reaeration Rate Constant (KZ) .

The model is rerat.ivery non-sensit,ive to changes in the
upstream B-o.D.u or D.o.D. within the normal range of expected
value for these parameters, i.e., B.o.D.u of 0.0, r.0, and 2.0
mg/-L and D.O.D. of 0.0 and t.O mg/L.

The moder is much more sensitive to a range of changes

in Ka and Kr. This is significant since actuar measurements

of these parameters in the Red River are not avairable and

indeed are very difficurt to obtain. Further the litera-
ture indicates that these factors are highly variable and

highly site specific depending on velocity, depthr ênd.

t¡lrbulence. ThÍs is considered to be a weakness in the model

since the sensitivity analysis shows that errors in the
estimate of these variables can lead to significant differences
in the results.

The sensitivity of the moder to the rate constants indi-
cates the need for calibration against. measured data. WithouÈ

this calibration, moder predictions could be significantly
erroneous.

5.2.2. Calibration

Figure 18 shows the comparison between the measured

data and predicted results after the calibration was complete.
Table 26 shows the ínput parameters used in the calibration
run.
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TABLE 26.

INPUT PAR.A,MEIERS CALTBRATION RUN

KI = 0.23

el_ = I.047

KZ = 0.26

e2 = 1' 016

Upstream Base Flor^I

B.O.D.U = 1.0

D.O.D. = 1.0

The following can be observed from Fi_gure 1g :

1) both the measured data and the moder showed

a wide variation in dissolved oxygen values,
i.e., not steady state;

2) both the data and the model showed an

approximately equal range of dissolved oxygen

values;

3) the actual and modelled values showed many

violations of a D.O. level of 5 mg/t ¡

4') for actual data not all effects seemed to be

related to precipitation;

5) the correlation between the dissolved oxygen

predicted by the model and those measured

in situ was poor. T\,üo factors contributed
to this descrepancy;

a) the measured data was not taken at
the proper location and. time to be
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used for this purpose, and

b) the model was an oversimplification
of the processes involved and there-
fore dÍscrepancies are predictable

even if the measured data was more

suitable.

Nevertheless, the caribrated model did pred.ict the same

kind of range and variability of minimum dissolved oxygen

levels as \Á¡as actually observed. rt is important that both
the model and the measured dat.a did show violations of a

minímum D.o. criteria of 5 *g/1,. These observations lead to
the conclusion that the river quality model is suitable to
give a planning level overview of D.o. water quality impacts

of wet weather overflows. rn order to use the model for design
of pollution control works, more development would be required.

IÈ is also noted that the final values of K, = 0.23 and

Kz = 0.26 are within the usual range of values reported in the
literature for a rarge srow moving Ríver. (19) (20) This
indicates that the basic Streeter-Phelps model is a satisfactory
representation of the real phenomena. Data from the city of
winnipeg(8) indicates that a val-ue of the B.o.D.u of r.0 mg/L

and D.o.D. of r mg/L are indicative of actual upstream base-
flow conditions.

5.2.3. Existing River hlater euality
Typical criteria for minimum dissolved

ù,ion for rivers is 4 to 5 mg/L. In Manitoba,

!{ater Quality ob ject,iv"", (10) 
an ob jective of

oxygen concentra-

the Proposed

a minimum of 35U
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of the saturated D.o. value is indicated for the Red Ri_ver

from "vtinnipeg North Limits to the end of the recovery zone,,.

This corresponds to about 3.0 mg/L for the warmest period.
From the calibration results it can be seen that viola_

tions of a crit,eria of s mg/r' were predicted by the moder and

did occur frequentry in the measured data. viorations of
4 mg/t' were much less frequent but do occur. There ,nrere no

recorded violations of a 3.0 mg/L but three such violations
were predicted by the model.

On the basis of these measured and predicted violations
of reasonable D.o. limits, the river quality status of the
Red River must be considered as "marginal". That. is, the
existing quality ís good enough to pass the regulati_ons but
not good enough to pass criteria levels for higher specj_es of
fish. Any relaxation of existing pollution cont,rol efforts
in the city of vtinnipeg may result in unacceptable dissolved
oxygen l-evels. rt can be seen that the violations $¡ere pre-
dictable and were a result of untreated urban runoff pollutant
loadings.

5.2.4. Impacts of pollution Control Strategies
5.2 .4.I. Ef fects of Dry !{eather

Flow Treatment

The wet weather river quality model predicted that there
would be very rittle change in minimum dissolved oxygen concen-
trations as shown in Figure 19, even if the treatment prants
were shut down. This is in agreemenÈ with the rLoADr results
which showed that the treatment plant load is very small
during storm events. However, it is not possible to conclude
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that treatment of the continuous discharges is not necessary.
The wet weather flow model was a poor representation of the
river regime under continuous flow conditions. rn order to
deal with continuous flow conditions a separate dry weather
flow river quality model was used and the resultsr ês discussed
in section 5.3., indicate that the River euarity would deter-
iorate significantly und.er conditions of no treatment.

5-2-4-2- Effects of wet weather Frow Treatment

The results as shown in Table 23 and Figure 20 show that
the model predicted dramatic improvements in River euality
with increasing t,reatment of wet weather flow. vrith 50a treat_
ment of combined sewer overflows, the number of violations of
D'o' equal 4-0 mg/t' dropped to I from 5 for existing conditions.
The number of violations of 5.0 mg/r dropped. from J_2 to 2.
These results demonst.rate the importance of wet weather
loadings, which was the premise around which this thesis was
developed. Beyond this, the results show the potential bene_
fits of treatment of wet weather flows. The treatment of wet
weather f10ws may provide an avenue to maintain water quality
for future growÈh of the City.

5.2.4.3. Effects of Low River Flows

The effects of row river frows are significant since row
river flows do occur over the life of treatment works and also
1ow flow augmentation is often considered as a pollution
control straËegy . (Zt)

The wet weather River euarity model result,s showed that
the flow in the River has only a minor effect on the minimum
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dissolved oxygen levers as presented in Figure 2l-. This is
contrary to a traditional thinking on the effect of low River
flow since conventionally a higher river flow should result in
more dilut,ion. This is explained by the fact that the dis-
charge of storm runoff occurs in a relatively short period of
time, and therefore, it is the volume of dilution water in the
river reach that is important. rn actual fact, the river
elevation and volume was relativery constant regardless of
flow since the erevation was cont.rolled for navigational
reasons. ïn other word.s, the river behaves more like a reser-
voir.

with the same cross-sectional area, the velocity in the
river is reduced in direct proportion to the flow. Thus with
the same critical time of minimum dissorved oxygen concentra-
tion, the location of the po5-nt of minimum dissolved oxygen

wilr occur closer to the centroid of pollutant d.ischarge.

The minor effect shown in the results was due to
increased "overlapping" of storm load.ings. The effects of
one event had not travelled out of the reach prior to the

occurrence of the next event.

For continuous discharge point sources such as from the
treatment plants, the effects of low river flows are much more

pronounced since the flow, and not volume, provides the dilu-
tion. This is illustrated in Section 5.3.

5.3. DRY WEATHER FLOW MODEL

The d.ry weather flow modet is developed around the

theory for a continuous point source. This dry weather flow
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model is important in this study of pollution control since
it arlows an appraisar of continuous discharges, which cannot

be seen from the wet weather river quality model.

For existing conditions D.o. revels were predicted to
exceed 5.0 mg/L throughout the study period. This is consis-
tent with measurements for dry weather period.s as shown in
Figure 18. However, if the plant was revised to provide only
primary treatment the minimum D.o. revels in the River were

predicted to drop below 2.0 mg/L in the months of July and

August when river temperatures are highest. This effect was

also observed in the early 1960's in winnipeg prior to the
addition of secondary treatment at the North End t{ater poltu-
tion control centres. At that time, fish kilIs and odours

had reached a near crisis lerrel(4). From these results, it
appears that the model is a reasonable representation of the
river response.

with no treatment, the D.o. levels were predict,ed to
drop to zero for four months, which is clearly unacceptable.

Advanced treatment would result in an improved minimum D.o.

from 6.0 to 6.7 for July.
The predicted effects of low river flows that hrere not

significant for wet weather loadings, were more pronounced for
continuous discharges with the July minimum D.o. droppj-ng from

5.9 ^g/rto 4 .5 rcE/¡' for one-half river flows. For August, the

minimum D.o. dropped from 6.2 to 4.r. August is of interest
since the 1977 mean river flow was r24o cfs. one half of that
flow is 620 cfs. This is very close to the lowest weekly
summer flow with a one in ten year recurrence frequency for
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the Red River of 630 "tr.Q6) This is the flow below which
the stream standards (10) wourd not be appried. From the
results, it is significant that the city of lrlinnipeg should
be able to meet the stream standards in terms of dry weather
flows. Reca11 however that the wet weather model predicted
seven violations of 4 mg/L due to the wet weather loads under
the one-half river flow run.
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6. CONCLUSIONS

The folrowing conclusions result from an investigation
in which the sroRM model was used to predict B.o.D. load.ing
input for a Red River quality model developed specificarly for
use in the City of Vüinnipeg.

1) The contribution of wet weather loadings is signi-
ficant on an annual basis. During runoff periods
the runoff contributes g5z of the total loadings.
Treatment plant effluentsn:.combined sewer

overflows, and separate storm sewer discharges
contributed 67eo, ZSZ and g% respectively of
the total ultimate Biochemical Oxygen Demand

loadings of 27 million pounds to the Red River
from the City of t{innipeg in 1977. Combined

se$¡er overflows, separate storm sewers, and

treatment plant effluents contributed 732,

222 | and 5Z respecti.vely of the total ultimate
B.O.D. of 9.6 million pounds during periods of
wet weather.

2) The existing river quality is significantly
affected by wet weather flows which cause

violations of desirable minimum D.O. concen-

trations. The wet weather river quality model
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developed for this study and calibrated to
measured data predicted for twelve viola-
tj-ons of a minimum D.O. of 5 mg/L and four
violations of a minimum D.O. of 4 mg/n in
1977 due to wet weather B.O.D. loading
events. The dry weather river quality model

developed for this study predicted an average

minimum D.O. of 6.8 mg/L during the summer

months due to B.O.D. Ioadings from treatment
plant effluents only.

The need to provide secondary treatment of
continuous discharges in IrTinnipeg is sub-

stantiated. The dry weather flow river
quality model predicted thaÈ the average

mínimum D.O. would drop to 2.0 mg/L with
primary treatment on1y, and to 0.I mg/¡

with no treatment, of continuolts se\¡¡age dis-
charges. The minimum D.O. was predicted to
increase to 7.6 mg/L with advanced treatment.

!{et weather flow treatment has major impacts

on the frequency of violations of dissolved

oxygen limits. The wet weather river quality
model predicted thaÈ the number of violations
of a minimum D.O. of 5 mgll, and 4 mg/L would

drop to;
a) 5 and 3 respectively for 2SZ treatment,

of combined sewer overf lovtrs;

4)
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b) 2 and 1 respectively for 50U treatment
of combined sewer overflows;

c) I and 0 respectively f.or 754 treaÈment

of combined sewer overflows or 5OA

treatment of all wet weather flows.

5) 'Low flow aug:mentation to increase the minimum

flows in the Red River would not have an

effect on the frequency of low D.O. levels
due to wet weather discharges. The wet

weather river quality model predicted that
the ni:mber of violations of a minimum D.O.

of 5 mg/'¡. and 4 mg/L would remain at 5 and 3

with one-half the river flows during 1977.

For the same condition the dry weather flow
model predicted the average minimum D.O.

would drop from 6.8 mg¡f, to 5.2 mg/L due to
continuous discharges from the treatment
plants.
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The following are reconrmendations for further work in
the analysis of river quality at lrli_nnipeg, lr{anitoba.

Model Development

1) The wet weather and dry weather river quality
models used separately in this analysis
should be combined using time as a sequencing

parameter. such a model would be a continuous
simulation moder which could predict frequency
of occurrences of dissolved oxygen levels over
an entire year or many years. The one in ten
year minimum dissolved oxygen leve1 would thus

be determined. rn the rong term as more data

becomes available the model could be expanded

to include oxygen sources and sinks not
included in the streeter-pherps formulation.

Calibration Data

2) The in-stream measurements program for
dissolved oxygen should be impÌement.ed espec_

ia11y for model caribration. sampling locations
and times should be concentrated around the area
and time of predicted minimum dissolved
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oxygen levels. This data could be used more effec_
tivery for caribration than periodic samples at a

single location.

3) Data shourd be collected so that the relative effects
of all oxygen sources and sinks can be better evar-ua-
ted in the stream. This involves in-stream analyses
for K1, K2, nitrification, benthic demand, and

photosynthes j_s.

Coliform Levels

4) gthire B.o.D. levels and minimum dissolved oxygen
concentrations may govern the suitability of the
receiving stream for various species of life, bac_

terial populations (i . e. , coliform l_eveIs) are an

important water quarity parameter for suitability of
the receiving stream in terms of water supply and

recreational uses. This is especially important for
Èhe Red River downstream of lvinnipeg since the River
is a source of drinking water for Selkirk, Manitoba
a community of IO,OOO people. The City of Winnipeg ì

is presently under pressure to disinfect continuous ,

di-scharge sewage effruents for this ,".=or.(27\ The

success of this strategy will be suspect until the
effects of coriforms in urban runoff are understood.

Costs

5) The improvement of river quality through treatment of
wet weather flows is known to be expensive. The

actual costs shourd be better defined in order to
serect the optimum expansion path for improved guarity.
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ÎREATËENT RITE ¡ O.OIOO ¡N/HR,
sloRAGS CÀPACtlI= o.0lo0 lNcHr:s,

TR fTO DY HR 1(O ) RAIN RUÍ{OF DIT' OTÍJI' SUSP

T't 5 ta 2l I 0.05 0.02 0.2 2.7 {l.s 2ö.4 J8.67t-519- f---?-o;TT-T;õT--¡:z---r,;r---z¡;i ii;É - ãi]g-

sl'REAü t uaulu¡;5-¡91. h!:A.¡,rtEH LVt.NTs-clTy 0t.
P(ILLt'I'UGRAPH ANA¡,YSISl.u ct5, u.tr5z M(,u

0.3 AC-t '1. 0. uli I :',t(:

77 52615
77 52ótó

551.1 l l 0
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0.t8

4eJ9.l 2ot'5.J 7b7.1 Z?0.J 27.O

ó t0 tl

o.24 0.09 0.5

u;5---7J-;5_--TIl7-.l-79T:T-e27;7'-t2r.y-If-.r.-- -5360-.f ---õf2..r,-Tr9;9-ï?5:õ- *r{;r_ 
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!! o tJ 4 1 o.09 (r.04 o.¿ q.n ¿4.¿.J hr.9-7? ---6--13--5-- S- ú;q9 ,J.A4 ^ o.Z ,¡.e ZJZ.S ur,.2

.77 t¡ lJ ? lu u.04 rr.u.¿ u.J ¿.1 .tl.¿ JJ.b
7'l rr tJ 12
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I 99.0

$USP SETL

4!9 l0ö.1 t58.2 16.2 2.1

0.5 t3.? t4J7.9(r.5 t.5 5q.7

2t.9 97.6 5.¿l l.l

5J1.5 ?8.J 8.4
JH.8 5.0 1.0

55.1 5.J 1.1
72.8 ó.8 I .2 '

256.5 J8.J 4.4
t J0. (r ¿J.5 2.9

126.8
2524.4

117.0 48.7 72.6 -r.r t.0

549.5 I 93.0

4U.0 |.¿ I.¿
t'4.1 14.9 ¿.O
5b. ¡ 14.4 2.o
/o.l ¿1.6 ¿.1
¿9.t h.5 t.2

I 944.5
¿ô8.9

145.5 219.2
4 t 7.0 22t.4'

1002.5 317.9
5J2.ú 29J.9

?1.9 320.1 lr.r 3.5

z5{.J 195.3
295.I 2JJ.rl
2b5.1 22,t.3
259.rt ¿45.u
?l(i.5 lþ1.õ

87.0 205.9
7?.1' Iû?:7
8{.5 l4 t .8
7 ¿.4 94.5

26.1 2.8
l5.r 3.1

I
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I

7l.l a2.¿
bb.5 61.8
65. tr 54.1
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PAGE 3 5TRLÀ¡,| LoÀDlr{GS-ùrEt l'EAt,Htti t:t,uNt,s-c|l.y or.
P(JLLtJ]'UGR APII AI{ ALYSI.SIRtsATfrENT RÀ18 = o.0lt o lNlHtr, ¡.u ct.s, u.652 rr!:t)

ST0RAGU CÀpAClTy= 0.01u0 tt!cil¡;s, u.3 Ac-r-l, u.0ül nG

TR IIO DT HR 1(O)

,, o ¡, lJ ¡ u.lz 0.0b o.77 6 t7 t4 5 0.uó 0.01 0.5 J.{ t¿s.! 49.J ¿r1.7 9.o]1_ ! ll 16 ? o.os o.o_{ 0.5 t.¡ t t5.z .¿.s 4.t.t ll.51 r- 6 - 11 tr --T----0.-Te--o : f4- *o; 
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IO.2 APPENDIX 2

'.LOAD PRoGRÄM LISTING AND

SAMPLE RUN''



l4-Jan-1979 15i3ói4? VAX-I1 FORTRAN IV-FLIJS Vt.O-?
. LOAn . FftR.33

OOIOO C LOADER FROBRAI.I --COI,IFUIE5 TOTAL FOLLUTANÎ LOATI FER RUNOFF EVENT GIVENOO2OO C COI4FINEN AND SEARATË SEi.'ER LOATIINGS ANTI SE[.IA6E TREATMENT EFFLUENT ANN
ffi ---!T-FF55-ITATA:F;]ftrCEFrtTE:IrEE197E---. --- -

rrlrlcNÞ¡uN LUnõUlrl lvv, tÞBr'õUlr( IUV, tI LUW( l9Url, rltAl¡r( IO0r5)
OOTOO 0OO3 ITIIIENSION BYFASS( 1O0r5) rTRUN(?)
OOEOO 0004 REAL KCOHBTKSEPTFL I0TALTKRAtd(5) rKEFF(5) TFLTRATETKBYFAS(5)o05--- ------tR rTETõ-;T UO)-.
01000 o0oó lOO FoRl'lAT('l'r'ENTRY ilAnE To STREAì! LOAIING PROORAII-TO Cot'tFUTE IJLTOI1OO 1BOTI LOANINB PER RUNÍIFF EVENT')

00400 000t
oo500

vvwt wn¡ tE\ot¡Iv,
OI3OO O0OB ll0 FflRllAT('O'r'FROORAII EEVELOPEI BY F.HACFRIIE-FOR
01400 TDECEHB€R t97A'/////'

-ffiTO_T=r':r--O1ó00 OOlO READ(5r120) (NTIILE(N) rN=l r2O)
01700 0011 120 FORI|AT(20A4)

-

O19OO OO13 130 FORIIAT(2aX¡2OA4//t' 02000 0014 140 CoNTINUE
T5lttlfâtlE-'-trf ÍïEãRAî SEFãFcr'--

O22OO 0016 15O FoRt'lAT(BA4rZFIO.2)
O23OO OOlT URITE(órtó0)NAI,IETCOHBARATSEFARA .-.

DII'IENSION NAl.lE ( I ) r NTITLE ( 2O ) r KDA TE ( lOO ) r KHOUR ( 1O0 ) I ttUR ( I 0O ) r
IRUN-OFF( 2r lOO ) rEFF ( IOOrE) rFNAllE ( 10 rS)

¡ov runtlHt\ - r wHtÈKÞnÈ! Nfints__-- .rëF4r/r.
0?500 1F10.3r
02600 l/' 'I,SEPARâÎE SEUERED AREA= ,rFl0.3)

ffi
o2800
o2900

O3lOO OO2O l70 FORIIâT('1"'EVENI'rgXrlDATE'r18Xr'OVERFLOI,I'rlOXr'RUNOFF,rl3Xr,FOtr
O32OO 15 LOADINOS PER IOOACRES'I

ffi -T9Y'-?TEAF-ñÛRTF- -IJãf --HIttJR-:--:nûR-: ÄrnrN'O34OO 2'COI{EINEn SEPARATE,/JBXT,HOURS, rSXr ,SEFARATE
O35O0 33Xr'COIIFINED,TBXT,POUNFS, ¡6X¡,pOLtNÍtS,//)
vrovv vv¿u
o3700 0022
o3800

- ---õ3ytto--o0zr-- ---
04000 0a24
04100 0025

CREAD TN STORI{ LOAD¡NB NATA
c

04300 OO27 KttY=H0D(KIIATE(K) rlOO)04400 00?8 t¡IRITE(ór 19O)KrKYRrli}IOTKDYTKHOUR(K) rt¡UR(K) rF|.|NOFF(?rK) rlt[5üo--- --.-TRUflUFF(ÍtRT;CUHFI]II(RT;SEFE-O¡(ñ''
04600 OO29 190 FORIIAT( " t13¡ IgrJXrI2rSXrI2rIórF10.2rF11.?r2XrFlO,?¡6XtFtO,Zt
o47OO tFL2,2)

04900 0031 201 CoNÌINUE
o500o oO32 IEVENT=K-I
ö51Õ0-- -' .--T _--
05200 oo33 REAIr(5r2lO)KCOñttrKsEp
05300 0034 2to FORÌ'IAT(2FlO.?)

Fage I

lt.--
A

!U ¿91, t\! I r ¡(JQ
READ(5r 18O )KITATE(K) TKHOUR(K ) r ttUR (K )

lCOÌ1BOD ( K ) r SEPBOD ( K )
- - -' ÎF ffi r'A-ÎFß t ;Er¡;ü õt-tr TO1 -
180 FORIIAT( ?I1OrSF1O.2)

KYR=KttATE ( K ),/10OOO+ltOO

()5500 003ó
o5óoo

l,rsc. c. E. THESTS----

W

-

-TR 
I T ET6;2TSTKCT]ff E;-ñ'sEF---

?15 F-OF¡'IAT(,/ NCtlMfr=, rFl0.?r, NSÊ:F--, rF10.lt)

TRIJNOFF( 1 rK ) TRUNOFF(2rK) r

I
H(,
o
I



L0An$üAIN l4-Jan-1979 l5i3ó:4? UAX-11. FORf RAN IV-Ft...t.,S Vi..O-ll
LOAn. FOR.3:t

O57O0 OO37 REAI¡(5r?2O)NFLANTS

05?00 0039
oóooo 0040

0ó200 0042
0ó300 0043

oó800
oó900

07100 0048
07200 0049

lt0 ?37 K=IrNPLANTS
REAIT( 5r?31 ) (FNAI'lE ( JrK ) r J=l r 10 )

240

o7400
07500 0051

t¡IRITE (ó r ?4O)Kr ( FNAÌ,IE ( JrK ) r J=l r 1O )
FftRl'lAT('l'r'FLANT ITATA'rlOXr'FLANI NO, t1?¡, NAttE, t!OA4/,

07700 0053
07800 0054

I3X I' TIATE' r 5X r' FLO}I-IIIGTI' r SX r' FONS-RA[,'' r 5X r' FOTIS-EFFLUENT'
2 r 5X r 'FY-PASS-LTEI¡' / / >

REAIT ( 5 I 230 ) FLOl.l ( I I K ) r RAll ( I r K ) r EFF ( I r N ) r BYPASS ( I r K )
FORt'lAT ( 4F10.2 )

235
236

08300 0057
08400 0058

FOR}IAT ( '
CONlINUE

08ó00 00óo
o8700

270 FORHAT(3F10r2)
tIRITE ( ór ?75 ) I r KRAl,l ( I ) r KEFF ( I ) r KEYPAS ( I )

nO 280 I-IrNPLANTS

08900 00ó2
09000 00ó3

'¡L4tlEt4F14.2l

KFYPAS='rFlO.2)
28O CONTINUE

o9200
o9300

09500 00ó8

250 FORIIAT ('1'¡'ULTIIIATE FOn LOAIIINGS IN FOUNDS PER EVENT,/,/)-----1tRT1Fî6r260-t-

o9óoo ooó9 300

tdRIïE(ór25O)

ooó5
o0ó6

2óO FORI'iAT(' 'r'EVENT YEAR tl0 [ry HR IIUFATION,TBXT,FUNOFF,
1 'COIIBINED SEPARATE STFL.ANTS. TOTAL RATE ' // )

09800 0071
09900 0072

FãtP ?

ooó8 lIRITE ( 7r 3OO )NAHET IEVENT
OOó9 300 FOR¡|AT(' 'rBA4rIS)

l0lo0 0074
10200 0075

STOTAL=O
PLTOTâL=O

10400
10500

TRUN ( 1 ).O
TRUN(2)=0

10700 0080
10800 0081

--10yu0---00tl2 - -- -^'
11000 c
,, 1 100 0083

CRATE=NCOtlBf COIIEARA./ I 00. *COt{FOn ( I )
TFUN( 1 )=TRUN( 1 )*RUNOFF( I r I )

VOLLIH=V0LUIItSEFARAilRUN0FF ( 2 t I ) / t?, *43i6e,
TRUN( ? )=TRUN( 3 ) +RUNOFF ( 2' I )

SiRATE=KSEFTSEPARA/lOO.r(SiEFF0tr( I )
5T0TAL=ST0TAL +SRATE
FLTRATE=U'-

TIO 41O K= 1 I NFLANTS

I
H
UJ
H
I



1r300
11400 0085
11500 008ó

L1700 008s
11800 0089

12000 0091
12100 0092

12300 c
l24OO OO94 URITE (6r 420) I TKYRTKIIOTKDY r|(HOUR(- --r?sOU--. -" 

---TSRATETFETmTE TmTE -- .--'-.

LOAN. FOR.3:T

IÍEFF ( I r K ) ll0. *KRYFAS ( K ) tRAt, ( I r K ) ITEyFASS ( I r K ) * tO.
VOLUI{=VOLU}|4FLOI., ( I r K ) *trUR ( I ),/?4 . * r OO OOOOO, / 6?, 4

410 CONTINUE

12600 0095
12700 0096

L29OO OO98 42S FORI|AT(, ,r3IlOrSFlS.2)
13000 0099 400 C0NTINUE

PLTOTAL-PLTOTAL+PLTRâTE
TRATE=CRATE+SRATE+FLTRAlE

13200 0101
13300

KYR=KDATE ( I ) /lOOOO+t9OO
Kl'|0=l'l0[t ( KITATE ( I ),zlOO r IOO )

42O FORIIAT('' rSISr1F1O.2r5Ft5.O)
TnUR=TDUR+nUR ( I )

13800
13900 0103

430 FORÌ'IAT('l'r'QUANTITY SUl.ltfARy-NO OF EVENTS,l'ÏOTAL DURATION' tF7O.2¡/,,r1óXr,COttFINEIr

tIRITE ( 6 I 440 ) IEVENT I CTOTAL r CToTAL/IEVENT r CTOTAL,¿GTOTALtTt 00 II STOTALTSTOTAL/IEVENTTST0TAL/GTOTALITIOOr
-TLTIITALi FLT0TAL/IEVEñT rFt-tUt-Al.,,'ET0TALT f OOt3 GTOTAL

440 FORI,IAT('l'r'aUALITY SUtlltARy-No OF EvENTs, ttt}/, 't¡¡o^r rurHL LUH!' rlu^t'Étvt.. t-.LH F-VENT, 
'IIUX;.FE2/'' t'COIIBINED' tlF2O,Q/,,r,SEFARATE, t3F?e,O/

I ) r tll-lR ( I ) rVOt-Ui,lr CRATE r

--.-TFÍ]ERãF-SEETIT'NS-'---

Nane

0 tcotrE
I $F'NATA
?" *L0ct11-

tIlO/' 't!6X¡
RUN0FF'rF9.?r

Acld¡esr, fupe Nðfte

Fctes

2235
I ?55

I;t?96 ''

Al,t r i turteE

FTC CON REL I..CL SHR EXE RrJ NOI,'RT LONGFIC C0N REL t_Ct- sìHR N0tixE: Írtr N{.,r,,tR1 L0NG
F IC CllN RHt-. t_nl. N()$HR Nctr:txrr: tìü UtT.r t.0Nfì

I
H
(¡)
N)
I



TRY rrÀ¡)r: tu s'tkLAfil LilAtrlN(; pR{t( kAtrr-¡.1 (:r.[.ìr,t,.t]: ut,l rJUt, t,ilAulþ(; ptjR RuNot.¡ r:v!,N.1,

tt(,;RA14 lrUVELUPt.tr Br 8.¡{^(;rJtilrr}:-¡rrr. ¡St.i.rr.;äff]lllllul}-iut., ryi,u

IERSI|ED tltñE--- rlrti¡pEG ilANITOBA
üBINEO SEHER âREAA 2óOOO.OOO

r.lSC C.E.'tHESts -- $'tkf.Ar,r t,OAD¡N(;S--

uLlIilA'fÊ;800 LUAI,INGS trÉ;.r hEAÌHER Cri.r t¡e trnr¡¡¡pec

RUN O02 JAN t{ l9?9 r.tRsI RlrN riIl8 nev¡seu LoAD pROGRAit

I
H(,
(f,)

I



l0 t917
r I t9t7

¡ 3 tg-l'l
ll t977

:1-l)UKÀ l I r-ìtr lr.ChEg ---
rrv¡-t l rJUe/ NtlNDt.!.

r7 t977

Ìrutrt(tì shpARA l þ Lt rf48 l Ntsl)

22 t9t7
zt t977

25 t977
26 t977

2e t977

Jl t97'I l0

9.tJu
9 .00

32 t977 lo

9
9
9
9
9

BI}D 5 LUAUI frcs PEk I O(IAcRL¡i
.u_!Lltl_!!.t)

PUUN IJS

{.0(,
t. u0

2078.00
91.00

u.2e
0.¡lJ

2.0n
ri. 00

989.O0
lo8ó.00

PI 
'U 

N I),S

22Z.OO
17. o0

0.J5
0.25

520.00
707.00

6rr 4. o0
{78.00

J ¡4. 00
I 0'¿. rr0

4óó .00
l6 2. 00

2 39. or)
J59.00

29 ì .oo
466. 00

0.Jb 905.00rr.oJ 43.00

198.00
7o.ol)

I I17.00
958.o0

E6. 00
t7.00

l0ô7.00
2 06. o0

382 .00
5t5.00

428.00
I 296.00

7 56. 00
ó5. o0

_l

I
H
(¡)
rÈ
I



AT{T DAÎA

? r0514

170526
7'to52E

PLAN'I N(I

'1 1rJ5'¿9
7l1J6tO

ll lto6tt
l2 7?(rb30

9ö. 90
67.0o

69.70
ob. 50

l7 ??0730
t8 770802

öl .50
81.00

20 ,?or0ó
21 7?o809

ITIJIi'I'H I;ND TKEATÈIUN I PI¡AN1

2 l t, .u1)
¿20.uo

1o8.90
7b.40

2l 7loB'¿e
21 7?rr831

J 10.00
2 /0.00

'¿6 770
27 77090u

I8U.UU
2JO.00

67.50
6{. 50

29 't to92a
3u 't1rD925

¡ 40.00
2 30.00

42.OO
,(r.(r(,

58.10't2.4A

250.0r,
J 20. 00

,9.00
52.0(r

63.60
e2.80

I 40. uo
2>2.o0

28U. U0
2 80. 00

65.On
bu.0n

90. ô0
119.70

2J0.00
I 70.00

48.00
ö3.00

luo.o0
260. 00

,0.00
?0.00

1u0.00
b9 .00

¡40.00
97.00

0 .00
0. u0

8l .0u
I 00.00

55. 0u
60.00

5b. 0u
/¡r.l . O0

0.0t)
0.00

I
H(,
Ut
I



PI,A N I' UA'I A

,7u505
-r ro5l4

7 r052b
7 to5'¿ó

PIJAl,t l lrf I 2 rrAf'lh, .StJrl I ¡r t-ùU I pt_At.ct N.l. yt,Atrl,
-MIGIì brr¡,r-_{.¡r¿______!_Lt!2.5-¿r r_!,!!J.N l. 

--{!_:p_A.S_S_t4lG_D=.-.-_

1 r10529
t t0610

,?o705
tto-t tt

u.tlrJ
lO.lrJ

I 7 ?707 J0
l8 T rolro2

10. t0
10.70

l4u.ur,

,70u0ô
7?0809

l2.lt0
20.80

'¿6 7 r0905
¿7 770900

ZJTJ.UO
'¿27.u0

29 t 
'ugzl¡0 ??0925

22'r.oo
227.oo

15. u0
¡9.Url

I 9u. u0
2 b0. 00

194.u0
22tr.u0

2Y.UU
I ¡1. 00

10. 6r.,
2 t.20

25¡ .00
220.00

t4.00
I ,1. o0

42. o0
59.00

250.{r0
2 J0.0 0

4U.00
2ò.00

2b4.00
200.00

J 9.00
Ji.00

ut.00
55. oo

68.o0
ü8. u0

50. 0o
54. oo

0.o0
o. 00

_l

!
ts(,
or
I



I,AN.I'IJAlA

2
J
¡l

5
6

t?051{
'I'l o526
7?05?E

PLAN'I'¡\Ù

7 ?0529

I I 770617
12 7706J0

??06r0

l{ ?70?05
¡5 ?70713

b.4()
6. 40

N AttU ìdf:.s l.:r{þ

r'f 1707ìo
I C ',r?0e 02

2u ?70806
21 7?0809

l9tr. uu
I 98.00

2t 770u29
2a ??08Jt

ö. J0
ó.J0

l9u.0u
¡ 9U. ut)

.TREA'TMCN'I' 
PLA¡¡1

26 ?70905
2t 770900

I 9U. O0
¡89.00

I 89.00
189.00

42.0u
4¿.(r0

LAi{T f{0. I tRAr=

5. ¡t0
5 .40

r¡2.00
{o. oo

{(r. (r(,
¡to. 00

Nn.2 ÍRAx=

40 .00
40. 00

0.0u
rJ.0 0

N(¡. 3 XRAr=

I ó7 .00

192-00
I 92. 00

o. 0o
0.rJ0

{0.0u
J2.00

0.0O ÃÉiFF=

¡92.00
I 92. ù0

J2. OU

t2.oo

0.00
o. 00

170.o0

J2.00
J2.00

0 . o0 hEt-F=

1.50 t(BIPASI

JJ.OO
J¡.OO

0.0 0
0.00

I .50 KBTPA

I.50 KBYP

I
H(,{
I



UL'1 l,{Al'1.. HUI) Ll}Al)lt\(,S lr{ PUlrr¡r)S }'t:k EVt-l1l

EVEI{'I'YFJAR

¡ ¡977 5 4
2 1977 5 5
! t9'17 5 14 15 J.00 t8lrbriu94.
t l97l 5 t8 2 J.00 þ9b22944.
5 1977 5 2b l4 3.00 991299tr4-

l'1 Ll

6 t9t7 5 2tt t4
7 t9't7 5 28 2l
ë t917 5 29 ¿O

DI

9 t97'l
¡u 1977
I I lq?7

HR

t2
It
L4

t)uRAl'tfrt{

t8

t91 7
l97 l
t97 7

-51

l5 l9??
1õ 1977
17 rq?7

ô
ó
ô

l8 197 7

19 t977
20 t9'17

b. t)u
b.00

l0 tl
t2 ¿2
l t lo

b
7

7

2t te11
22 t977
2t 1977

30 t2
2 15
5 l8

7
7
7

Rl|r'lut F

l.uu
l. u0

1422UU7t,8.
JUJ65930.

24 l9'r7 I 11 9 5.0u lbj457

t3 13
Jo4
30 17

2ô 1977 9 5 6 6.00 Jö04Jöó0. B0-l-{-0. 15ö0.0. 23J16. lt92?6.2l 1977 9 I 17 tz.Ou lt'b935.156. 299¡J0. 91200. Sa29f. taaó21.28 1977 9 24 3 9.00 tr75926j2. 352e50. 98t80. Jt7tt. tg656t.29 Ly'17 9 2q 2L 3.0O 9777418- lÉ'?7r¡- ^2^o- t tqrs ¡¡ßoq

82
U'

25 1977 9 3 20 2.0t1 4969{352. 4lóljo. l8l{¡00. 59ag. ó0351U

2.0u
J.00
9.u0
9-00

I
I
c
I

2
2

I u50{r4¿0.
t7 e4 r22o .
ó631866-

ó

,00
.00
.00

2t
l{
2l

ClJ1.1ttINt l)

J0 1977 I 25 lri 3.0rJ lb0958tl.
Jl l9?7 t0 t't 7 4.o0 t!492949.
32 r97? l0 J0 21 4.00 ,]45r1U6.

9 16
258
29 Ls

I
I

2
2 .00
2.[tO
2-Ot)

¿9U¿T15Jö.
5{u 09J 60.
,7 950600 -

810420.
-1549Q.

2.OO
J.OU
3-o0

lôJ.lU7b6.
¡981520u.
719251ô-

l47rilrJ.
385/10.
42J5¡lu.

l0¡1990 2 9ó.
lJl5lfõ8.
1Ol08ltr9-

I .00
¡l .0r,
4. rr0

SEPAHAlE

J5880.
86580.
6bJU-

5
2

49t21r0.
l72lutrb0.
3240I960-

31t950.
202u00.
275't f u -

I I3120.
l{40-

95bbô68.
238550U2.
l54421t2-

154uJ0.
I J02ó0.

l9rt{r)-

2424A.
l¡04960.
tt4'120 -

tbj45792. 46800. 20400. 29251. 9öa5l

5]'PLA NlS

6485 r0.
lut74{r.
f¡ll¡l(|-

64EO.
lo.l fl0.

¡18O0.

I 794U
I I 58Ju

6o7 2t)
5? t60
fllrI60

2415{
l'l 417

l8l'r40
57't20

4J5bltl
l,3rrifo

391 ?0
t7520
| ßínt¡

9b75
I 9{t4

TOTAL RAI'U

I I lfrg

286080
2 0ó4n
I t 2ro

2449
2 ¡t{9
¡o¡rt

10t769¡¡.
qÁ tÁ?

8400
2ó{00
s loÁrr

I 2903
1663¡r
12 ¡l ¡

'¿69 tO
I 66920

,s_q Þ.!.{-u

I 8240
9168 0

I 2 ¡rifrlì

l8t?25
550114
sôe1Áo

b97 4
J660
lar ¡

44809
t I 9509

tÁçt5

9206
ó7ó5
Â?ar

387573
27 67 94

6178.
l34EC.
ttq6a

200924
l8l{40

34 3ó
1852U
i ACt A

10J20
{51 20

9a3C58
2091 ¡15

32518
t557tE
,AAA AL

79396
t{5838
tt¡i ¡Á

ttl76
l9tt?

a E{0ö
23tlE7

l9

I
H
(^)
G)
I



IAN'l'lTY -sUill'IAHY-l{U Ut r.VEt{'t,5

CtJfihl ¡rr.t) t(rlrr'rf l 7. I b
sr:PAFatt Rut¡tj¡t g..¿\t

I
H
f*)
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I



Àt Ill sur,illARI-N0 0f' gvuN,ts

EPARA'IU 2lo8tö0.
NEI) 7(ÌJrr7 ru.

lrr'l'A L 9ftlr.1 l ¿ .

2 ¡ 9r'99.
fr5U80.

_l

H
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I



10.3 APPENDIX

'RVRQUAI,'' LISTING

SÀI{PLE RUN

AND



00 300
00¡100

00600 0001
007 00

3-r{AR-1979 l6:51!38

00900 0002
01000

01200 000t
01100 0005

RMR OUAt,Ilf ftoDEt rttttr'ttttrrttttrtatttrttrlttrttttrrtrattrt

OF EFFECTS OF URTìÀN RI.INOFF ON THU
COñPUÎES ËIilIilUÈI DISSOI,VED OXTGEf{

0l 500
01600

01800
01900

02100 0008
02200 0009

DUR( 100), voL( I 00), lolAt¡( I 0o ),B(¡DU( 100), LENR, âREt ( I 0O ),
E|¡EV ( I 00 ), SRUDIH ( I 00 ), l,Evt, ( I 0o ), FL0H ( t 0o ), ÎEilp ( I o0 ),

vAX-l I FoRTRAT{ IV-pt¿Us yl.0-2

HRIlE(6r100)
FORHAT( r I r, rEtlÎRl üttrE

027 00
02000 0012

NTITLË(20), NAilE(8) rRNÀMC( l5),
KH()UR( l0O), JTTATE( t00 )

2 RUt¡oFFr r/' ) r, TDEVELOPED Br
SrllttlllltltltVER l.O----JA!l

03000 001{
0¡100 00t5

l2o F(rRr,tAT( Z0A¡t )

DO ll0 rttr3

03100 00t 7
03400 00t0

I{O COilTINUE

HRIIe(6, t 30) (NTIÎLE(ï), ll¡1, 20)

REI) RIVER IN I{¡NNIPEG

0 3ó00
03?0o

03900 0021
01000 0022

TO RIVER OUA¡¡I1T PROGRAIII/

READ( ?' I 15 ) illllE, IEVEI{T

04200 002a
01300 0025

150 FORr,r^1( rlr rlol, rïAÎERSHED ilÀ]lEr,2OX, rf{0. or EvErlsr)
HRITe(6, t50)

0t 500
0t600

B.IIACBRIDE FOR ilSCCU THËStSr/r0.,
l979tr+tttartt!ltttttt+*t*tttt t

FoRil^T(t ..8A4.I20f/'
HRITE(6, l5?)

0t800 0027
0¡t900 0028

lr rrrEvEfllrrax,
2CUBIC FEETr,2x,

- READ(7,16O)l(,KDATE(I),t(HOUR(I),DltR(I),VO¡,(I)TTOTA¡,aI)
ló0 FoR¡tlT( lx, 3IlOr3Ft5.2)

05t00 0030
05200 003 I

05¡¡00 003J
05500 0034

* R r l E ( 6, 1 ? 0 ) r, r( D A TE ( r ), t( H o u R ( r ), D U R ( r ), vo L ( r ), T OT A û ( ii; 8rr D U ( I-I )FORltAT( t t, I5, Il0, I6,Fl0.2,Fl9.0,Fl?.Orf lO.Ol

t DATE r, 5X, . l{OUR r, 2X r t DURATION r, 2X, I VOI,UlE;rEOD ÜOAD-POUllDSr, 2X, t bOD-t1G/L. / / I

READ IiI RIVER DATA

REÀD(5, 2OO ) RI{ATE, LEilR
FoRüAT( l5A/¡,F10.2)

F(JRr,tÂT( ' t r,l0x, rNA¡tE OF RIVr:R REACHa,OTX¡¡,e¡¡crH(rEET)
HRITE(6, 2 l0 )Rl{ailE, LENR

¡{HITE(ó,2¡5)
FoRllÀT( ' r, iEl,EyaTloN vuRsus suRFAc¡j t{lDTHr/

+i

I
H
rÞ
H
I



RVROUAT¡tttftl t-l.llR-1979 lór53:38 VÀX-tl FORTRAT{ Iy-pt t,s vl.0-2
R YRI¡TJ AT.. FUN . 2q

05?00

05900 C REID CLEV. YS. SURFâCE HIDÎH CR0SS-SECTT0N06000 c
06r oo oo¡5 lnFtl I ìlorlD
0ó200 0036 DO 250 I=1,100
06300 0037 REtD(5,220)ULEV(t)TSRHDlH(I'
o6aoo oo¡n t2ô FnRxtTf2¡r o^rt
0ó500 0039 rF(Er,Ev(r).E0.0.0)co To 2510ó600 00t0 rF(r.Eo.l)co 10 230
067OO OOal IRF¡lrlrÂRE^ar-t ì+lFf.Fyl?l-E!,FVlt-t tìttsR¡lf)r¡tfrt+S-RIDI||tl-t tì/2
060 00
06900
n?.ìnô fìoaa .qfì cntlîÎr¡Itt

2SO.FEEÎr/)

07100 0045 25t ipTS-I-l
07200 c
ot100 a tl'ln nl'nrYcEt¡tîlnx

0042 230
0043 2t0

0?400 c
0?500 0oa6 READ(5,260rAt(t,At(2,ÎHEÎAl,ÎHEÎA2
ot6lìlì tìo¡t tÁô rnÞ¡¡|Ia¡Fiô ¿ì
07700 00a0
07800 00t9 270
ot eoo
08000
00100 00t0

URIlE(6, 240)Et EV( I ) TSRHDTH(I ) TAREA(¡ )
FORlrAl( i I ,F1{.2rF1t.2,F15.2)

on.oo ñntt tno Fnpl¡?fr r Ft_a,Ft?^a-lftI-F?_¿-çlr- attr
08 300 c08a00 c
oß oo e
08600 0012
08?00 0053 290ônnoo oor¡
00900 0055
09000 0056
oet oo oo5?

HRrlE (6,270'
roRfttl( rlr.5xr rREtclloi RAles tND IETPERAÎURE CORRÉCTJONST/I r -lr- rfìFntIGllilaTlof, r -t5I- rpEÂFp1|¡1nilr /

092 00
09 300
ôoaoo

I
2r rrtl

IIR IlE

09500 0038
09600 0059
oe?no

xt

RETD IÍIIIIT, Uf¡Î ËOD AIID DO DEFICIÎ

, rRAÎE rE¡lP.CoR. I,lox. rRÀTE lEt{p.CoR.
(6, 280)AXl, IHET| I,tK2 rlHETl2

rnEl_EntTrnx

09800 2rvELOCITYrrax,
09900 3r .rSX,rTTtt¡tDD
IOOOO a6I-rDEc-Cr/ì

REtD( 5,290 ) BOD, DOD
?oRrrl(2F10.2)
rPlTEf6-1OOì

PAGE 2

t00

tttì

10t00 0060
10200 0061
t o too no62

c
c
c

FORtaÀÎ(r 
"iIft¡TlAl,rRIlE(6r3lo)FoD,DoD

FfìRxÀ11 I r -6r-Fro-2

l0¡100 0063
10500 006a
I l¡6fl0 ôoáF

t, r TITÞ FA.lNÞ

10700 006ó
10800
t oeoo

REID EVEIIT DTÎA FOR RIYEN

t20
t{RlTE ( 6, 320 

'PoRtAl('1,, TRIVER DAll
lr r 

^ lFÍFt¡î, -at- Inll¡tr _

llo00
t I 100 006?
t r 200 006e

1¡o

DO ¡lO0 .r:lr IEYEilT
REID ( 5, 3 t0 ) ¡rDÀTE ( ¡¡ t, t,EVt (.J ), pt¡ol, ( J ), lEltp ( J )FllR[ÀTtrttì-ìFro^tr

RIVER BODUI,TI,TOX, IINIlIAL D.O. DEFICIl'/)
lqr-¡rt,tt

lao

IF(I(DATE(J).EO.JDAÎE(.') )GO TO 350
URrlE( 6 r t¡t0 ) J. xDAIE ( J ) r\rDAlE(.f )
FoRllÀTf . r - r IÀPilrNc nÀ'r¡:-ç nfì Nnl r!îaú

c
350 CONÎINUE

1 HîENPnI.¡TEc
c

' TETPERÀTURE I /I,óx, rFEETr,?xr rCFSr r3x, rso.FT.. r3x, rFT./HR.

foR
ar - t

r)

D() 360 I=2 r |{PTS
IFlLEVr,t.t t -cÎ^Fr,Fvf r ì tc

EACH f,YEIIT I //
FI.FUÀt1nI t ÁY I Ft ñ9

Tf¡ FlNn I--qF¡r Â9FÀ

+

rr.¡n ?Án

I

I ?t ,ttôì

I

I
H
lÞ

h.)
I

-t



RYROUll,al4Alll 3-llAR-1979 lót53!38

I I 300 0069

I 1500 00?0
11600 0071

l 1800 0073
I 1900 00?a

12100 007ó
t?200 0077

l2¡000 0079
I 2500

GO T0 380
160 CONTINUE

XTREA ( J) râREt ( I- I ) + ( LEvt¡ ( J ) -E|¡EV ( I-r ) ) / ( ELF:V ( I ) -Er¡Ev ( l-l ) ) r

I 2700
12000 0000

t70 FORlt^T(r ',rtl^RNtNc LEvEt, EXCEEDS R¡VEF DATA,)

I 3000
t3t00

XAREA(.t)!1.0

I 3300
r3100 00tt

vÉL(J)=Fl,Oï(J) /tlREA(J) r1600.

vlX-ll FORTRAf¡ IY-PtUS Vl.0-2

{OO CONTIilUE

IIRITE(6'390)J,t(DITE(J)r¡,Evt (.r¡rFtOH(J)rItREA(J)rVEL(\r)rTE¡tp(J)
F,¡bI ¡"

I 3600
I ¡700

a0l colrlINuE

DO aOl ¡¡lrIEYEI1

l{200 008ó
1a300

I 4500
1t600 000?

xRIIE ( 6, t05 )

I {800
1 4900

I : r, f EVENTr.lX, rDllgr r2X, I If{lERVÀL) r?(a[, I INITIALT ) r6X, I il r r6X,2tK2t .ax. rcRlltctL r ,lx, rcRrT¡cAL. .11,, TSATURÀTION r ¡4X, r¡i¡¡¡gi r 7

15100 0092
15200 0093

l,{x, rDEFICll"
llx. rDIss.oxrG. r.lI, rD¡sS.OXIG. r/)

o089
0090

15t00 0095
15500 009ó 106

Do t20 t¡t,¡EYENÎ

15?00
I 5000

16000 0r00
16100 0r0l

¡F(I.EO.l)co 10 a09
DU¡,TIIHOUR ( I ) -I(HOUR ( l-l )

16300 0t03
ló400 0l0a

IF(DELT.¡,1.o.0) ADD!(2{.+DE!,T) /2{. -t. O

TIIIE=IFACT( T,.IFAcl( I-I )+ADT)

16600 0106
ló700

IF ( l¡f, llR-DIST) a09, a09, {0ó
rBODSBoDIilTEXP(-l r f BXtrTlñE)

I +FDOoTEIP ( - I . *BK2 rTI r'iE )
FSoD! (FBÍìDr (¡rEtlR-DIS1 ) +BO0rDISl ) /t ENR

.09 RYO¡,=XAREA( I ) ILENR
BUDtNS( RVOLTFBOD+BODU ( I ) f VOl¿( I ) ) / ( R VOü+VO¡¡ ( I ) )

BK2rAh2tTHElA2rr(ÎEr,lp( I )-20. )
TCR-(1./(BK2-Bxl ) )rALOc(BK2l8t(t r(1.-FDoDr(F(2-BKt )/FKt/B0DIr{) )

DOSAI=14.ó52-0.4lO22tTEMp( I )+0. 00799t 0rTEr{p( f )rr2.l-0. 0000?7774tTEÀtP ( I ) tr 3.

I

rÞ(,
I



RvROUT¡sIrIx 3-il¡R-r9?9 16:53:38 vAX-lI¡.FoRTRIT Iv-Pt¡Us vt.0-2 PAGE ¡l

r6900 0108 HRrlE(6,410)r,l(DÀÎE(r)r1IIE,BODrit,FDOD,Bt(lrBK2,lCR,DCR,DOSAÎ,
l?o00 I fif rt IiltIl
17100 0109
t7200 0l l0
l? 3 00 or,ft
17a00 0l l2
r7500 0r t 3rt600 0rr¡
17700 0l 15
17000 0lló
t?ooo ort?
18000 0ll8
t8to0 0ll9
t nroo ¡tlaî

¡[10 FORtIAT( I I

420 CUNTINUE
DO sto rrl

18100 0121
l8ao0 0t22
t ß5lì0 rìr tl

DUil(I)tDoliIN(I)
sr,tAt L(I)=100.

5i o cf rN'rriluE

t8ó00 ol2a
l8?o0
t ßnoo nt rq
18900 0t26
19000 0t2t
tcroo ort¡

DO 530 J=I,IEYENÎ
DO 520 I=I,IEVENT
lÊf-${ÀLLtJì.IÎ^DUrltì ìcn rn 520
SüÀLL(J)3DUü(I)
JJtIqtô anilîtxttF

¡¡f , I9, 2F10. 2,Fl I . 2, F9. 3, F9. 3, Fl 0. 2,F12.2,F 12.2.F12.2'

TEVEf{T

19200 0r29
19300 0t:t0toaon nttr

DUil(JJ)=100.
530 cor{ÎIiluE

9ptîFr6-q¡ôì
5{0 FoRiltÎ(ill

I II EXCEED.
ñn (ßn frt
DISTIEYET¡1-I+l o

PERTDTSiT' I EYENIT l00.
rRtrEt6- 550t 1 -sx¡¡,Lf t ì -nYs-DEp

550
5ó0

FORH^1( |

cor{T¡r{uE
FXn

, rlluf{BER r r{x, I f{Ill.tl/,
, lSUlNt

, l5rFl0.2,Ft5.2rFl5.2)

D.O. I r¡lXr rDYS EXCEED. r.lX,

+

I
ts
r!:
È
I
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L v l': D u { I GLNIü_-IU.VI R_l¿UË'_1:0_ U R¡ À¡r _- RU lt U F.t-
DEVELOP¡jlì By ¡r.r,tÀCBlrIl)F: FUR t{S(:Cl.: TIIES¡S

T8E E.E. ÎIIESIS TIilIIUI D.O. Iï RED RIVER DUE 1(} URBÀII RUIIOFF

EillRY üADE TO RIVI,R OUAI,Il'Y PRN(;RÀ¡I

RUi ooa rrlfl 12¡0.26 Eltsl. eoilD RUN DtlE 0tiltR?9

.&''



EVETIT DÀ18

HAlÉ:FSr{f:n NAr,tFi

77050a I I
7t050s 5

HtjllR DURATItìN v(JLUIU-CilbIC É'FUT BnD LnAD-pOUNDS BOD-itc/L

770518 2
?7 0326 f ¡l

770528
770529

t3 770702
la ?70705

77 06t2
7706t7

2t
20

NU. O¡ [:Vf'iN'lt;

22
l0

7 70? ¡0
??07 r0

??0 00t
t? 0 006

t5
l8

I ¡12200768.
30J65930.

9.00
9.00

770825
770829

a 2.00
ll 2.00

69622944.
99 I 2990{.

28
29

? ?o90!
7t0905

3794!220.
6ó3 I 866 .

31 77tor7
12 ??1030

770921 3
77092a 2t

I
l8

5{O09360.
7 ?950600.

3.00
3 .00

l0l7ó94.
543¡t7.

I 98 I 5200.
71925t6.

{.00
t. 00

55011¿t.
5e9369.

l3t5?1ô8.
10108t69.

2 .00
6. O0

7
2t

t I 9509.
l45t s.

t 72 I 8060.
32{o I 960.

9. 00
3.00

27 679a.
a0¿t 20f,.

23855082.
asta2772.

a. 00
a .00

t27 .
89.

I 8l t¡t0 .
6 I 993.

t9ó9t352.
3601 36ó0.

209 I 45.
gt?25.

67592ó 32.
9777 a7 I .

1557t8.
2t6? 3ó.

l3¡t929{8.
33{5Et86.

545838.
514t36.

ó03518.
1r927ó.

486563.
3¡1588.

23t t87 .
7(r I 519.

It5.
57.

27s.
3 ¡ó,

I

-:u4ì

I
H
Lb
o\

1



ilÀrE uF RtvtiR RÉ:Àct{
RED R¡VFR TN HTNNIÞ}:G
EI,EVATIUN VERSil$ SilRFACU l{TUTil
ElEVATION-FEET -stlRt'ÀCE HIDTH-FUET AREÀ-So.FUET

713.00 0.00 o.o0
7l ¡1.0o 30. Oo t 5 . O0

725.00 450.00 2405.00
710.00 500.00 t?80.00?15-oo 600-00 75¡O,oO

?t -oo ¡5-OO ¡¡

718.00
7t9.O0

740.00 ó2o.oo l05e0.oo7¡15.00 660.00 13?80.00
?io nn Áno oo tTttoJro

I OO .00
I 40. o0

2 50.0 0
370.o0

¡,ENGTH ( FEE'T )
__ 105600.00____ I

4l

I
H
rl¡{
I



RAlE TEMP.COR.
0.2300 I .04?o

REAEÎIOI¡ RATÈJS ÀNN TEiIPERÀTI'RE CÍJRRECTIfINS

IlIIlIÀL RIVER BODULl

RâÏr: 'l t:¡lP.CUP.
0.2600 1.0¡fru

IutL___

INITIAI, D.O. DEFICIl'

-j-l-lI'l

I
P
rÞ
o)
I



RIYER DI?T ¡OR EACN EYEill

EVEIIÎ DITE ELEYAÎION
ITTIIDD FEET

770501 7!2.2a
77050s 7tt.82
7705t8 73a.28
710526 73,¡.30

l0 7706t2
ll 7706t7

77052C 734.06
770529 ?33.86

770702 733.?l
7?0?05 ?33.96

IREA VEI,OCITY
so.FÎ. FÎ./HR.

770730 733.92
?70?t0 ?33.92

7 3 3.6s
73J.92

60t I .99 898.20
ó881.00 790.o0

77080{ 733.02
?7080ó 731.?ó

2960. 7013.00 1519.46
2ó50. ô902.99 l382.ol

770s25 ?3¡1.0377082e 733.S6

713¡t.02 1029.¡t3
7 l a¡[. 99 I ¡105 . ?l

1750. 6787.5r
1390. ó935.99

28 710921
29 77092a

??0903 733.91
770905 ?3{.la

1090. ó820.51 575.12
lll0. ó958.01 57{.to

TEIIPERÀTURE
DNG. C

1800. ó935.99 gta.26
1800. ó935.99 93¡t.26

77 tott
7?10t0

l?.00
17.00

1930. 688r.00
¡0t0. 68.0.01

73a.r2
7la.t2

20.00
20.00

050. 6996.52
6?0. ó902.99

20.00
20 .00

I80.
910.

2l.s0
21.50

1580. 70{6,00 807.27
t580. 70t6.oo 807.27

6930.f9 ¡r5?.II
?057.0t 464.22

2r.50
21.50

22.50
22.50

70ó2.51 t 350. r9
625¡¡.00 lZ3?.61

21.s0
21.50

17.50
l7.tto

15.00
15.00

I 2.00
11.00

I

rÞ
\o
I



RESUI,IS DISSOT,YED OXTGEII EACTI EVËNT

2
I

770505
7705r {

5
6

770526
77032s

0
I

ll
l2

770529 0.88
77061o tl.ó3

0.4ó I 8. ?5
9.42 ¡1.7a

lt ??0705
l5 7707tt

7706t7 4.50
7?0630 13.08

8.50
2.00

t7 7107t0
tg 770802

20 7?0806
21 7?0809

11.20
3.79

2t 770829
2t ??00r1

3.13
?.?9

3.80
9.22

2.5ó
I .00

26 ?70905
27 ??0908

0.54
3. l7

9.33
5.29

l.oo
t.8s

29 770921
30 770925

¡.40
18.32

0. 200
0.200

2.29
2.79

I .50
1.00

0.2J0
0 .230

4.12
I .63

6.O2
2.O8

I .60
I .00

7?t0¡0 13.58

0.248
0. 248

0.230
0.235

TI r'tE-trÀTs

ó.96
3.83

t.{2
3. {6

I .98
1.00

0.260
0.260

l a. 0¡l
10, ó2

o.2q6
0.246

0.75
0. 79

l.¡¡7
I .35

0. 260
o.262

12. 36
tl.óó

0.246
o.270

3.79
3. ¡10

I,t9
t.82

DEFICIT

O.zÍrb
0.266

0.258
o.246

3. ?o
I .89

8.ó8
7.ll

3.25
l.l2

0. 2óó
o.275

0.246
0.225

2.33
3.56

3.49
3.ta

7.10
I .9{

o.?,7 t
0.266

DISS. OXTG.

0. 200
0. 200

3.20
3.r3

I .92
I .7t

l.2t
2.17

0.26ö
0.258

0.191
0.191

I .55
t.47

1.97
1.58

0.2¡¡8
0.2 48

9.61
9.61

0.t83
0.175

2.84
I .20

t.92
2.26

DISS. OX ïc.

o.244
0.24t

9.02
9.o2

3.03
1 .9ó

2.20
7.oó

0.2¡¡0
0.23ó

9.02
8.93

t.29
2.8t

2.5t
7 ,67

2.76
I.aa

8.75
8.?5

3.08
3.t5

t.79
6.05

3.05
2.¡5

8. ?5
I .42

3 .50
3. ¡18

? .0¡
5. 35

5.8 7
{.89

I .58
I .75

{.8 3
6.t9

5. 38
5. 00

I .75
9.tl

6. 55
1.36

3.18
2.94

9.61
9.61

5.8 2
7.t2

9.82
9. 82

5. ?o
6.9?

¡0.03
10.26

t.?{
a.?l

t. {t
t.0l
6. 55
7.t2

I
F
(n
o
I



iluiBER tII. D.O.

, 2.51
a 3.{8

t. {{
4.19

t2
ll

l5
l6

30.00
29.00

4.85
5. 02

l8
l9

?1.O0
26.00

5. 57
5. 70

2a.oo
23.00

5.82
6.22

2r
23

2t.00
20.00

93.75
90.ó3

ó. {9
ó.55

8¡1. 38
81.25

10.00
17.00

6.67
ó. ó9

15.00
l{.00

75. 00
71.88

6.97
7 .03

ó5. ót
62. 50

12.00
I1.00

7.32
7.67

5ó.25
53.t¡

9.00
0.00

¡ló.88
43.75

6.00
5.00

37.50
3¡t.38

20.13
25.00

18.?5
15.ó3

9. 38
6.25

I
H
Uì
ts
I



10.4 APPENDIX 4

WEATHER FLOW MODEL

DETAILED RESULÎS

DRY

A¡üD



-L52-
TlTLE DwF Ir{oDEL - *3_x$* p¡CE 1 oF I Tl Progrommoble
pROGRAMMen B. D. MacBride ORre 25 March 79 Progrom Record
Partitioning (Op 17) 12 ,3 ,9 -2 ,9 | Library Modute Printer _Cards

PROGRAM DESCRIPTION

USER INSTRUCTIONS

DWF MODEL -
rr=
1^!d

Da=
Tcrrt

RED RIVER

K e 
(r-20)

Dcrr_f - 
1-_ JJCL

K1 --KlxTertç-x BODp

Qn

QnxDn+
Qp
x DpE

cn#l ln (ä? (1

+
+

STEF PROCEDURE ENTER PRESS DISPLAY

K1

K2

e1

s2

Q River
B.O.D. River
D.O.D. River
Temp

Q Plant
B.O.D. Plant,
D.O.D. Plant
Calculate Tc

Note: ULT B.O.D.

Ultimate

Ulti-mate

1.5 x B.O.D. 
S

sTo

sTo
STO

STO

STO

sTo
STO

STO

sTo
STO

STO

00

01

02

03

04

05

06

07

08

09

10

A

R/S

R/S

R/S

R/s

B

Kll
K2l
La
Da

Tcrit
Dcrit

USER DEFINED KEYS DATA REGISTERS (W TE ) LABELS (Op 08)

A

I

c

D

E

A'

B,

c'

0'

E'

0Kl
'K22el
3e2
oQR
s B.O.D.RI\ZER
o D.O. Detp
t Tempp
E Qplet¡r
e B.O.D.ÞT.À¡1tF Trrl

ro Ð Deficit Plant
rr KI (Tenp Corr)
rz Têmp - 20
13 K2 (tenp Oorz)
11 QR .t Qe
rs Mixed B.O.D.uut
ro Mi:<ed D.o nnrt7K2-Kl
r'Time"=1¡

9

['rVi-[^-a--@-@-E-E¡ -
i€-i-E- @-@-EúE-m_
í!E- -:Il-Dl-E--@-E -
fst -E-@-E-trE ti:
P:-E-EE -IN¡- EI-E
@_E_E_E_@ @
lE_ E_ lEt _@__ El _lt
@ _@_E @_E _@
lEr_E _Ir_E_@ @
@ _@ _El _rEt _@ _ @
@_@_

FLAGS 0 2 3 4 5 6 7 I I

e 1977 Texas lnstruments ¡ncorporaled
I 01 1966- r



OF Tl Progrommoble

Coding Form3RAMMER B. D. ItlacBride

COMMENTS
2nd
Lbl

A
RCL
oo
x

RCL

02
yx

(
RCL
07

2
0

)
STOl2

STOll
R/s
RCL
01
x

RCL
03
yx
RCL
L2

STOl3
R/s
RCL
04
x

RCL
05

+

¡cl
OB

x
RCL
o3

+
(

RCL
04

+
RCL
OB

)
STOl4

sTo15
R/S

alculate

K]-r

Temp-20

Kl'

Calcula

K2l

K2l

CalcuIat
Initial
B.O. D.

ULT
ITIIXED

Qn+Qp

La

RCL
04
x

RCL
06

+
RCL

08
x

RCL
10

+

RCL
T4

srol6
R/s

1
+

(

RCL
13

RCL
11

)
sTol7

x
(

RCL
I3

*a"
11
x
(

1

RCL
16
x

RCL
T7

+

RCL
11

RCL
15

)
)

lnx

STOl8

alculate
Initial
DeficÍt

culate

Critical

K2-K1

alculate
Critical
Deficit

2nd
Lbl

B
RCT
15
x

RCL
11

+

RCL
13
x

I
t
x

RCL
1t
x

RCL
18

)
2nd In

lnx

R/s

MERGED CODES
62 @ l@ 72 @ lt 83 qrsj- tü638l@ 73@ @ 841Ð ¡ü648l@ 74F4 E s2llliû ßqE

Trxns INsrRuM ENTS
I N(OR POR AT T D

; lnstrumenls lncorporated
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DWF MODEL

SUMMARY OF RESULTS

May - September Ig77

1.

2.

Min. D. O. Concentration

Range Average

5.96 7 .77 6.75Existing (Secondary)

30? Removal (erimary)

3. No DVüF Treatment

4. Advanced Treatment
(90? Removal)

5. Existing % ni_ver Flows

I.L2 3.27

0 - 0.40

6.73

4 .07

8.77

6.06

1.98

0.08

7 .55

5. 18



I\bnth

May 2040 1.0

Jt¡re 1670 1.0

JuIy 1540 1.0

Augnrst, 1240 1.0

Sept. 1450 I.0

0

RIVER

BOD pQ-pm TEIvtP

1.0 20.0 118

1.0 21.5 r27

1.0 24.0 126

1.0 18.0 118

1.0 13.5 r49

q.

PLANT

BOD DO-DM'

45*
(68)

3B
(s7)

4L
(62)

58
(87)

46
(6e)

BOD
DO

DEF'ICIT

4.67

4.96

5.61

8.47

7.34

Kl = 0.23
K2 = 0.26
el = L.047
e2 = 1.016

1.16 0.23 0.26 2.98

L.27 0.246 0.266 2.90

L.23 0.276 0.277 2.82

L.26 0.210 0.252 3.62

L.28 0.171 0.23s 3.92

K1

INITIAL RESULTS

KZ Tcrit Dcrit DO

SAT.

2.08 9.r7 7.09

2.24 8.91 6.67

2.57 8.53 5.96

3.30 9.54 6.24

2.73 10.49 7.77

DO

MIN.

DRY V{IEATHER FLOW MODEL

RESULTS FOR EXISTING
CONDITIONS

I
ts
l¡n
È
I



I\bnttr

tilay

Jt¡:e

July

RIVER

BOD DO.DEF TENIP

L670 L.0

1.0 1.0

Augn.tst 1240

1540

Sept.

1.0

1.0

g

118

L27

126

118

L49

20.0

2I.5

24.0

18.0

13. s

1.0

1.0

1.0

PLANT

BOD DO.DEF'

1450 1.0 1.0

330

242

DO

BOD DEF'ICIT KT

4.0

4.0

18.99

18.03

18.39

23.85

22.06

23I 4.0

Kl = 0.23
R2 = 0.26
91 = L.047
ê2 = 1.016

264

227

1.16 0.23

4.0

4.0

I.2I 0.246

INITIAL RESULTS

K2 Tcrit Dcrit

L.23

L.26

1.28

0.26

0.266

0.277

0.252

0.276

0.210

3.82

3.63

3.37

4.09

4.63

DO DO

SAT. MrN..

6.98

6.82

7.23

8.42

0.171 0.235

9.r7

8.91

8.53

9.54

2.L9

2.09

1.30

T.12

3.2L7.28 10.49

DRY VüEATHER FLOI4I MODEL

RESULTS

PRIMARY TREATMENT ONLY

30å REMOVAL

I
H
(rl
(¡

I



lbnth

l6ay

Jwp

July

Augrust

Sept.

RIVER

O BOD DO-DEF'TEMP

2040 1.0

1670 1.0

1540

1.0

1.0

1.0

1.0

1.0

J240

1450

1.0

1.0

1.0

20.0

27.5

24.0

18.0

13.5

0

1r8

I27

L26

I18

149

PLAIi¡T

BOD ÞDEF

47r

345

330

378

324

BOD

26.70

25.3L

25. BB

33.76

31.10

4.0

4.0

4.0

4.0

4.0

DO

DEF'ICIT KI

KI = 0.23
R2 = 0.26
el = I.047
e2 = 1.016

1.16

L.2T

INITIAL RESULTS 
DO

R2 Tcri.t Dcrit SAT.

0.230 0.260

0.246 0.266

I.23 0.276 0.277

I.26

I.28

3.90

3.71

3.44

0.210 0.252 4.L7 II.74 9.54

9.64

9. 39

9.97

0.171 0.235 4.73 10.09 10.49 0.40

DO

MIN.

9.t7

8.91

8.53

DRY WEATHER FLOW MODEL

RESULTS

NO DWF TREATMENT

I
H
(Jl
Ol
I



lltrnth

I'Iay

,fi¡re

July

Augrust

Sept.

g
RÏVER

BOD DG-Dff' TBiIP

2040 1.0

L670 1.0

1540 1.0

1.0

1.0

1.0

1.0

1.0

].240 1.0

20.0

2L.5

24.0

18.0

13.5

q
PLANT

BOD DO-DEF'

1450 1.0

118

127

47 4.0

4.0

4.0

4.0

4.0

126

118

I49

BOD

35

DO

DEICIT

1.16

L.2T

1.23

L.26

L.28

3.52

3.40

3.42

4.22

3.89

33

Kl = 0.23
K2 = 0.26
eI = 1.047
e2 = 1.016

38

K1

32

INÏTIAL RSSULTS

R2 Tcrit Dcrit

0.23 0.26

0.246 0.266

0.276

0.210

0.171

2.62

2.44

2.32

2.87

2.92

0.277

0.252

0.235

m
SAT.

1.70

1.73

1.80

I.92

r.72

DO

¡IIN.

7.47

7.18

6.73

7.62

9.L7

8.9r

8.53

9.54

DRY $IEATHER FLOW MODEL

RESULTS

90? REMOVAL ADVANCED

TREATMENT

10.49 8.77
I
H(¡{
I



Ibr¡ttt

Itlay

June

Jtrly

o

RÏVER

BOD DG.DEF 1EMP

1020 1.0 r.0

835 1.0

Augrust 620

770

Sept. 725

1.0

1.0

1.0

1.0

1.0

1.0

1.0

20.0

2I.5

24.0

18.0

13.5

g.

118

L27

L26

118

L49

PLANT

BOD DO-DM

68 4.0

4.0

4.0

4.0

4.0

BOD

57

DO

DEF'ICTT

7.94

8. 39

9. 58

L4.75

L2.59

62

Kl = 0.23
RZ = 0.26
9I = L.047
e2 = 1.016

87

K1

1. 31 0.23 0.20

69

INITIAL RESULTS

R2 Tcrit Dcrit

1.40

I.42

1.48

1. s1

0.246 0.266

0.276 0.277

0.210 0.252

0.171 0.23s

3.36

3.22

3.08

3.86

4.26

DO DO
SAT. MIN.

3.24 9.L7

3.51 8.91

4.08 8.53

5.93

5.40

4.4s

4.07

6.06

5.47 9.54

4.43 r0.49

DRY I¡TEATHER FLOW MODEL

RESULTS

4 RIVER FLOWS

I
H
('l
æ
I



]-0.5 APPENDIX 5

DETAILED PRINTOUTS

"RvRgUar." RESULTS



RESUT,TS DISSOT.VED TIXYGEN FACH ¡-VENT
_EVEHT DATE |vlEXV¡l r? cRlTlcAt,

YYFHDD DAY.S tìrìl¡lll¡'f D.rr.lìt.f' TI¡¡¡ì,DAyS rrr.FlçtT

- I 7?050¡1 0.o0 2r.er 0.oo 0.200 u.33{ }.83 ó.082 77O5u5 0.46 18.75 l.6J 0.2u0 u.314 3.38 5J23 ?7051¡1 9.4? 4.74 0.Oo 0.200 0.J34 1.83 1.32
4 ??0518 1.4ó 1r.87 0.25 0.2J0 0.35(, 3.41 3.56

? ?10Í28 0.:!g s.{6 0.2b 0.230 o.3su 3.29

5 77 0526 8.50 I I .20 0. o0 0.2 J0
6 770528 2.o0 J.79 0.89 0.230

I 77052e o.C8 3.to 0.62
9 770610 lr.ó3 9.22 0.00

l0 7706t2 2.46 u.ss 1.25
lt '170617 4.50 9.31 0.64
l2 770630 t 3.08 5.29 0.00
13 7?0702 2.13 6.40 l.o5
l¡l 770?05 3.r3 J.4B
15 ??07¡3 1.79 18.t2
t6 ?70710 ló.63 5.t8 o.o0
1", 77 a7 lo o. 5.¡
tB 7708rJ2 3.t7
t9 7?080{ r.?t 4-55 o-32
¿v t ruËuÒ 2.29 õ.9õ
2t 770809 2.19 

'.8122 770825 15.67 12.44
23 770829 4.42 14.04
24 ??0831 1.63 1fu-.62
25 770903 3.46 rs.90
¿o r rut {,t l.4z
27 7?0908 3.46
2E 77092q t5.12
¿v t rt)t?l 0. 15
30 t?092s 0.79
3l ?71017 2r.ôt
32

6.02 0.57
2.08 O.ez

tt

0.2J0
o.2J5
0.246

t030 13.

I .14
0. 00

0. J50 3.50
0.350 2.4t

Q.246
o.246
o.246

o-3

o.246
0.2?0
0.258

12.36
I1.66
10. 52

0.J
0,J

o. ó5
0. c)
0.00

CR ITICAL

58

U

o. J58
0.158
0--ùs8

0.258
o.246
o -246

3

8.68
7.31
5. 86

i8

2.24
2.í',¿
1.89

0. J58
o.370
0. ]6{

17

rr.24t'
o.225
o.205

2.76
3.45
2.7 I

2.59
2.19
0. 0n

.l 5

uiss.

9.61 ¡-52

0. J64
0.358
o-Js8

0.2o0
0.200
0.r96

.sÀTltPÂ1t nil

3.06
1.35
2.65

3.29 g.o2
1.¡13 9,O2 7.59
I-68 9.02 7-3¡t

I .01
0.8ö
0.00

0. J58
0.347
0-316

0.191
0.t91
0,183

t.9l
3. l5
3.25

|.t2
2.7 I
3.00

o .00

9.frl
9.61 8.28
9.02 5-¡t6

0.314
0.t14

?.R'l
2.q9
3.0ó

0.1fr3
0.175
0.t59

1.59 8.7s 7.tó
2-29 8-75 â 

^â

o.lll
u. J28
0.328
0. t23

I

?.96
2.t9
ì^?7

1.50 8.75 7.26
s.7 I 8.t2 2.7o
l-68 8-5n ß oo

0. 152

1

u. l2l
0.11 8
0.308

9. 02
8.9J 6.20
8-75 q ?q

2.98
2.54
3.25

2.O4 8.58
0.7 E 8. ?5 7.98
l-¡l? 8-ts 7 -ae

0.303

2.76
2.49
4. 0ó

4.64 9.61 4.91
1.8{ 9.61 5.??
a-gll q^?r Á tr

2.31
l. ¡t5
1- qo

3.3u
3.4?
4-¡13
4.56

4.25
3 .91
2-8r

8. ?5
9.rl

2 .65
2.t9
I -sft
4.3u 1t.00 6.71

6. t5
7 .67

+

9.82 5. s
9.82 5.9r

lo^o¡ 7 2î
10.03 ?.39
10.2ó 8.09
to-t.i o t(

RUN

CALIBRATIOT¡ E S¡]î\ISTTT\¡TTV

001

KI = 0.23

I
H(¡
\0
I

B.O.D.rT = 1.0



RESUT,lS Df SSUL,VET)

ïY l,l1'lDD

7?0505
Tiosl,l

0x YGUN EACH tjvtjNl

770526
7 7 0528

rrAf.s lìoDuLT

77 0529
77061o

r I 7706t 7
12 770630

l{ ?70705
ts 770?13

t7 7707tO
l8 770402

0.88
11.63

20 770006
2t 770809

K2 .CRIÍI.C-AL_ CR f rrcÀt. .q{îuHÂTroi¡ xtxllllrr _Ttr'rt:-DAys DÌ:FlcIt DIss-ftxyc- nr.\s-flrvc

26
27

9. 33
5. 29

I .00
t.7{

? 70905
? 70900

0.200
0.200

?.29
2.7I

I .13
l.oo

77092a
770925

0. 210
0.230

r. 12
t .63

r.{3
I .00

7?1030 13.58

0.J34
0.334

0.230
0.2 35

t.t? t2,J6
t.a6 ll.ó6

l.?r
I .00

0.350
0.350

la.0t
I 0.62

0. 2{6
0.2t6

l.ar
1.26

o.246
0.270

3.tl
2.(t9

I .3?
r .65

0.35I
O. J5U

0.258
0.2t6

3.t0
1.22

2.7 4
3.1?

0.358 1.0¡1
0.370 2.95

t.27
2.75

0. ¡ó4
0. 358

DISS. f.tx YG.

0.200
o.200

2.70
2.54

I .8t
I .67

0.358
0. 317

0.191
0.t91

t .70
3.05

0.t3r
0.33t

9.61
9.ól

0.163
0.175

2.29
o .47

Dl SS.0X IG.

o.t28
0.328

0.323
0.318

9. 02
8.93

3 .59
? .9¡1

B. ?5
8.?5

5.a2
?.tt

2. s8
I .82

s.7í
8,a2

7. t3
5. 88

4.83
{.13

5. a5
6.81

f.5{
r. la

8.75
9.lt

6 .90
2. t8

2.95
2.49

9.61
9. ól

6.22
7.ao

I

9.82
9.52

6.t8
r.29

¿¡l

10.03
10. 26

1.7A
5. t7

5.2?
5.60

7.09
7 .77

RUN OO2

CALTtsRATION & SENSITIVITY

I
H
oì
o
I

B.O.D.rr = I



RESULÎS DISSCILYED OXTGEI{ EACH EYE'NÎ
fVFl{î ]lÀîE lNTf'nVÀf. tilt.!tll. fi¡t¡ltrt. tt |(? enrftcrt. apilltcrt

TTI,I¡IDD DATS SODULT r,.o.DËF ÎI¡iE.DATS

_ t ttoqoa Õ oô "t.nt r on aì ,oo ô ,an a 
"qz

3
a

6 7?0528 2.00 ¡.?9 1.85 o.?30? t?of?¡ o t¡ 5 ôÁ 1-t8 o-2to

770505
?705t {
??ôq r n

I ?70529 0.80 3.80 1.50 0.230 0.2óo9 ?70610 11.63 9.22 1.00 0.2t5 0.262lo ??o6t, 2-aß ßr5r â.16 n_tó6 0¡161,
It 7706t7 ¿û.50 9.33 1.60 0.2q6 0.26bt2 770630 13.08 5.29 1.00 0.246 0.266
I ? ??O?O? ?- r I Á,^ôO I -nq, 0^?46, o-16,fr
t{ 770705 3.13 3.4s 1.9U 0.246 0.266 t.5515 ??0713 7.79 18.32 1,00 0.270 0.275 t.ql16 7?O7¡O 16-Á1 5^¡10 r.OO O-2tR O.l?r a-nt

0.4ó
9.{2

t? ?707t0 0.5{ 6.02 t.47 0.258 0.271l8 770802 t.t7 2.Og t.3S 0.2¡16 0.266to ?tn¡oa I rl ¿.<q I t^ O "ÂÁ, O ,Á,Í,

18.75
4.71

¿u r ruüub z.zt ó.96 l.{9 0.246 0.26ô 1.03 3.05 g.?5 5.?o2l ?70809 2.79 3.83 !.s2 o.zzs o.zse r.96 2.rs 9.rt ó.9?

2+ ?708:tl t.ó3 10.ó2 3.¡t2
-,,-lE ttoqor I ¿6 rs^qo t-nt

26' ?70905 l.4z lz.3ó 3.¡t9 0.19t-0.244 3.08 s27 770900 3.{6 t1.66 3.t{ o.t9t 0.244 3.15 5.oo 9.g2 ..Elzn ?toq2¡ l5^¿r ro-¡r r-oo o-r8! o-z¡o ¿^¡3 r^ro to-ll¡ Á r^

2.5ö
I .00

29 71092a 0.?5 8.ó8 1.92 0.ts3t0 770925 0.79 ?.3t l.?{ 0.1?str ttiorT ti -6t q^¡6 t -oo o l5g

0.200
0.200

r¿ rrroJo ll.5' lt.ts 1.00 0.152 o.z?.5 4.99 5.{3 tt.o'- 5.57

0.248
0.2{e

u,zöu 3
0.260 I

3.79
l.{0

DEF IC I1

_7 ^52

2.33 t.97 9.02 ?.05
3.56 3.58 8.93 5.35c nt 3-0t n-tß r !ß

70
89

l.2O 3.92 0.75 t.8¡
3.t3 2.26 8,75 6.{92 72 ì-ol n t( ß râ

s lun¡Tlnx rlr¡?rilr

7.10
1.9t

DISS.OXTG. DTSS.OXTG.

l¡ ßl , ño

0.200

r.23
2.t7

2.84 2.76 8.Se 5.02
1.20 t.a,r 8.?5 1.rz
?^ß(¡ t-ôA q rr . Gã

0.2¡¡8
0.248

9. 6l
9.6t

9.02
9. 02

2.20
7.0ó

0.2¡lo 3.50 3.t8 to.o3 6.55.0.23ó 3.,18 2.94 10.26 l.lZ
0-229' ¿-oo t tt t^ tr

t.29
2.8t

8.7s 6.55
0. t2 l. t6

2

2.51
7 .ol

-16 ß-qn a.t

t.?9
6.85

5.87
4.89

CALIBRATION & SENSITIVTTY

RTTN NO ?

9.61
9.61

+

l.7a
a.7 t

KI = 0.23 B.O.D.' = I.O
K2 = 0.175 D.O.D. = t. O

I

o\
P
I

U¡
I



RESUT,IS DISSTILVED OXYGUN EACH É:VENT
EVENî ¡ìÂ'rE 1N',t'EttvAt. tNflrÀt, tNIÎfÂ1, Kt _

YYUMDD

2
3
I

770505
7?0514
t?05r I

5
6
z
I
9

to

770526
770528
77l)q?a

DÀYS llrìl)tltrT

770329 0.88
?70610 ll.ó3
77îrtl2 2 -¿6

1l
t2
t¡

0.46
9.42
1- ¿¡6

1a
l5
t6

770617 4.50
770630 13.08
7107fJ) ) ^tl

8.50 1t.20 1.00
2.00 3.79 I .97o-rn q ¿6 l r

??0705 3. 13
7107t3 7.79
t?otro tÁ-ár

l7
t8
i!¡

18.75
4 .'14

I r ^tr?

20 7?0806 2.29
2t 770809 2.79
2' 77îArS i S^át

7707 30
770802
??of,oa

rt. o. ngF

23
2t
74

3.80
9.22
n- q

2.62
I .00
l^25

770829
7?08 3 I
??ô0ôl

26
27
2A

0.54
t.L7
I ^?t

9.3:t
5.29
Á-¿o

29
t0
It

770905 t.a2
??0908 3.a6
,7at92a t4 - a,a

3. ¡18

18.12
ñ-Án

0.200
Q.200
o-2ro

1.57
1.00
? - ¡n

77092t 0.75
770923 0.79tttntt tr Ál

t2

o.230
0.230
oJ30

l.a2
I .63
t-¡ß

6.02
2.08
¡l-fq

l.8l
r .00)ô^

771030 13.58

0
0
o

6.96
3.8 3

lr,aa

'tIr,rF:-nAYs

o. 210
0.235
() tÀÂ

2.25
I .00
I ñn

67
67
?s

0
0
o

l a.0¡l
10 .62
tt oô

0.246
o.246
õ tLÁ

75
7s
75

1.52
1. ¡t6
1 2t

0
0
n

o.246
0.270
n rqn

4.77
4.¡lJ
t -qa

12.36
11.66
tn qt

1.63
2.0t
I fìrì

75 1.26
76 ¿1.44
to ? ÁÊ

DEFICIT

0
0
ô

4.50
2.8,[
¿^ot

0. 258
0.2¡16
ñ t^a

8.ó0
7.3t
¡9ß

t.8 7
3. ó8
act

79 3.97
79 3.99?o¡rô

0
0
n

o.2q6
a.225
n ,nq

t7.15

19
85
n9

I .66
2.3s
q - q2

t.7 3
3.60
I în

__ÃÀÎ.uRÀft

0
0
ô

DI SS. f.rx YG.

0.2o0
0 .200
n loÁ

2 .00
I .81

a2 3.65
79 2.14
to ¡ ?ô

5. l3
2.60
) -al

0
0
o

0. l9t
0.19t
ô I cl

2.12
4.25
¡oô

2.36
4.33
¡ to

79 3.82
14 2.84
íqioo

I .00

o¡l_ltlltt rilx
DI S.S. OX YG.

0
0

9. 6l
9.61

0.181
0.175
ô I ßô

67 ¡1. 12
67 3.78
3a I tt

4.82
2.72
t tt

0 . l6¡l
0.16¡l
ñ I ßt

9.O2
9.O2
o n2

0.1s2

2.70
I .50

0
0

9. 02
I .93
o tÊ

0. 9s
1 .?.6

62 4.5?
59 ¡t. 59
CÁ 

' 
t.

3.31
I .69
t :t

0. ?5
8.t5
o tÊ

0.152

¡1. 09
{. 06
( 1^

3.90
6.¡û3
ß te

3.73
2.62ß ¡ß

I .75
8.12

6 .6ó
t.60

7.19
5.98
t tE

8.58
8.?s

6. 20

3.93
6.03

6 .58
6.25

8. ?5
9.lt

6.05
-0.08

4.26
3. 60

9.61
9.61

5.25
?.06

6.70

-l¿. 1

9.82
9.82

5.02
ó.{9

l0.0t
10.26

2.2t
¡.62

I1.00

1.23
3 .56

RUN OO4

5.?8
6.67

FÏNAT, CALIBRATION

t. 30

T(l = O 2?

R2 = 0.26
R-ô Fì -- =

I
H
o\
¡\)
I

.---
D.O.D. = 1.0

ln



RESU¡¿ÎS DISSOT¡YED OXTGEN EACH EYEI{T

? 70 505
7?05 t a

77 0526
?70528

770529 0.88
770ó10 tl.ó3

lt 770705
t5 7707tt

?7 06t7
7706 30

17 770?30
l8 7?0802

7 ?0806
770e09

2.4t G.200
I . 00 0.200

7709?9
7708 I I

26 770903
27 770908

?9 770921
30 770923

0.230
0.230

771030 I ¡.58

0.420
0.{20

o.230
0.235

1I HE-DAYS

0 . ¡140
0. {¡[(,

I {.0t
10,62

o.246
0.2¡16

0. 4 ¡10

0 .44{

t2,36
11.66

0.246
0.270

DEFICI T

o. ¡l5l
0. a51

0.258
o.246

l?.r5

0.2a6
o.223

DISS. OXYG.

0. {51
0.43?

0.191
0.191

0.420
0. {20

0.183
0.175

0.¿il3
0.{13

DI SS. OXTG.

0. ¡roó
0. ¿¡00

CAIIBRATION E SENSTTTVITY

KI = 0.23 B.O.D.rr = 1.0

I
ts
ot
(^)
I



RESULTS DISSOLVED ÚXYGEN FACH EVT:NT
EvFN.¡ pÂÎF INTFRVA|. rNrTrÀr. lNrîÎat. Kt x2 ctultca¡. cRrTlcÀt. SaTüRÂIION _ltIlylillü_.-.-vYl'lrlDD DAYS Blll)lll,T D.n.DUF TIMF -DAYS DEFICIT DIss.nXIG. Olss.oXfC.

S-¡t l ñô277o505o.4ó19.492.56o.?0orlJil3.l4a.zl9'6l
3 7?0511 e.42 5.72 t.oo 0.2oo 0.t34 z.go t.gz 9.61 ?.óBa 77O5r8 t_ôÁ l?^Áe t^t? o-?to o^tso I oq a-to 9-o2 ¡l a,5 770526 8.50 lz.o8 1.00 0.230 (.r.350 1.13 3.8ó6 770525 2.o0 4.ó4 1.81 0.230 0.J50 l.61 z.rt7 t?o528 0-f8 6^rl I _2r o^2ro o- t50 2-6r ,-2r
8 770529 o.88 a.52' l.5l 0.230 0.350 t.9o t.gz9 ??0610 tt.63 lo.l8 l.oo 0.235 0.353 3.02 ¡.¡rlO ?7O6t2 2-¡¡6 o-?t t rO 0-r¿6 O^ìS¡ 2-t? ¡ Sq,

I 1 770617 {.50 10.05 l.a9 0.246
l? 770630 13.08 6.26 l.o0 0.2.¡6
I r 1toto2 2- I I ?^nn I -nß 0-r¿6
t{ 770703 3. r 3 {.07 t.06 0.246
15 770?tl 7.79 t9.20 1.00 0.270i6 ?to?ro tá-6¡ á.¡Á r oo 0-250
t7 7?0?30 0.5a ó.88 1.52 0.2s818 770eo2 3.17 2.94 t.!2 0.246te ??Onô¡ r-rt q-"t t-t? o-?!,f,
20 770806 2.29 7.ô3 1.4? 0.246 0.358 2.532t 770009 2.79 t.52 t.?3 0.2?5 o.3t? l.traaz t?oBz5 ts-¡? r r.¡t t -oo o^ro5 0_r!6, ¡-¡o
2t 710829 1.r2 l{.ót 2.92zl ?70831 1.63 ll.ll r.27
"q 

t?oeol r-aß rÁ tn 2-l¿
26 770905 t.t2 t 2.00 ¡.35 o. l9l 0.32S27 7?0901 3.t6 t2.o6 2.î2 o.tgt 0.320r8 ?70a"1 r5-tr r l -¡¿ l-oo o-le! o-ara
29 77092a 0.75 9.50 1.93 o. ts3 0.323t0 ??0925 o.?9 8.05 t.?s o.l?5 0.3t8
ir t?rort tr _61 6-ßa r _oo o-lse 0^308t2 7?1030 t3.5S t8.ll t.oo 0.t52

i(l = 0.23 B.O.D.', = 2.0

0.358
0.358
o-rin
0.35I
0.3?0
o-r6a
0.364
0. 358
o ¡qß

0.200
0.200
o lqá

2.72
2.67
2^al .

1.26
2.96
2-6ì

0.33{ 2.76
0.3t¡t 2.19

2.35
I .30
2-ìe

9.02 5. tó
9. 02 6. 9l
9^O2 6-?ß

3 .53
2.23
) -at

o^ì¡ I

9.02 ?.t0
8.93 5.59

-ß^ts 

6 rn

2.0s 8.?5 6.?0
ó.3t 8.a2 z.tt

8.?s a.22
9.75 6.52
¡ t¡ ß ot

t-at q ¡n
2.66
r.t7
2 -ñl

0.303 4.19 ¡f.80 ll.o0 6.20

1^ O(
2. {3
2 .60

2.81 8.75 5.9a
z.Ot 9.lt ?,09¿^Ot ¡¡-i¡ !t ¡r

8.58 5.92
8.75 7.29
t tß a aC

l-56

{.69 9.02 5.13
1.27 9.82 5.5a
l-¡t io-ol Á ßß

2.85 3. I 9 10.03 6.8{
2.8t 2.70 10.2ó ?.56
,1-15 2^Aa rn-rq n rn

5.05 9.61 a.56
a.3o 9.61 5.306arorl^r,

3aa

IJ{l

RUN 006

CALTBRATION & SET¡SITIVTTY

I(2 = 0. 35

I
F
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I

D.O.D = 1.0



RESULTS DISSOIJYED OXYGEN EACH EVÈNÎ

770505
7?05r{

77 0526
7lo52S

770329
??06t0

ll 770617
t2 770630

0. 46
9.42

lt 770705
15 7707tt

BTID('LT

8.50
2,00

t7 7707to
l8 ?70002

0.88 {.15
It.ó3 9.?2

19.18 2.09
4.74 1.00

20 7?000ó
2t 7?0809

{.50
13.08

11.20
¡t. 07

D. fì. nuF

23 770829
2t ?70s31

26 7?0905
27 770900

9.59
5.29

?9 770921
30 770925

3. 97
18.32

0.148
0.148

2.29
2.79

0.170
0.r70

r.12
l.ó3

771030 13,58

0.334
0.334

T I lrl.:-lìAYs

0. 150
0. 350

l{.86
ll.9l

0.182
0.182

0.7s
0.79

0.350
0.353

13.82
12.77

0.182
0,200

3.59
2.12

DEFICIT

0.3s8
0.358

0.l9t
0.182

3.¡tó
l.1s

0.358
0.370

0.182
0.tó6

1.7ó
3.29

DI $S. OXYG.

0.148
0. I ¡18

2.99
2.69

o.358
0.34?

0. 141
0.1{l

1.07
1.34

0.334 3.1ó
0.33¡t 2.57

2. s3
-0 .29

9. 61
9.6 t

0.tt5
0.129

DISS. OXTG.

9. 02
9.02

2.79
I .35

0.323
0.3t8

9.02
I .93

{ .60
I .20

2.00
I .20

8.75
8.?5

6.00
7. ¡lo

2.20
1.61

8.75
I.t2

3.r3
3. 0¿t

?.5 3
6.37

a.t3
3 .61

5.93
7.t¡

3.99
3 .6ó

8.?5
9.tt

7.09
l.3r

2.16
2.t2

9.61
9.61

6. 59
7.55

9.8 2
9. 82

ó.55
7.51

10.03
lo.2ó

5. a8
5.99

5.03
6. l5

? .50
0.ta

KJ. = 0.I7

I(2 = 0.35

B.O.D¡.- E 1.0

I
H(¡
(tl
I

D.O.D. = t.0



RESULTS DISSOI,VED OXTGEil EICH EVENÎ
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0.376
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DEFICIT

0. J58
0. 358
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0.37 0

0.376
0. 3{3
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0.3s8
0. 3¡t7

0.95
2.4t

0.334
0.33/t

o.219
0.266
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0.328

DISS.OIYG.

0.323
0.3t8

I
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I I l7tltrl7 4.50 t 0.05 t .65
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13 ,70?02 2.¡t ó.83 t.eu
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l 7 77r.)7 rO u.54 6. 1 8 t .48 0.258 U. ¿7 t ?..85 2 Jl8 ?7u802 J.l? 2.34 t.3ó 0.246 u.266 t.4? r.50 O.?5 7.Zs19 ??0801 1.71 ¡r.U8 1.1ö 0.24ô 0.?60 Z.gJ 2-tg B-?s 6-EA20 ?7080ó 2.29
2t 770809 2.79
22 77082tr t5.67
23 770429 4.42 14.
2a 770831 l.6l lt.
25 ??0903 .¡-46 ltt.
26 ??0905 l.{2
27 7?0908 ¡.{ö
2A 77092a 15.42
29 770924 u.?5 9.52
30 ',t10925 0.79 8.t2
31 ?7r0r7 2r.63 I ó.58
l2 771030

,_!'!_rc[rr_!8!]L!ç1i!, .!l_!1!-t(!,TluN r.rilrHU¡r'-r,AYs r'tf' t rl T- --u 
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4.?b Ir0I 9.61 I-s9

o.2Jt
0.235
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7

{
LI
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ù6 t.8c 0.225
J:t I .q!, 0. 2tr5

Q'2!¡6
o.'¿46
tt.246
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20 3.53 o.zo(t (,

22 2-92 Q.t96 0

Q. ¿6u
a.262
O Çzlrù

ll

l2.Bl
I J.4?

.5

1 r.28

I
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2.76
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o
0

0. l9l
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0.183
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1.

2.1 |
3.70
4. l0

O(r
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0.175

24ú
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24b

4.t9
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0.t59

0.244 3. I I
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l.04
2.az
4.04
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0.2¿10
u.24o
o.'¿36
u -229

9.0 2
8.91
8-?s

J.2 t
2.44
3 .60

Ir. ?5
8.75

0. ¿25

5.23
¡-65

t .2l
2.25
4 -7A
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4 -27
3.57
1.56
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rr.l¡¡
5.12
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a .5ó
ó.{l
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4.99

5.54
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8.75 5.5{
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1.22
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9.82 t.28
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RESUl.',l'S l)ISS¡.ll,VF:u r¡XY(it, ¡ r.Ar:lr l.vt.ilt
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'{.1 __ t!4.
fY¡{M

¿ I l(trt)t (,.4rr ?¿.b6 ¿.7c 0.200 u.¿ttt,
J 770514 9.42 5.2'1 t.Oo r).2(,(l t.¿4g
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I ?7u504
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lt 7706t7 4.5o to.74 t.6u 0.?46
12 ?70óJO t1.08 5.70 1.00 0.?46
13 770702 2-r3 ?.07 1.94 0.246
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24 7?08¡l r.ó3 ll.s2 t.62 0.20025 77o9ol J^.ó 16-53 3.05 0.196

I ùu

28 ??092a t5.r2 1r.90 1.0(l

26 770905 1.42 I J.3t
27 7?0908 3.¡16 t{.75
29 77a92a o.75 10.20 2.06
30 7709?l o.7e 8.'r9 1.90
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Ál

tl .'ltlo

12 77 I 030 1 3.5R I 8.0f' t .00 O. t bz
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u.216 l.ó2 3.¡t5 10.2ó ó.8r
o.¿29 4.29 2-al8 ro-?s a t't
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RESUI,T.S DISSULVET) uXTGuf\r t:ACH UV¡jNT
EVENT DAÎE INTERVAI, INITT'\L TNITIAI, ÁI K2

YYql,lDD UAÍS h'll)lll,l t).tr.lì¿|.' 'It¡F:-r)Ayti
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7 770528 0.-t8 4-b8 t.lA
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2t 170829 4.42 t r.54
24 770831 1.63 8.88
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0.2 JO
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0.2J5
o -246
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0. ¿6rJ
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t3

o.246
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cR tTtcAt
D¡,F r(:I1'

_{r-15

l{
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0.258
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0-246
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2.75
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RESULlS OISS(ìLVED UXYGÈ:N EACH FJVUN'T

EYENT DÀfE INÎERVAL INITT AL ¡ N¡ÎIAI,

¡

T Y H itDl)
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