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ABSTRACT

The 5-day biochemical oxygen demand (B.O.D.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.) levels in the Red River, at Winnipeg,
Manitoba, and to predict the effects of various pollution
control strategies, such as wet weather flow treatment, dry
weather flow treatment, and low flow augmentation, on the D.O.
levels of the Red River.

The Storage Treatment Overflow Runoff Model (STORM) was
used to predict B.0.D.g loadings in urban runoff for 1977.
These loadings were input to a computer based planning level
river quality model developed for this study, using the
Streeter-Phelps formulations to predict minimum D.O. concen-
trations in the Red River. The effect of continuous discharges
were examined using a dry weather flow model. Both models were
calibrated to measured data.

The wet weather flow model predicted that the number of
violations during 1977 of a minimum D.O. of 5 mg/L are 12, 5,
2, and 1 for existing conditions; 25% treatment of combined
sewer overflows (C.S.0.); 50% treatment of C.S.0.; 75% treat-

ment of C.S.0.; and 50% treatment of all wet weather flows




iii.

respectively. It predicted that there would be no change in
the number of violations if the river flows were one-half 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 the average minimum
D.0O. 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/L.
The treatment of wet weather flows will reduce the number of

violations of a D.O. concentration of 5 mg/L.
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EFFECTS OF URBAN RUNOFF
ON THE DISSOLVED OXYGEN RESOURCES

OF THE RED RIVER AT WINNIPEG, MANITOBA

1. INTRODUCTION

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 receiving 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. Precipitation falling on urban areas becomes
contaminated as it passes through the air, contacts urban

surfaces, and mixes with deposits in sewers. The polluted



storm water finally discharges to the receiving stream.

In terms of 5-day Biochemical Oxygen Demand (B;O.D.S)
the strength of combined sewer overflows is approximately
one-half the strength of untreated municipal sewage.(l)*
Separate storm discharges have approximately the same B.O.D.5
' (1)

concentrations as treated municipal effluents. 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 population. The result
is that receiving water quality is degrading even though |
millions of dollars are being spent on treatment 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 dry weather and wet weather pollutant discharges. 1In the
United States, development of such comprehensive plans are
required under law (P.L. 9200) prior to the allocation of

(2)

Federal funds for pollution control facilities. Canada is

heading in the same direction.(B)

* The numbers in parentheses in the text indicate references
in the bibliography.




l.2. REASONS FOR THE STUDY

Most of the concern with a sewerage system relates to
the impact of the discharge of wastewater to the receiving
stream. The location of Winnipeg, Manitoba on the confluence
of the Red and Assiniboine Rivers, as 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 sewage loadsf4)
The first crisis was in the early 1930's resulting in the
installation of interceptor sewers and a primary treatment
plant. 1In the early 1960's, the quality of the Red River had
again degraded to a crisis point, that resulted in a 1l0-year
program(S) to provide secondary treatment of all continuous
discharges, ending in 1974 with the opening of the South End
Water Pollution Control Centre. The City of Winnipeg is
committed to preservation of the quality of the rivers.(s)

The City currently directs its complete pollution
control budget to the collection and treatment of continuous
dry weather flow discharges. However, the adequacy of the
existing pollution control program is unknown under the
following conditions;

1) low river flows where the assimilative

capacity of the river is low; and

2) wet weather conditions, when pollutant

loadings from combined sewer overflows

and storm sewer discharges are many
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times greater than that discharged from

the treatment plants.

Althngh no fish kills have been reported in recent
years, it is possible that the oxygen reserves of the river
may be depleted during these conditions, resultihng in injury
to aquatic life.

In addition, the direction of future pollution control
efforts in Winnipeg 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 treatment" 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 Winnipeg on the quality of
the Red River, using dissolved oxygen (D.O.)

as the quality parameter;

2) to determine the effects of various pollutant
control strategies on oxygen levels in the
Red River at Winnipeg including;

a) dry weather flow treatment,

b) wet weather flow treatment,



c) low flow augmentation of Red River

flows.
1.4. STUDY AREA

The City of Winnipeg, the capital of Manitoba, has a
population of 560,000, approximately one-half of the popula-
tion of Manitoba. The City of Winnipeg has both combined and
separate sewer systems as shown in Figure 2. The older
central area of the City is served by combined sewers. The
dry weather flow and a nominal fraction of the wet weather
flow is diverted to an interceptor sewer which conveys the
sewage to the NEWPCC treatment plant.- All wet weather flow
in excess of the 2.75 times dry weather flows overflows 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

(6)  the city of

been built using the separate sewer system.
Winnipeg has approximately 16,000 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.

1. The Storage Treatment Overflow Runoff Model 'STORM'(7)
was used to generate estimates of pollutant washoff from the City
of Winnipeg 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, September, and October of 1977. This was the
first year in which comprehensive dissolved oxygen measure-

ments were available for the Red River.(g)

2. A computer based model was developed using the Streeter-
Phelps formulations to model the B.O.D.-D.O. relationships.
This model was used to predict minimum D.O. levels for each
rainfall event. A dry weather flow model was developed for
analysis of continuous discharge of sewage treatment plant

effluents.

3. The wet weather and dry weather loadings were developed
for various pollution control strategies and the frequency
of minimum dissolved oxygen levels were predicted for wet
weather and dry weather using the river quality models. The
specific strategies investigated were:
1) no treatment of dry weather flows;
2) primary treatment of dry weather flows;
3) secondary treatment of dry weather flows
(existing conditions);
4) advanced treatment of dry weather flows;
3) minimal treatment of wet weather flows (existing
conditions 2.75 x dry weather flows);
6) 25% B.O.D.5 removal of combined sewer
overflows;
7) 50% B.O.D.5 removal of combined sewer

overflows;



8) 75% 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 allow evaluation of low flow augmentation using water
diverted from another source (e.g. Lake Manitoba), as a

pollution control strategy.
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2. LITERATURE REVIEW

2.1. EFFLUENT AND STREAM STANDARDS

Wastewater 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
growth of plants or organisms and/or have undesirable aesthetic
or health effects on downstream users. Wastewater can contain
bacteria 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 concentration limit of for
example 30 mg/L B.0.D.s was required. This method of regula-
tion is known as the "best practicable technology" approach (10)
and is currently used by the Federal Government in their

(3) Proponents of this

guidelines for Federal installations.
approach argue that this is a reasonably achievable standard
and provides for the minimal practicable discharge of pollu-
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 is referred to as the "best resource allocation

(10

)




approach.

-11-

The Province of Manitoba has proposed surface water

. . ‘e . 10 .
quality objectives and stream classifications ( )con51stent

with the resource use approach. This approach has been taken

in many states in the United States.

(11)

. . 10 . . .
The objectlves( ) recognize six use categories for each

stream as follows:

1)
2)
3)
4)
5)
6)

domestic consumption;

fisheries and recreation;
industrial consumption;
agriculture and wildlife;
navigation and waste disposal; and

other uses.

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

classes.

For example, under the principal class 1, domestic

consumption, the following sub-classes are defined:

1A:

1B:

1C:

1D:

Stream reaches are classified according to each

‘Raw water meets Canadian Drinking Water

y (12)

Standards (C.D.W.S. with no treatment;

Raw water will meet C.D.W.S. with disinfec-

tion;

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

tional treatment; and

Raw water will meet C.D.W.S. with advanced

treatment.

category.
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For example the Red River is classified as shown in Table 1.

TABLE 1.
STREAM CLASSIFICATIONS - RED RIVER

Reach Classification

U.S. Border to
Winnipeg South Limits

1B, 2C, 3B, 4A, 4B, 5, 6

City of Winnipeg - 2C, 3B, 4A, 4B, 5, 6
Winnipeg North Limits to
end of recovery zone - 2C, 3B, 4A, 4B, 5, 6

Recovery zone to Lake
Winnipeg - 1C, 2B, 3B, 4A, 4B, 5, 6
Limits are set for a range of constiuents under each
such-category, including D.0O. and fecal coliforms, and based
on knowledge of water quality criteria from standard
references.(ll)(lz)
A major criteria of interest in sanitary engineering is
dissolved oxygen. Inadequate dissolved oxygen may lead to an
undesirable environment for fish and other aquatic life. 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 S

B.0.D. interpretations common for a stream are shown in Table 2.
2.2. CHARACTERISTICS OF URBAN DISCHARGES

Sanitary Engineers have recognized the characteristic pollutant
loads in municipal sewage 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
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TABLE 2.
IMPORTANT D.O. VALUES AND B.O.D.
INTERPRETATIONS (10) (11)
Dissolved Oxygen
vValue
14 mg/L Saturation at 0°cC.
8 mg/L Saturation at 24°cC.
5 mg/L Minimum for trout species
Typical Stream Standard
4 mg/L Minimum for pickerel
2 mg/L Minimum for rough species
0 mg/L Anaerobic Conditions - Odours
35% -~ 100% Manitoba Objective - Class 2C
Saturation (Red River, Winnipeg Recovery Zone)
B.O.D.5
1 mg/L Very Clean Stream
2 mg/L Clean Stream
5 mg/L Doubtful Quality
10 mg/L Bad - will likely result in

significant depletion

Stream Standard

5 mg/L Typical Stream Standard for
Minimum D.O. minus B.O.D.5
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Columbia, U.S.A., separate sewers were installed in new areas

(13) The widespread installa-

of the City beginning in 1890.
tion of separate sewer systems did not begin until the 1950's,
and in Winnipeg after 1961.(6)

Sewer separation in older combined areas was thought to
be the best solution to the problem of combined sewers. More
recently there has been a realization that separate storm

sewers also carry significant pollutant concentrations. The

result is that sewer separation as an abatement strategy is

being replaced by a wide range of alternatives including source

(1)

control, storage and treatment.
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

(13)

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

updated in 1977,(14) represents average values for 2,500
separate sewer samplings and 2,200 combined sewer samplings 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 1969 to 1971.

(15) (16) are shown

The results of more recent sampling programs
in Table 4. These are compared with results of tests at the

North End Water Pollution Control Centre (N.E.W.P.C.C.).



TABLE 3.

CHARACTERISTICS OF URBAN DISCHARGES 13 (14)

_g‘[_

Total Total Total
B.O.D.5 S.S. Coliforms Nitrogen Phosphorous
mg /L mg/L MPN/100ml mg/L as N mg/L as P
Untreated Municipal 7
Sewage 200 200 5 x 10 40 10
Treated Municipal
Sewage
Primary 7
Effluent 135 80 2 x 10 35 8
Secondary 3
Effluent 25 15 1l x 10 30 5
Combined Sewage 6
Overflows 115 370 5 x 10 11 4
Separate Storm 5
Sewer Discharges 20 415 4 x 10 3 1

Background Levels 0.5 - 3 5 - 100 - 0.05 - 0.5 0.01 - 0.2



TABLE 4.

CHARACTERISTICS OF URBAN DISCHARGES AT WINNIPEG

B.O.D.5 S.S. Nitrogen Phosphorous
mg/L mg /L mg/L mg/L
N.E.W.P.C.C. (City data)
Raw 294 317 36 6.8
Final Effluent 46 46 24 2.9
A
St. John's Polson (16} T
Munroe Combined
Districts _ 14 - 191 120 - 720 8 - 23 1 -4

Southdale, Baldry(15)
Separate Systems 12 578 5.3 1.5
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2.3. URBAN STORMWATER QUANTITY AND QUALITY
MATHEMATICAL MODELS

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

(3) The model is a

typical model is shown in Figure 3.
representation of the physical phenomena. Moré complex mathe-
matical models are computer based since a large number of
computations 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 Statesém This model technology has

been adopted by Canadian engineers.(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,

(3)

design, and operational control.

a) Planning models are used for overall assess-

ment of the urban runoff problem. Even if
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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 predictions and actuate controls to
optimize the system response during an

event.

Planning models are typically used to analyze a large
number of events 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 required to gain confidence
in the results. These steps increase the reliability of the
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 computation, 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 analysis 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.

Verification involves testing the calibrated model on a

separate data set to insure it is not biased.

2.3.2. Urban Stormwater Models

(3)

A recent study for Environment Canada identifies
eighteen urban runoff models. The characteristics of eight
of the more widely used urban runoff models are shown in

(3)

Table 5.(2) Of these, the Canadian Government has selected
a design model SWMM and a planning model STORM as most suited
for Canadian conditions. These models are the most widely
used and best documented of those studied. They are being
continually improved and updated through the U.S.E.P.A.

(swMM) and the Corps of Engineers (STORM). SWMM is described
briefly below. STORM is described in detail in Section 2.4.

since it is the model selected for use in developing pollutant

loadings for this thesis.
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2.3.3. SwWMM

The Storm Water Management Model (SWMM) is a comprehen-
sive "single-event" urban runoff model first released by the
U.S.E.P.A. in 1971.(17) The latest release SWMM 7 was issued
in November of 1977.

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-

(3)

ments. SWMM quantity simulations are considered accurate
enough for design purposes. SWMM quality simulations are
able to produce pollutant concentrations and loadings within
the same order of magnitude as measured values. This lack of
accuracy in quality results as compared to accurate guantity
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 LSTORM)(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,

. overflows to the receiving stream.

The model operates with an hourly record of precipitation
and temperature, which may extend over a large number of years.
The 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 in 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 supplied. 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 capacity 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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(7)

2.4.1. Quantity

The

quantity algorithm is easily represented pictorially

as in Figure 6. The Runoff quantity is calculated using the

following equation:

where,

The

r =C (P - £f)

runoff in inches per hour;

composite runoff coefficient dependent on
land use;

rainfall/snowmelt in inches per hour;

available depression storage in inches.

composite runoff coefficient represents losses due

to infiltration and is computed as follows:

The

follows:

C=0Cp + (C - Cp)

runoff coefficient for pervious surfaces (0.20);

runoff coefficient for impervious surfaces (0.90);

area in land use "i" as a fraction of total area;

LLIE

fraction of land use "i" that is impervious;

total number of land uses.

depression storage available, £, is calculated as

f=£f 4+ N_ k ; f<D
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where,
fo = available depression storage in inches, at
end of previous event;
N, = number of dry days since end of previous

event;
k = pan evaporation rate, inches/day;

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) = ADWF x DVAR(I) x HVAR(J)

where,
DWF(I,J) = dry weather flow, day (I), hour (J);
ADWF = averagde dry weather flow 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 Manual.(7)

The quantity of the system overflows are computed for

each hour by:

runoff overflow (inches);

©
I

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

DEFAULT VALUES FOR RATIO OF DAILY FLOWS
TO AVERAGE - STORM

Daily Flows

Day Ratio
Monday 1.08
Tuesday 1.04
Wednesday 0.92
Thursday 1.03
Friday 1.00
Saturday 0.96
Sunday 0.95

TABLE 7.

RATIO OF HOURLY FLOW TO AVERAGE
HOURLY FLOW - STORM

Hour Ratio
1 0.6
2 0.5
3 0.5
4 0.5
5 0.5
6 0.8
7 0.8
8 1.4
9 1.5
10 1.5
11 1.4
12 1.4
13 1.3
14 1.3
15 1.3
16 1.2
17 1.2
18 1.1
19 1.1
20 1.0
21 1.0
22 0.8
23 0.7

0.6
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rate in inches/hour; where there is excess
treatment capacity, stored quantities are
treated; and,

Q.. = runoff stored (inches); this is added to

the existing storage until 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:

DDL = ddL (GL/lOO) AL
where,

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

dd = rate of accumulation in pounds/day/100 feet
of gutter;

G = feet of gutter per acre;
A = area in acres; and,

L = subscript for each land use.

If the number of dry days since the last storm is less
than the street sweeping interval, the initial quantity of

pollutant (say B.O.D.) is calculated as follows:

BOD BOD L D BOD
where,
PBOD = total pgun@s of.B.O.D. on land use L at
the beginning of the storm;
FBOD = pounds of B.0.D. per pound of dust and dirt;

2
1l

number of dry days; and,
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Poop = total pounds of B.0O.D. remaining after
last 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,

number of days between street sweepings.

N
S

A first-order wash off equation is used which is based
on a 90% wash off of pollutants in one hour when the runoff

rate is 0.5 inches/hour:

_ -KR
Mpop = Ppop e )
where,
MBOD = pollutant washoff pounds/hour;
R = runoff rate in inches per hour;
K = 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 pollutant
relationships. A typical pollutant relationship is that
B.0.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 gquantity 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.
Much of this data does not exist for a
particular city (i.e. pounds B.0.D.5/day/100
feet of gutter). As a result, the user must
use data collected in a few studies in a few

U.8. cities;

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

a) adjust surface loading rates to
account for deposition in the sewers,

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

depositions;

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;
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4) Street sweeping is important only if it is
as frequent as the storms themselves. The
street sweeping cycle starts again after

each storm.

2.5. RECEIVING WATER QUALITY 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 méjor input to the receiving water quality models
are the pollutant discharges from urban areas. In this
respect they are often used in conjunction withbmodels that
predict urban runoff quantity and quality. These water quality
models are a most important link in the chain of models used
for environmental assessment.

Table 8 lists the characteristics of several water

(2) The river quality models are generally

quality models.
composed of two sections: (1) hydrodynamic, and (2) 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, or lake, and the spatial
frame i.e., one, two, or three dimensional.

The kinetic section models the interaction of constitu-
ents, such as B.O.D5-D.O. in the stream.

River Quality models are further classified according

to time variability, that is, steady-state, or dynamic.




TABLE 8

WATER QUALITY MODELS (2)

Water Time

Spatial Miscellaneous
Bodies IVariabilityl Discretization
Modeledl :
- §
g8 g 3 @
Model e Sl3 ’ S e B8 Constituents
Origin Acronym 5 A I ne |™oe 84 Modeled
w v [H] Kal - ot o
g | B O 215 |4 §9 |25 |3a
o g =] g [=] [=] o g8~ b= = o~
v [ ] ) 3 ] o o ] Qo ot 4 i
Slalsl 205 J2(s|f |88 |8% (5%
wial 3} & & S &k |w Ad |OQ <
Environmental DOSAG-I . . . ' DO, BOD (Carbonaceous and nitrogenous)
Prot. Agency . '
EPA QUAL-II 2 BOD, DO, temperature, NH,, NO4, NO,,
‘ ' . . ‘ algae, phosphorus,benthic demand, coli-
' forms,radiocactive materials, 3 conser-
vative constituents,
EPA RECEIV Any six constituents, including DO,
' ‘ . ' ‘ BOD, conservative constituents and non-
. conservative constituents with first
) order decay.
R;aytheon (EPA) RECEIV-II BOD, DO, coliforms, nutrients, salinity,
‘ ‘ . . . conservative constituents, non-conser-
.‘ ' vative constituents with first order
. decay, chlorophyll a.
Systems Control SRMSCI BOD, DO, coliforms, excess temperature,
Inc. .‘ ‘ ‘ o ‘ . NH, NO3, NO,, OPO,, Cu, Pb, and two
conservatives.
ﬁater Resources WRECEV .' ' ‘ ‘ . BOD-DO (linked), any four coﬁaervat:lve
Engineers (EPA) ) or first order non-conservative.
Hydrocomp, Inec. HWQM - BOD, DO, coliforms, temperature, algae,
' i ‘ ‘ ‘ ‘ 3 . zooplankton, sediment, organic nitrogen,
g nutrients and conservative constituents.
Office of Water LAKECO Zooplankton, benthic animals, fish, pH,

Resources Research

O

nutrients, conservative constituents,
non-conservative constituents with first
order decay.

1. Stream models can simulate shallow, well-mixed impoundments.
2, Weather inputs may be dynamic.
3. Available for a fee.

_ve_
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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 time step may vary from a few
seconds to a day depending 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.0.D.-D.0. Interaction

All the models use some form of the Streeter-Phelps
(18)

formulations for B.0.D;-D.O. interaction. 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:

€ ) - K: L - - R -
¥ = K, (0.0.D.) ~Ky L-KN+P-R=-3B

where,

= = rate of change of dissolved oxygen content;

ot
D.0.D. = dissolved oxygen deficit (mg/L), C.,—C;
Cs = D.O. concentration at saturation (function
of temperature) ;

K, = reaeration coefficient (day_l);

L = ultimate B.0.D., concentration (mg/L);

K, = deoxygenation rate constant (day_l)

N = NH3 concentration expressed as N (mg/L) ;
K = nitrification rate constant;

P = overall rate at which oxygen is released

by photosynthesis (mg/L/day) ;
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where: K; = deoxygenation rate constant

K2 = re-oxygenation rate constant

Lg= BOD ultimate in inflow to system (mg/L)

Dg = D.O. deficit in inflow to system (mg/L )

N.B. Dq = saturation concentration - actual concentration
t = travel time (days)

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

*Note : Form shown only processes and boundary conditions mor_ked*
in diagram. Parameters are adjusted to account for effects
occuring in the stream and not included in the model .

Fig. 7 OXYGEN BALANCE AND THE STREETER - PHELPS EQUATION.
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R = overall rate at which oxygen is used by algae
respiration (mg/L/day); and,
B = overall rate at which oxygen is used by

benthic deposits (mg/I/day) .

Many of the parameters and "K" factors used in the above
equation are not known for most streams. Various procedures
are available to estimate these from stream characteristicé}&(l9)

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 NH; can be a major oxygen
sink. This is because it takes 4.57 mg/L of oxygen to oxidize
1 mg/L NH; as N.
In many cases only the first two terms of the equation
2C

are used as: ST = K2 (D.0.D.) - KlL

This equation is used directly for the dynamic models.

The steady state models use the integrated form of the equa-

tion: p.0.p. = ~iba [e‘klt - e7k2t | 4 py e7H2F
where, Ky-K1
t = time (day);
La = initial B.O.D., concentration (mg/l); and,

Da initial D.O.D. (mg/l).

This is the classical Streeter-Phelps dissolved oxygen

sag equation. The time of critical dissolved oxygen deficit

is given by:

- 1 K2 (Kz-'K ) Da
terit T Kk, I = U -2 L

1 K1 K;La

)

and the critical dissolved oxygen deficit is given by:
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La Kl
K2

Dcrit (E"Kltcrit)

The wvalues of Kl and K2 can be estimated from stream

(19) (20) as shown in Figures 8

characteristics or from graphs
and 9. The values of the reaction rate constants vary with

temperature. The following equation is used to estimate this

effect.
= T-20
R Kypoe ©'T%0)
where,
T = temperature; and,
8 = temperature coefficient.

Reported values of the temperature coefficient are shown in
Table 9 and Table 10 for reaeration and deoxygenation respec-
tively. It is important to note that these apply for a
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 its integrated form, the equation is

limited to a single source of pollutants;
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Temperature
Coefficient,o

1.047
1.0241
1.0226
1.020
1.024
1.016
1.016
1.018
1.015

1.008

TABLE 9

REPORTED VALUES OF TEMPERATURE COEFFICIENT 9(18)
FOR REAERATION RATE CONSTANT

Aeration

System
Channel

Stirred
Stirred
Stirred
Stirred
Stirred
Stream

Channel
Channel

Channel

Reference(18)

Streeter, et.al. (1936)
Elmore and West (1961)

Elmore and West (1961)
Downing and Truesdale (1955)
Downing and Truesdale (1955)
Downing and Truesdale (1955)
Streeter (1926)

Truesdale and Van Dyke (1958)
Truesdale and Van Dyke (1958)

Truesdale and Van Dyke (1958)



VALUES OF TEMPERATURE CORRECTION FACTOR,©

-42-

TABLE 10

(18)

FOR DEOXYGENATION RATE CONSTANT

Location

Boise River, Idaho

San Francisco Bay
Estuary

Temperature
Coefficient,®

1.02 - 1.09

1.075

1.047

1.047

1.05

Reference

Baca and Arnett, 1976

Lombardo, 1972

Chen and Wells, 1975

Chen, 1970

Crim and Lovelace, 1973
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this is overcome in dynamic simulations;

and,

4) in its integrated form, it assumes that
coefficients, river cross-section, velocity,
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
simulation planning studies where the iﬁvestigator is inter-
ested in analyzing effects of a large number of pollution
control strategies for a large number of storm events.

A planning type of river guality model has recently
been developed in the United States in recognition of this
gap in model technology and is expected to become available

from the U.S.E.P.A., in the near future.(l)
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3. METHODOLOGY

3.1. BASIC APPROACH

The five major phases of Stream Analysis, as paraphrased

(18)

from Velz , that form the structure of the approach used

herein for river guality modelling of the Red River, are:

l) determine waste loadings;

2) define hydrologic and climatic factors;

3) develop and calibrate river guality
model;

4) forecast variations in stream loadings
for various pollution abatement strategies;
and,

5) predict impact on river guality of various

pollution abatement strategies for a range

of stream flows. S

The water quality parameter chosen for gquality evalua-
tion for this work was dissolved oxygen in the River. The
approach can be extended to other water quality indices such
as coliform populations.

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) Wet Weather Flow

a) no treatment,

b) treatment of combined sewer overflows,
c) treatment of separate sewer everflows:

3) Low Flow Augmentation.

The sensitivity of D.0O. levels to ri&er flows was also
investigated which allows the evaluation of low flow augmen-
tation as a pollution control strategy.

The basic approach used is summarized in Figure 10.

The major output was a prediction of the minimum dissolved
OXyden concentrations in the receiving stream for the various
control strategies.

Low flow augmentation involves the control of the
minimum stream flow usually by addition bf water from another
source. For the Red River, this could be accomplished through
diversion of water from Lake Manitoba through the Assiniboine
River. (21)

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

mathematical models were employed. The programs used are

summarized in Table 11.
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Fig. 1I0. STUDY APPROACH
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TABLE 11.

PROGRAMS USED IN ANALYSIS

Name Description Remarks
STORM Storage Treatment Overflow Developed by U.S.
Runoff Model Army Corps of
Engineers (7)
LOAD Combines Urban Runoff Developed for this
Loadings and Sewage Treat- Study

ment 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 Weather Events

Dry Predicts 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
summarized on Tables 12 and 13.

Areas of 100 acres were 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 the City-wide average

(22)

as taken from a previous report. The runoff coefficients

and depression storage are typical values and were those

(22)

developed in the previous calibration. The low street




TABLE 12.

COMBINED SEWER AREA STORM INPUT DATA

0 inches

Axrea 100 acres Runoff coefficients - Pervious Area = 0.2
= 0.90 inches

Impervious Area

Depression Storage = 0.08 inches

Land Use and Pollutants
Washoff Decay Coefficient = 4.6

Gutter
Length Dust/Dirt Pollutant Percent of
Fraction /Acre Accum. Rts. Dust/Dirt
Percent Impervious Feet Ibs/100ft/day S.s. B.0.D.
Single 55.0 35.0 300 2,25 80 15
Multiple 5.0 60.0 430 6.90 80 15
Commercial 15.0 80.0 100 9.90 80 15
Industrial 10.0 50.0 60 13.80 80 15
Open _ 15.0 10.0 20 4.50 80 15

Street Cleaning Frequency - 5 days Efficiency - 0.20

Dry Weather Flow - 0.25 MGD Treatment Rate = 2.6 X DWF = 0.652 MGD (.01 in/hour)
Suspended Solids - 300 mg/litre
B.0.D. - 240 mg/litre

Base System Storage = 0.03 inches

Daily Evaporation Rate = 0.04 inches/day

_8?_



C.

D.

E.

F.

TABLE 13.

SEPARATE SEWER AREA STORM INPUT DATA

0 inches

Area 100 acres Runoff coefficients - Pervious Area = 0.2
= 0.90 inches

Impervious Area
Depression Storage = 0.08 inches

Land Use and Pollutants
Washoff Decay Coefficient = 4.6

Gutter
Length Dust/Dirt Pollutant Percent of
Fraction /Acre Accum. Rts. Dust/Dirt
Percent Impervious Feet ILbs/100ft/day S.S. B.0.D.
Single 55.0 35.0 300 2.25 70 0.50
Multiple 5.0 60.0 430 6.90 70 0.36
Commercial 15.0 80.0 100 9.90 70 0.77
Industrial 10.0 50.0 60 13.70 70 0.30
Open 15.0 10.0 20 4.50 70 0.50
Street Cleaning Frequency - 14 days Efficiency - 0.50

Dry Weather Flow (not used - separate area)
Base System Storage = 0.00 inches

Daily Evaporation Rate = 0.04 inches/day
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sweeping 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

(22) The

for the combined area were taken from the same report.
importance of using calibrated figures is borne out by the
fact that the accumulation rates are approximately three times
and the pollutant fractions are about thirty to eighty times
the values recommended in the STORM manual.(7)

For the combined area the small storage parameter (0.03
inches) used as a base was also from the previous calibration.(zz)
Conceptually, 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 Manual.(7)
However, except for B.O.D5, the accumulation rates were
adjusted sharply upward so that the pollutant concentrations
in the overflow approximated literature figures and City
measurements.

Another input to STORM is hourly rainfall records which

were 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 model.(z)C”(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 with measurements from the literature

and in Winnipeg.
3.3. STREAM LOADINGS

While STORM can be used to develop pollutional loadings
from combined and separate sewer overflows, it does not give
a complete picture of the stream loadings. It does not
consider treatment effluents and by-passes. In order to
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 results of
STORM with treatment plant effluents and by-passes as shown
in Figure 11l. The basic steps taken by the program are listed

below.

1) The STORM results for gquantity, 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 were on a per 100 acre basis;

2) The quality results are multiplied by factors
Ksgp and Kpomgrs Where calculated externally

as,
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Ksgp =

Kcoms = K1~ x K,
where,

Kl = ratio of B.0O.D. ultimate to
B.0,D.. (1.5 for B.0.D. reaction
rate cgnstant = 0.23);

K, = fraction of pollttant removed by
some unspecified mechanism; for
later use in evaluating effects

of pollutant removal on River
Quality;

S, ¢ = superscripts for separate and
combined respectively.

3) For each treatment plant specified, the flow,
by-pass and quality characteristics are read.
This data was available on a daily basis.

The program calculates the load per event as

follows;

n B

L= A 3 [K F, + KI F. t/24
. i i
i=1

where,
L = total load during the event, pounds;
n = number of treatment plants;
F = flow rate - MGD;
FB = by-pass flow rate - MGD;
Kl = ultimate B.0O.D. concentration in
final effluent, mg/1;
K2 = ultimate B.0.D. concentration in

by-pass flow;
t = duration of event - hours;

A = unit conversion = 10 lbs/mg/l-MGD.
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4) The stream loadings resulting are printed
for each event along with a summary 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 stream loadings for a different
pollution strategy. For example, for existing conditions there
is no treatment of combined sewer overflows and KS would equal
1. To model stream loadings for 60% removal of pollution from

combined sewer overflows KS would be revised to 0.4.
3.3.2. Input Data

The results from STORM discussed in the previous section
are a major input to LOAD. The second major input is the
records of plant flow and performance. These were obtained
from the City of Winnipeg, Waterworks, Waste and Disposal
Division who operate three plants, the North End, South End,
and West End Water Pollution Control Centres. The data
obtained were daily flow rates, influent 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 the 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 100 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.D5 is measured in the outfall

downstream of this by-passing, and therefore by-pass effects

are included.
TABLE 14.

AVERAGE OPERATING DATA -~ 1977
SEWAGE TREATMENT PLANTS

Daily Average

B.0.D. (mg/1)

Plant Type Flow - MGD Raw Final Effluent
North End Step Aeration 59.7 294 46
South End Pure Oxygen 8.9 293 39
West End Extended Aeration
Aerated Lagoons
Facultative 5.5 171 54
Lagoons

3.3.3. LOAD Program Listing

Appendix 2 includes a listing of the program.,

3.4. RIVER QUALITY MODEL - WET WEATHER

The 'STORM' program gave the B.0O.D. washoff for both

combined and separate sewered areas. This was combined with

the treatment plant effluents in 'LOAD' to develop the total

wet weather loading for each event.

In the river quality model ('RVRQUAL') initial condi-

tions were based upon complete mixing of effluents over a

reach of the River. The Streeter-Phelps formulation was then

used to account for B.0.D. and Dissolved Oxygen (D.O.) changes.

3.4.1. Basic Description

The River Quality Model developed specifically for this
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study can be divided into two major sections; (1) Hydrodyna-
mics (mixing model), and (2) kinetics (B.0.D.-D.0O. interaction
model) .

3.4.1.1. Hydrodynamics

The basic hydrodynamic model is shown in Figure 12. The
basic process in the model is described as follows. The wet
weather loads in terms of quantity and quality are assumed to
enter uniformly along a reach of the Red River. 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 initial concentration is calculated as follows:

VRiver + vRunoff

where,

La = initial ultimate B.O.D. concentration in
the River after mixing;

B.O0.D..= ultimate B.O.D. loading this event from 'LOAD' ;

L
B.O.D.U= ultimate B.O.D. concentration in the upstream
base flow;
V . = . .
River volume of water in river reach before the

runoff event as calculated from river evalua-
tion this event and cross-section; and,

VRunoff = volume of runoff this event from 'LOAD'.

The model included several intrinsic assumptions as
discussed below:
1) The River "stands still" while the LOAD

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 (.5 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 summer 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.

concentration as calculated in the model.

The model does not consider the effects
of continuous discharges. The model
assumes that the 'LOAD' comes in during
the storm duration and stops. This is

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
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be significant at the fringes only.

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 'LOAD' 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.0.D. remaining in the

reach from the first event.
3.4.1.2. 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 River.

The basic equations used in the model were:

1) p.o.p. =7%112 [ K1t - Kot | 4 pa o7Kat
Kz-Kl )
2771 K; K; La d
La K -(Kq) (t__..)
= 1 1 ]
3) D.O.D., tcrit %5 ( e crit’) ;
4) DeOeyyy = DeOegap = DeOeppp toii
5) K = X o, (T-20)

i,T 1,20 1 i
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6 Kyr = ¥3,20 0,720,
7) D.O.gpp = 14.652 - 0.41022T + 0.0079910 T2
- 0.000077774 T> ;
where,
D'O'SAT = Dissolvgd Oxygen Concentration -~ at
Saturation (mg/l);
D.O.DEF = Dissolved Oxygen Deficit (mg/l);
D.O.MIN = Minimum Dissolved Oxygen (mg/l);
Da = Initial Dissolved Oxygen Deficit (mg/1);
Ky = Deoxygenation Rate Constant (day_l);
K2 = Reaeration Rate Constant (day;l);
La = Initial Ultimate B.0.D. Concentration,
(mg/1) ;
T = Temperature (©C);
t = Time (days):
torie = Time of critical (maximum) deficit;
el = Deoxygenation Rate Constant - Temperature;
62 = Reaeration Rate Constant - Temperature.

Using these relationships, 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 RVRQUAL included:

1) results of 'LOAD' program;
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2) physical properties of the river; and,
3) biochemical properties of the river;

as summarized in Table 15.

TABLE 15.

INPUT TO RIVER QUALITY MODEL

1. "LOAD" Results for each event

. date, hour, duration
. total volume

. total B.0.D._. loading

U

2. Physical Properties of River

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.0O. deficit

. deoxygenation rate constant
. reaeration rate constant

. temperature coefficient

3.4.3. Sensitivity and Calibration

For the river quality model, sensitivity 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 constant; and,

4) reaeration rate constant.

Calibration data was taken from a 1977 dissolved oxygen
monitoring program undertaken by the City of Winnipeg on the

Red River.(8)

Specifically the measurements at Site No. 10, 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
area where.ithe 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 WEATHER FLOW MODEL

The wet weather river quality 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

significantly different from the wet weather flow 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 Description

3.5.1.1. Hydrodynamics

During dry weather, continuous discharges in Winnipeg
occur at the three main plants as shown in Table 14. From a

pollution point of view the 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 initial
planning level overview study.
The basic hydrodynamic model is shown on Figure 14.

The model assumed complete mixing as follows:

B.0.D.g Qg + B.O.D.p Qp

1) La = and,
% * 9
% * 9%
where,
B.0.D.p,B.0.D., = ultimate B.0.D. concentration in
River upstream and treatment
plant effluent respectively (mg/l);
Da = initial dissolved oxygen deficit (mg/l);
La = initial completely mixed ultimate B.O.D.

concentration (mg/l); and,

QR,QP = upstream flow in River (ft3/s§ and discharge
rate from treatment plant (ft°/s) respec-
tively.
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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. 1Input Data

Table 16. shows the input data required for the dry

weather flow model.
3.5.3. Program Listing

The dry weather flow model was programmed on a Texas
Instrument IT 58 programmable calculator. The Program Record

and Coding form is included in Appendix 4.

TABLE 1l6.

DRY WEATHER FLOW MODEL - INPUT DATA

1. River Data

a) Physical

. flow in river
. temperature
b) Biochemical

. deoxygenation rate constant

. reaeration rate constant

. temperature correction coefficients
. upstream ultimate B.O.D.

. upstream ultimate D.0O. deficit

2. Treatment Plant Data
. treatment plant flow
. ultimate B.0.D. of effluent
. D.O. deficit of effluent
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4. PRESENTATION OF RESULTS

4.1. URBAN RUNOFF - STORM

The results of the STORM Model runs are summarized for
combined and separate -areas in Table 17 for both B.O.D.5 and
S.5. 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 'LOAD'

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.0.D. loading to the stream, as summarized from the LOAD
program results for presentation purposes, are shown in Table
20. The total annual ultimate B.0.D. load to the receiving
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 guality model. (See



TABLE 17.

STORAGE TREATMENT OVERFLOW RUNOFF MODEL RESULTS
AVERAGE ANNUAL STATISTICS

Item Combined Sewered Area Separate Sewered Area

Quantity

1. Precipitation - inches 24.44 24.44

2. Surface Runoff - inches 9.94 9.94

3. Dry Weather Flow - inches 1.90 0.00

4. Overflow to Stream - inches 7.30 9.94

Quality B.0.D. S.S. B.0O.D. S.S.
5. Total Pounds Washoff (lbs/acre) 367 937 93 789

6. Total Pounds Overflow (lbs/acre) 180 647 93 789

7. Concentration (mg/L) 109 391 41 350

_.8 9—
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STORM RESULTS BY EVENT

Runoff B.0.D.5 Loadings/100 Acres
Inches Combined Separate
Year Month Day Separate Combined Pounds Pounds
1977 5 4 0.95 0.88 2078.00 763.00
1977 5 5 0.21 0.14 91.00 6.00
1977 5 14 0.15 0.09 379.00 101.00
1977 5 18 0.49 0.41 989.00 604.00
1977 5 26 0.67 0.62 1086.00 478.00
1977 5 28 0.09 0.05 92.00 27.00
1977 5 28 0.27 0.23 222.00 127.00
1977 5 29 0.08 0.01 17.00 20.00
1977 6 10 0.22 0.16 805.00 253.00
1977 6 13 0.40 0.28 520.00 239.00
1977 6 17 0.51 0.43 707.00 359.00
1977 6 30 0.13 0.08 397.00 163.00
1977 7 2 0.16 0.10 334.00 198.00
1977 7 5 0.07 0.02 102.00 70.00
1977 7 13 0.74 0.64 1663.00 1192.00
1977 7 30 0.11 0.06 466.00 86.00
1977 7 30 0.09 0.04 162.00 47.00
1977 8 2 0.05 0.01 46.00 35.00
1977 8 4 0.14 0.08 297.00 110.00
1977 8 6 0.24 0.18 466.00 221.00
1977 8 9 0.09 0.04 148.00 76.00
1977 8 25 0.14 0.14 1117.00 382.00
1977 8 29 0.32 0.26 958.00 515.00
1977 8 31 0.14 0.05 120.00 85.00
1977 9 3 0.35 0.30 1067.00 756.00
1977 9 5 0.25 0.18 206.00 65.00
1977 9 8 1.11 0.99 767.00 380.00
1977 9 24 0.46 0.36 905.00 412.00
1977 9 24 0.08 0.03 43.00 26.00
1977 9 25 0.13 0.06 69.00 43.00
1977 10 17 0.11 0.05 428.00 188.00
1977 10 30 0.25 0.18 1296.00 757.00
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TABLE 20.

STREAM LOADINGS
(Wet Weather)

Pollution Percent B.0.D. Removal

Control Totq} Load % 2 % Treatment
Strategy D.W.F. C.S.0. S.R. Run 10-Lbs. Combined Separate Plants
(i) Effects of D.W.F. Treatment During Events (Fig.4)
Status Quo 72% 0% 0% 002 9.62 73 22 5
Primary 30% 0% 0% 003 10.34 68 20 12
No Treatment 0% 0% 0% 004 10.85 65 19 16
Tertiary 902 0% 0% 010 9.32 76 23 2
(ii) Effects of W.W.F. Treatment During Events (Fig.5)
Status Quo - 72% 0% 0% 002 9.62 73 22 5
25% C.s.o0. 72% 25% 0% 005 7.86 67 27

50% C.S.0. 72% 50% 0% 006 6.10 58 35

75% C.S.O. 72% 75% 0% 007 4.34 41 49 11
50% W.W.F. 12% 50% 0% 008 5.05 70 21 9

_IL_
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Appendix 2 for sample results.)

4.3. RIVER QUALITY 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.

4.3.1. Sensitivity Analysis

4.3.1.1. Sensitivity to Baseflow Conditions

The sensitivity of the model to upstream baseflow
quality (B.O.D.U, D.0.) is shown in Figure 15. When the
initial D.O. deficit was increased form 0.0 mg/L to 1.0 mg/lL,
the minimum D.O. at the critical time were about 0.3 mg/L less
for each event. When the initial B.O.D.U was increased from
1.0 mg/L to 2.0 mg/L, the initial fully mixed La is also
increased almost 1.0 mg/L and the minimum D.O. are about 0.3
mg/IL. less.

4.3.1.2. Sensitivity to Deoxygenation
Rate Constant

The sensitivity of the model to variation in the deoxy-
genation rate constant (Kl) is shown in Table 21. and Figure

16.
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TABLE 21.
SENSITIVITY TO DEOXYGENATION COEFFICIENT

No. of Events
With D.O. Less Than

Run K1 5.0 4.0
002 .23 5 3
007 .17

008 .351

When K, was decreased from 0.23 day_1 to 0.17 day the
minimum D.O. increased from 0.4 mg/L per event to 1.0 mg/L
per event, and the number of violations of D.O. equal 5.0 mg/
L dropped from 5 to 3. When Kl was increased from 0.23 day_l
to 0.351 day_l the minimum D.O. dropped and. the number of vio-
lations of D.O. equal 5.0 mg/L increased from 5 to 12.

4.3.1.3. Sensitivity to Reaeration Rate Constant

The sensitivity to variations in the reaeration rate

constant is shown in Table 22 and Figure 17.

TABLE 22,
SENSITIVITY TO REAERATION COEFFICIENT

No. of Violations
of D.0O. Level

Run Ko 5.0 mg/L 4.0 mg/L
002 .35 5 3
003 .175 15 12
004 .26 12 5
005 .44 3 1

With the variations in K2 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 calibration 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 quality model runé
are summarized in Table 23. for:
1) effects of dry weather flow treatment
strategies;
2) effects of wet weather flow treatment
Strategies; and,
3) effects of low river flows.
4.3.3.1. Effects of Dry Weather Flow
Treatment
The effects of dry weather flow treatment strategies,
predicted by the model, are shown in Figure 19.
4.3.3.2. Effects of Wet Weather Flow
Treatment
The results of the investigation of effects of wet
weather flow treatment on dissolved oxygen levels is shown on

Figure 20.

4.3.3.3. Effects of Low River Flows
The model for existing conditions was re-run with one-
half of the measured River flows and the results are shown in

Figure 21.
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TABLE 23.

Treatment 'LOAD'

(N

* . p_‘
B O ~ a ;
z:uingﬂ'gﬁgé’g
PurEose n ) ) 8 e 00 oo

(i) Effects of D.W.F. Treatment During Events
Status Quo 725 0% 0% 002 9.62 73 22 5
Primary 30% 0% 0% 003 10.34 68 20 12
No Treatment 0¥ 0% 0% 004 10.85 65 19 16
Tertiary 90% 0% 0% 010 9.32 76 23 2

(ii) Effects of W.W.F.

Status Quo
25% C.s.0.
50% C.S.O.
75% C.S.0.
50% W.W.F.

(iii)

Status Quo .

3 River
Flows

72%
72%
72%
72%
72%

72%
72%

0%
25%
50%
75%
50%

0%
0%

0%
0%
0%
0%
0%

0%

0%

Treatment During Events

002
005
006
007
008

002
002

9.62
7.86
6.10
4.34
5.05

Effects of Low River Flows

9.62
9.62

73
67
58
41
70

73
73

22
27
35
49
21

22
22

11

004
009
010
016

004
011
012
013
014

004
015

<6

18
18
19
18

18
14

18
20

' RVRQUAL"
Minimum D.O.
<5 <4
12 5
13 5
13 6
10 5
12 5
5 3
2 1
1 0
1 0
12 5

12

RIVER QUALITY MODEL RESULTS - WET WEATHER
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w w w w
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Base

Base

Remarks

D.O. ¥+ 0.2
D.O. ¥+ 0.5
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D.O.4 2.0

D.0O. ¢ 0.4
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4.4. DRY WEATHER FLOW MODEL RESULTS

The results of the dry weather flow model analysis are
shown in Table 24. The results for existing conditions are

that D.0. levels should be greater than 5.0 mg/ during dry

weather.
TABLE 24.
DRY WEATHER FLOW MODEL RESULTS
Minimum D.O.
B.0.D.g 1977

Condition Removal May June July Aug. Sept. Avg.
Existing Conditions 80% 7.09 6.67 5.96 6.24 7.77 6.75
Primary Treatment Only 30% 2.19 2.09 1.30 1.12 3.21 1.98
No Treatment 0% 0.00 0.00 0.00 0.00 0.40 0.08
Advanced Treatment 90% 7.47 7.18 6.73 7.62 8.77 7.55
One Half River Flows 80¢% 5.93 5.40 4.45 4.07 6.06 5.18
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5. DISCUSSION OF RESULTS

5.1. STREAM LOADINGS

The determination 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 conditions, from Table
17 , are compared to figures from the literature, and from
actual measurements in Table 25 , in terms of pollutant concen-
trations. These concentrations are the major output of STORM
and are often reported in the literature because they are
easily measured in the field.

The results are in general agreement with the reported
values. 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 sewers
(41 mg/I) is much higher than the reported values (20 mg/L).
This results from the STORM algorithm which assumes that the
B.0.D.g load includes 10% of the suspended solids load.

This could be overcome in future work by either adjusting the




TABLE 25.

COMPARISON OF STORM RESULTS WITH

Combined Sewer Overflows

Suspended Solids Conc. (mg/L)
B.0.D.; (mg/L)

B.O.D.5 (1bs/acre/year)

Separate Storm Sewer
Discharge

Suspended Solids Conc. (mg/L)
B.O.D.5 {mg/L)

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

REPORTED VALUES

STORM Results

391
109

180

350
41
93

Literature

370
115

137

415
20
31

Measurements
in Winnipeg

120 - 720
14 - 191

578

12

_98—
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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 loadings
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 Winnipeg are considerably higher than the literature
figures show taken from a large U.S. study of 248 urbanized
areas.(24) The reason for this descrepancy is that the U.S.
study included undeveloped lands (46%) in the calculations.
The literature figures would be significantly higher had the
undeveloped land been excluded.

It is noted that the B.O.D5 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 50% 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 economical.<22)(24)

The comparison above is for annual averages. The river
quality analysis required the information for each event. STORM
provided this (Table 18). The average concentration of pollu-
tants varies for each event and during each event according to
the STORM representation of the real system as shown in
Appendix 1.

For the event of June 12, 1977 the hourly combined sewer

overflow B.O.D.5 concentration results varied from 46 mg/L to




205 mg/L during the 12 hour period. This variation is also
consistent with reported variations. This is evidence that
STORM 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 required for an
accurate assessment of each event on river quality.

Figure 22 shows graphically the contributions of B.O.D.U
loadings from urban runoff relative to the B.O.DU loadings from
sewage treatment plant effluénts. On an annual basis, the
results indicate that urban runoff contributes 33% of the total
load to the receiving stream. This is consistent with an
average of 33% reported for the 248 urbanized areas in the
United States.(l) On this basis, urban runoff loadings are
significant on an annual basis, but not the major component.

However, the urban runoff B.0.Dy loadings become much
more significant as shock loadings to the receiving stream
during wet weather shown on Figure 22. It can be seen that
the urban runoff loading is 95% 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.0.Dy contribution from urban runoff are
widely recognized in the pollution control field as discussed
in the Introduction. Knowledge of this fact sparked the need
to study their impact on river quality. These results were

the input data to the river quality model.
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5.1.2. Pollution Abatement Strategies

The resultant modified loadings for the various pollution
control strategies, e.g. removal of 50% of B.O.D5 loading from
combined sewers, as shown in Table 17 result from direct multi-
plication of the "Existing Conditions" data.

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

While 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 difficult and expensive to achieve. For example, the
capital cost removal of 50% of B.0.Dg loadings nationwide in
the U.S. was estimated to cost $1,400 per acre of urbanized
area, based on the optimal combination of storage and treatment.(24)
A demonstration project is currently being undertaken by the
City of Winnipeg to reduce B.0.Dg loadings by 50% in the
Clifton Combined Sewer Relief Project.(zs) "In-System"
Storage of combined sewer overflows in the trunk sewers for
subsequent treatment will be used. The capital cost for that
system is estimated to be $340/acre since the storage volume
already exists. At $1,000/acre the capital cost of removal of
50% of the B.O.D5 loading for Winnipeg would be $40 million

dollars.

5.2. WET WEATHER RIVER QUALITY MODEL

5.2.1. Sensitivity

The results of the sensitivity analysis as presented in
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Section 4.3.1. demonstrate that the model behaves in a logical
and predictable manner to changes in: (1) upstream baseflow

characteristics (B.O.D. D.0.D.); (2) Deoxygenation Rate

u’
Constant (Kl); and, (3) Reaeration Rate Constant (K2).

The model is relatively non-sensitive to changes in the
upstream B.O.D.U or D.0.D. within the normal range of expected
value for these parameters, i.e., B.O.D.U of 0.0, 1.0, and 2.0
mg/L and D.0O.D. of 0.0 and 1.0 mg/L.

The model is much more sensitive to a range of changes
in Kl and K2. This is significant since actual measurements
of these parameters in the Red River are not available and
indeed are very difficult to obtain. Further the litera~
ture indicates that these factors are highly variable and
highly site specific depending on velocity, depth, and
twrbulence. This 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 model to the rate constants indi-
cates the need for calibration against measured data. Without

this calibration, model 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 input parameters used in the calibration

run.
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TABLE 26.

INPUT PARAMETERS - CALIBRATION RUN

= 0.23 Upstream Base Flow
= 1.047 B.O.D.U = 1.0

= 0.26 D.O0.D. = 1.0

= 1.016

following can be observed from Figure 18 :

both the measured data and the model showed
a wide variation in dissolved oxygen values,

i.e., not steady state;

both the data and the model showed an
approximately equal range of dissolved oxygen

values;

the actual and modelled values showed many

violations of a D.O. level of 5 mg/L;

for actual data not all effects seemed to be

related to precipitation;

the correlation between the dissolved oxygen
predicted by the model and those measured

in situ was poor. Two 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 discrepancies are predictable
even if the measured data was more

suitable.

Nevertheless, the calibrated model did predict the same
kind of range and variability of minimum dissolved oxXygen
levels as was actually observed. It is important that both
the model and the measured data did show violations of a
minimum D.O. criteria of 5 mg/L. 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. In order to use the model for design
of pollution control works, more development would be required.

It is also noted that the final values of Ky = 0.23 and

K, = 0.26 are within the usual range of values reported in the

(19) (20)

2
literature for a large slow moving River. This
indicates that the basic Streeter-Phelps model is a satisfactory
representation of the real phenomena. Data from the City of

Winnipeg(s)

indicates that a value of the B.O.D.U of 1.0 mg/L
and D.0.D. of 1 mg/L are indicative of actual upstream base-

flow conditions.

5.2.3. Existing River Water Quality
Typical criteria for minimum dissolved oxygen concentra-
tion for rivers is 4 to 5 mg/L. In Manitoba, the Proposed

10 ‘
Water Quality Objectives,( ) an objective of a minimum of 35%
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of the saturated D.O. value is indicated for the Red River
from "Winnipeg 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 criteria of 5 mg/L were predicted by the model and
did occur frequently in the measured data. Violations of
4 mg/L were much less frequent but do occur. There were no
recorded violations of a 3.0 mg/L but three such violations
were predicted by the modelf

On the basis of these measured and predicted violations
of reasonable D.0O. limits, the river quality status of the
Red River must be considered as "marginal”. That is, the
existing quality is good enough to pass the regulations but
not good enough to pass criteria levels for higher species of
fish. Any relaxation of existing pollution control efforts
in the City of Winnipeg may result in unacceptable dissolved
oxygen levels. It can be seen that the violations were pre-
"dictable and were a result of untreated urban runoff pollutant

loadings.

5.2.4. Impacts of Pollution Control Strategies

5.2.4.1. Effects of Dry Weather
Flow Treatment

The wet weather river quality model predicted that there
would be very little change in minimum dissolved oxXygen concen-
trations as shown in Figure 19, even if the treatment plants
were shut down. This is in agreement with the 'LOAD’ 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. In order to
deal with continuous flow conditions a separate dry weather
flow river quality model was used and the results, as discussed
in Section 5.3., indicate that the River Quality would deter-

iorate significantly under conditions of no treatment.

5.2.4.2. Effects of Wet Weather Flow Treatment

The results as shown in Table 23 and Figure 20 show that
the model predicted dramatic improvements in River Quality
with increasing treatment.of wet weather flow. With 50% treat-
ment of combined sewer overflows, the number of violations of
D.0. equal 4.0 mg/L dropped to 1 from 5 for existing conditions.
The number of violations of 5.0 mg/L dropped from 12 to 2.
These results demonstrate 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 flows may provide an avenue to maintain water quality

for future growth of the City.

5.2.4.3. Effects of Low River Flows

The effects of low river flows are significant since low
river flows do occur over the life of treatment works and also
low flow augmentation is often considered as a pollution
control strategy.(21)

The wet weather River Quality model results showed that

the flow in the River has only a minor effect on the minimum
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dissolved oxygen levels as presented in Figure 21. This is
contrary to a traditional thinking on the effect of low River
flow since conventionally a higher river flow should result in
more dilution. 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. In actual fact, the river
elevation and volume was relatively constant regardless of
flow since the elevation was controlled for navigational
reasons. In other words, 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 dissolved oxygen concentra-
tion, the location of the point of minimum dissolved oxygen
will occur closer to the centroid of pollutant discharge.

The minor effect shown in the results was due to
increased "overlapping" of storm loadings. 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 dry weather flow model 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 allows an appraisal of continuous discharges, which cannot
be seen from the wet weather river quality model.

For existing conditions D.O. levels were predicted to
exceed 5.0 mg/L throughout the study period. This is consis-
tent with measurements for dry weather periods as shown in
Figure 18. However, if the plant was revised to provide only
primary treatment the minimum D.O. levels 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 Water Pollu-
tion Control Centres. At that time, fish kills and odours
had reached a near crisis level(4). From these results, it
appears that the model is a reasonable representation of the
river response.

With no treatment, the D.0O. levels were predicted 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 were not

significant for wet weather loadings, were more pronounced for

continuous discharges with the July minimum D.O. dropping from

5.9 mg/Lto 4.5 mg/L, for one-half river flows. For August, the

minimum D.O. dropped from 6.2 to 4.1. August is of interest

since the 1977 mean river flow was 1240 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 cfs.(26) This is the flow below which
the stream standards(lo) would not be applied. From the
results, it is significant that the City of Winnipeg should
be able to meet the Stream Standards in terms of dry weather
flows. Recall 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 following conclusions result from an investigation
in which the STORM model was used to predict B.0O.D. loading
input for a Red River quality model developed specifically for

use in the City of Winnipeg.

l) The contribution of wet weather loadings is signi-
ficant on an annual basis. During runoff periods
the runoff contributes 95% of the total loadings.
Treatment plant effluents;s-combined sewer
overflows, and separate storm sewer discharges
contributed 67%, 25% and 8% respectively of
the total ultimate Biochemical Oxygen Demand
loadings of 27 million pounds to the Red River
from the City of Winnipeg in 1977. Combined
sewer overflows, separate storm sewers, and
treatment plant effluents contributed 73%,

22%, and 5% respectively 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-
tions of a minimum D.O. of 5 mg/L and four
violations of a minimum D.O. of 4 mg/L 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.0.D. loadings from treatment

plant effluents oniy.

The need to provide secondary treatment of
continuous discharges in Winnipeg is sub-
stantiated. The dry weather flow river
quality model predicted that the average
minimum D.O. would drop to 2.0 mg/L with
primary treatment only, and to 0.1 mg/L
with no treatment of continuous sewage dis-
charges. The minimum D.O. was predicted to

increase to 7.6 mg/L with advanced treatment.

Wet weather flow treatment has major impacts
on the frequency of violations of dissolved
oxygen limits. The wet weather river quality
model predicted that the number of violations
of a minimum D.O. of 5 mg/L and 4 mg/L would
drop to;

a) 5 and 3 respectively for 25% treatment

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

of combined sewer overflows:;

c) 1 and 0 respectively for 75¢ treatment
of combined sewer overflows or 50%

treatment of all wet weather flows.

" Low flow augmentation to increase the minimum

flows in the Red River would not have an
effect on the frequency of low D.0O. levels
due to wet weather discharges. The wet
weather river quality model predicted that
the number of violations of a minimum D.O.
of 5 mg/L 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/L to 5.2 mg/L due to
continuous discharges from the treatment

plants.
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7. RECOMMENDATIONS FOR FUTURE WORK

The following are recommendations for further work in

the analysis of river quality at Winnipeg, Manitoba.

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 model 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 level would thus
be determined. 1In the long term as more data
becomes available the model could be expanded
to include oxygen sources and sinks not

included in the Streeter-Phelps formulation.

Calibration Data

2) The in-stream measurements program for
dissolved oxygen should be implemented espec-
ially for model calibration. 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-
tively for calibration than periodic samples at a

single location.

Data should be collected so that the relative effects
of all oxygen sources and sinks can be better evalua-
ted in the stream. This involves in-stream analyses

for K3, K2' nitrification, benthic demand, and

photosynthesis.

Coliform Levels

4)

Costs

5)

While B.O.D. levelé and minimum dissolved oxygen
concentrations may govern the suitability of the
receiving stream for various species of life, bac-
terial populations (i.e., coliform levels) are an
important water quality parameter for suitability of
the receiving stream in terms of water supply and
recreational uses. This is especially important for
the Red River downstream of Winnipeg since the River
is a source of drinking water for Selkirk, Manitoba
a community of 10,000 people. The City of Winnipeg
is presently under pressure to disinfect continuous
discharge sewage effluents for this reason}27) The
success of this strategy will be suspect until the

effects of coliforms in urban runoff are understood.

The improvement of river quality through treatment of
wet weather flows is known to be expensive. The
actual costs should be better defined in order to

select the optimum expansion path for improved guality.
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10.1 APPENDIX 1

SAMPLE STORM RUN
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26 77 111 2 9 2 2 0,07 0.03 0,03 2 4 0,01 1 N0 UVERFLUW 5 0.04 0,0 0,0 0.0 0,0 0.0
27 rr 71T 1] r4 |-} 4 U, U8 U, 037,06 1 v U UT 1 U UOVERFLUW v uU,08 U.U U. 0 V.U v.0 U, U
2677 7113 9 40 1 1 0.08 0.01 0,02 2 3 0.00 1 MU UVEKELOW 3 0.02 0,0 0.0 0.0 0.0 0.0
29 77 713 13 1 10 5 1.52 0,73 0,45 4 14 0,03 15 1 2 0.64 0.64 t4 0.13 0,0 0.0 0,0 0.0 0,0 *
31T T30 % £33 3 FUZTUAT VAT 77776 ° 97 °0,03" 16 1"~ 2 0,06 0.06 ~ "9 ~0-08 T0.0T0L0T0L, 0 0,07 g0
31717 71 30 17 4 v 7 0.29 0.13 0.15 2 12 v.03 17 2 2 0.04 v.u4 12 0,11 0,0 0.0 0,0 0.0 0.0
32 17 8 22 04 2 2 0.11 U.05 0.06 4 6 0,03 18 1 2 0,01 u.o1 © 0,05 0,0 0.0 0,0 0.0 0.0
3T r L] 4 IR 35 b ] O U I U, TE U1 ) iU U, U3 1y ) 3 K) U. U8 U.U8 3Y V. UY U ULU U.U U.U [ 1)
34 71 8 50 1v 2 2 0,04 0.01 v, 02 1 3 u.u0 2 NU UVERELUW 3 0.02 U.0 0.0 0.0 0.0 0.0 }
3 71 8 e 21 32 3 3 U.54 0,24 0.24 4 7 0.03 200 1 3 0.18 0.18 7 0,006 U0 0.0 0,0 0.0 0.0
e T e Ty I T B0 T T T T T 2T, 240 090 10 < ¢ T 0.03 21T 1 0.04  0.04 870,07 0.0 0.0 0,0 0.0 0,0 - o
31 71 W10 12 13 2 2 ULUY V.03 V.04 3 6 0.0] 2 N0 UVERFLUW 6 0.05 0,0 V.0 0,0 0.0 0.0 —n
38 17 8 11 21 21 1 1 V.07 v.01 0,02 2 3 0.0u 1 MU OVERELOW 4 0,03 0,0 9.0 0.0 0.0 0,0 2w
3Y r7 B Z1T7 10 Y Y4 I T UTY 00T 0,02 r'4 3 b, Uu I NU UOVERFLUOW 4 U.U03 U, U V.U U,.U0 U, U V.U 8
v 11 822 8 13 1 1 0,01 v.ov U 01 1 2 v.0v 1 NU UVERELUW 3 0,02 0.0 0.0 0,0 0.0 0.0 3 8
a1 11 8 25 @ Tu " 4 U.52 0,20 V.23 ° 14 0,03 22 1 4 0.14 v.12 14 0.13 0.0 0.0 0,0 0.0 0,0 7
(TR 2N T Sy s g lee UL 37 U 44 4 Y 0.03 23 -1 & 0.26 .21 Y9 0,08 0.0 0.0 0.0 0.0 ‘0,0 4 s
43 11 8 31 vy o 1w 9 9.34 V.14 U.aw 5 15 U.03 24 2 5 g.05 0.03 15 0.14 0.0 0.0 0.0 0,0 0,0 5
44 X B W) ot 2 4 Vole u.3% y,30 4 b U.U3 25 1 2 0.,3u u,30 b 0,05 G,u 0,0 0,0 0.0 0,0 5 .4
L 3] L i o] [ rAsl o A UOF 025 U.729 el 4 U.T3 20 4 b LU B ;3 T. 13 IS Ue 1 & 0.0 0.0 U.0 U, U V.U s 3
- JK®,
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(PAGE 2 STREAM LOADINGS=WET WEATHEK LVENTS=CLTY UF WINNIPEG=19T7T7~8, MACBRIVE=RUNOO3
WUAMELLY ANALYSLES
TREATMENT RATE = 00,0100 IN/NHR, 1.0 CFs, Vab52 M1 WPG, INT,ALRPORT 1977 DATA
STURAGE CAPACITY= 00,0300 InCHES, Vo3 AC=-FT, V.08l »& CUMHBINED
EVENT ==<0 A T &=== HKS WO ===RAINFALL=== RUNI UUKF HRSTIUI =~STIRAGE== “===U0 V ERF L U Weaee <ccTREATMENT === ==AGE OF STUORAGEwe= 4
YEAR MO LY HR SIURAG DRTN  HKS INCH ENCH LNCH eMPTY DURIN MAX  NU ST DUK WASTE INITL HRS INCH AGE1 AGE2 AGE3 AGE4 AGES
[ FERXL FEXXRTANL BRI ARRERG_RRRD KA4D A4K) KATA_RR/B ARERY KEEEY AKX RIL K12 1) FEALA RRXLS KAR|6 FAX1T KX18 XK1Y KK20 ¥H21 ¥%22 i
46 77 9 8 6 58 2 20,12 0,02 0,03 3 5 V.01 2 ND OVERFLOW 5 0,04 0.0 0,0 0.0 0,0 0,0
47 77 9 ¥ 11 ] 13 13 2,31 1,11 1,15 6 19 0,03 27 1 12 0.99 0.49 19 0,18 0,0 0.0 0,0 0,0 0,0
LY:] T 9 225 305 2 2 0,04 0,02 u,02 1 3 V.00 1 NO OVERFLUOW 4 0,03 0,0 0.0 0,0 0.0 0.0
49 77 9 22 9 i 8 4 V.08 V.04 Q.00 0 8 V.02 3 NU OVERFLUW 9 0,08 0.0 0.0 0,0 0,0 0,0
50 77 9 24 3 34 10 10 0.97 46 0.49 [ 16 0,03 28 2 9 0,36 0,21 17 0,16 0,0 0.0 0,0 0,0 0,0
ST T 928770 F3 3 B TR § § 1570177777777 167 0403 T 2977737 37 0.03  v.03 T I8770,1776.0 0,077 040770076, 67 "
52 17 9 25 117 2 7 b 0,26 0,13 0,15 3 10 0,03 3v 3 3 v.06 0.U6 i1 0.10 0.0 0.0 0.0 0,0 0,0
53 77 9 20 9 6 1 1 0403 V.01 0,01 3 2 0,00 1 NO OVERFLOUW 2 0,01 0.0 0,0 0,0 0,0 0,0
54 77710 1079 334 2 2 V,u7 V. UT V. U] 2 4 0,00 2 NU UVERELUW 5 0.04 0.0 0,0 0.0 0.0 0,0
55 77 10 17 1 162 5, 9 0.23 V.11 0,14 7 12 0.03 3% 2 4 0.0 0,05 15 0.14 0,0 0,0 0,0 0,0 0,0
56 77 10 30 21 314 4 4 V.58 V.25 0,20 4 8 0.03_ 32 1 a ‘O.IQ. U{lﬁ - 8,_0'91 0.0 0.0 0.0 0.0 0.0__
AVE OF 56 EVENTS 78.9%% 4,7 3,9 0.39 0,18 0,19 3.4 8.1 0,02 1.3% 8.6 0,08 0,0 0,0 0,0 0.0 0,0
TAVE UF 32 OVRFLW EVENTS 6.6 5.4 0.6%4 0,29 0.32 4.0 1.2 O0JUT¥ T.o 3.8 0,23 0.18 11.7 0.11 0.0 0,0 0.0 6,0 0.0
m-DVERFLUU EVERTS ONLY- e s e e s e e e e e e e e
**EXCLUDING 0 DRY PERIUDS
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AVERAGE ANWUAL STATISTICS FUR 1 YEARS UF RECURD FOR THE PERLOD BEGINNLING 770417 AND ENDING 771030

----------------------------------—-—-------------..---_-----—--_---_------------_------—----------

NUMBER OF eVEWNTS = 56,0

NUMBER OF UVERFLUWS =  32,¢

A

INCHES

PRECIPITATION UN WATERSHED 24.44

SURFACE RUNOFF FRUA WATERSRED FIF T FRACTION OF "RATNFALL THOFY ~ 7777 7 7 /7 7 5mmm e i et

QUTFLOW

(SURFACE " RUNDFF + DRY WEATHER FLOWY 11,84

DRY WEATHER FLUW DURING TIMES

UF RUNOFF OR STURAGE T.90 FRACTION OF OUTFLUW ~"E0.16

OVERFLOW TO RECEIVING WATER 7.30 FRACTIUN OF RAINFALL =0,30, OF RUNOFF =0,73, OF OUTFLOW =0,62

INITIAL UVERFLOW TU RECEIVING WATER 5.481 FRACTIUN UF RAINFALL =0,24, UF RUNDFF =0,58, OF QUTFLOW =0,.49
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PAGE 3 STREAM LUADLINGH=WET wea'tdkR EVENIS=CI IV ur wlhnll-’r,'G-l’a‘l7-h.MAChNIIJF2~RUN()OJ
GUANTLTY ANALYSIS
TREATMEWNT RATE = 00,0100 LN/HR, 1.0 C¥s, Uabd?Z muals WPG,INT.ALRPORT 1977 DATA
STORAGE CAPACITY= y,u300 INCHES, Ua3 AC=KT, Vel ™ CUMBINED J
g )
AVERAGE STURAGE KEWUIRED AT EACH HUUKR UF ALL EVENLS (INnCHES),
__‘IAL_I!:.’»S___I_!_!;G_!.N_}U}_(WHAUU‘N‘FA’_AN_U»_C(lN'l:ll!_U_EL__fl‘l" THe _MAK_IHUP} EVENT DURATION = . 21__._HUURS. e e
0.016 v.019 0.017 U.015 0,013 0.010 0,008 0.007 0,006 0,005
0.004 0,003 0.002 0,001 0,001 VU001 0,001 0,000 0.000 0,000
v, 000
T URVERAGE  ANNUAL "WUMBER OF HUURS EACH RUNDRETH OF AN iNCH OF STORACK WAS ‘utiLizep., 0 T T ’ ’ I
166,000 96,000 193.000
—PERCENTAGE DF TIML LESS THAN OR EQUAL TO EACH STORAGE AMOUNT, IN PERCENT OF cApACITY. e e e
0. o, 33, 36, 67. 58, 100.100,
1
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- - e e et e 12
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(PAGE 4 STREAM LUAUINGS=WET WEATHER EVENTS=CITY UF WINNIPEG=1977=-B,.MACBRIVE=RUNGO3
QUARNTLITY ANALYSLES
TREATMENT RATE = 0.0100 IN/HR, 1.0 CFsS, Uebb2 MGL WPGL,INT,A1RPORT 1977 DATA
STORAGE CAPACITY= 00,0300 1NCHES, Ved AC=FT, Vs 081 ML COMBINED
L NORMALLZED STOKAGE UTILIZATIUN CURVE y,
s B e e LT N
100.0 [ x
1 *=®
- I e e e e et — e e [ e T T T S —
1 X%
1
1 £ 3
1 *
I xx
______ I — vt e e e e e s . — PR - - - - e e .,__..,.*.*. - . — - S— J—
1 x
80.0 - %
T ¥
1 X
1 *
I e e e e [ et s e e g e e e
1 %
1
T Y
1 *
I (23
60.0 - C e e m e e — .. DI e e ap— _' e R T T - - —e——. e ——— it S bt —— .
PERCENT OF 1 Ex g
1 E1 1]
TINETLESS T XYY i
1 kKX
THAN OR 1 xR i
b I - - — e s e e i et et e e e e
EQUAL TO 1 xxk
1 , X%
STORAGE T ¥X
40,90 ~ E23 ]
1 £xx
T S . - e e e e
I *
1 *x
T L 3
1 %
1i ®x
—- J— I - - -y . . . . -~ [ R ]
1 o .
20,0 ~ L1 2 10
T L2 9
1 % 3 8
i (1] 7
e e — - e e — . — e U X} 8
1 % 5
1 % 5. 4
X ¥ 3
L oxx e
1 %%
T M L *--I'-----'rﬂ=‘.—iii;‘-‘]’—';—";:;BF;I-J-—'-'--;--I--o—--—---l---—---—-T;.-..--—_--I_-_—---—&I-—’-:---_-'-‘[—----—--'—I -
V.U 10.0 FAURY) 3u.n 40,0 D00 bt 0 1o.0 du.0 90 ,.v 100,0
PERCE#TaGE I SThUkaGh TV LARD J U

=611~




DEFINITIUNS UF QUANTLINY COLUMN trefr Wi

I EVENT = SEQUENCLING NUMBEK.
\_ 2 DATE = DATE THIS EVENT BEGAN, J
( 3 HR = NUNBER OF HIWNS PAST MIDNIGHT THi5 EVENT BhGAl, T
4 HRS NU

STURAG = NUMBER UF HUURS SINCE END UF LAST EVENT, EXCLUDING SUMNER (AURE THAN, 720 HOURS),

5 DRTN 2DURATION OF STORM FROM FIRST HOUR OF RAIN, TU LAST HOUR UF KAIN,
6 HRS % NUMBER OF HUURS IN WHICH RAINFALL OCCURRED DUKING EVENT,
T TINCH ® AMUUNT UF RAINFALL DURING THE EVENT IN INCHES.

7A  RUNU
INCH @ SURFACE RUNUFF DURING EVENT IN INCHES,
MR JL URFE A e e e il e e

INCH = TOTAL OUTFLUW (SURFACE RUNUFF + DRY WEATHER FLOW),

U HASTO
EMPTY ® NUMBER OF HOURS FROM LAST RAINFALL TU END OF EVENT.
9 DURTN ® TOTAL NUMBER OF HOURS STURAGE WAS UTILIZED. IE, LENGTH OF THE EVENT.

Tt VU S

10 MAX ® MAXIMUM AMUUNT OF STORAGE UTILIZED, IN INCHES,

TRG NURBER,
12 5T o NUMBER OF HOURS ELAPSED BEFOKE OVERFLOW STARTED. OUR, 1F NO OVERFLOW, HOUR OF MAXIMUM STORAGE.
13 DUR @ NUMBER OF HOURS IN WHICH OVEKFLUW UCCURED,

-
14 WASTE = QUANTITY DF WATER RELEASED UNTREATED, IN INCHES. i
15 INITL = QUANTITY OF WATER RELEASED UNTREATED DURING THE FIRST 3 HUURS OF UVERFLUW,
ROURS “WATER WAS TREATED DURING THF. PRESFNT EVENT AND SINCE THE PREVIOUS EVENT. i :
17 1INCH ® QUANTITY OF WATER TKEATED DURING THE EVENT ANWD SINCE THE PREVIOUS EVENT, . i ’

-5TT-

18 AGE1 ® AVERAGE AGE (HUURS) OF TREATED RUNUFF.,

‘Tg_*ICET__"i—]TXIHUF—TCEETWUUWST"UF—STUWFCE~UN”FIFST’TW?'FTRBT'OUT,BKSIS;"""m‘“ T T e e s e e e e e

20 AGE3 ® MAXIMUM AGE (HOURS) UF STURAGE ON FIHST IN, LAST OUT BASLS.

21 AGE4 ® QUANTITY WEIGHTED AVERAGE AGE (HRS) UF STURAGE 0N FIRST 1N, FIRST OQUT BASIS,
= X RAG [ STORAGEON FIRST IN, LAST OUT BASIS.
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PAGE 1 STREAM LUADINGS=WET WEATHRR EVENTS=CLEY UF WINNIPEG=1977<B.MACBRIDE~RUNGO3
QUALLTY ANALYS1S
TREATMENT RATE = 0.0100 IN/HR, 1.0 CFs, 0.652 MGD WPG, INT.ALRPORT 1977 DATA
STORAGE CAPACITY= 0.0300 INCHES, V.3 AC=FT, 0.081 Mo CUMBINED
vaur DATE RAIN ¥==<w===== STORW RUROFF + DWF SEEe= ¥ ¥—=S TORARGE OVERFTLOW ¥ ¥F===FIRST 3 HO ==
EVENT BEG FALL ONTY TOTAL POUNDS++ SEQ INCH TOTAL PUUNDS++ uouT TOTAL POUNDS++
YR MO DY HR INCH INCH  SUSP SETL  BUD N PU4 COLL NO UNTY SUSP SETL BUD N PU4 COULI INCH SUSP SETL BUD N P04 COLI
| FFT FEFRHETT RT RFHGFXRG FRAFG FRRRT FRRRE FORY RKLO HFFRRIL 12 $¥13 HR14 ¥R15 ¥K16 ¥17 #18 £3£1D %420 $£21 %27 %23 ¥24 #25 ##26-~
177 4 17 11 0.05 0.03 90 - 23 144 7 ‘1 756 NU OVERFLOW
77T 5 3 ¥ 0.06 0,03 157 46 7293 13 Z 1535 NU OVERFLOW
377 5 317 0.0& 0,02 120 29 198 9 1 995 NGO UVERFLOW
4 77 5 4 18 1,98 0,97 8981 3275 2307 498 53 7066 1 0.88 BOYO 2963 2078 449 4¥ 6349 0,62 7967 27432012 435 45 5829
TTEIT TS TS 90,56 0,33 395726577 T TTRYTTIY T U CLIIR 20,14 41237 957 91T 140 3 77076.09 0 72 CBO S3IC ® 3T 4y
6 77 5 14 15°0.39 0,17 855 203 801 55 8 3858 3 0,09 505 113 379 31 4 1756 0.09 S05 113 379 31 4 1756
777 5 18 2 1,06 0,50 5791 2267 1310 324 3% 3853 4 0.41 5246 2104 989 289 30 2281 0.41 5246 2104 989 289 30 2281
7T 5 18 24 0,06 U.03 0 77 (Y} (] yi 384 WO OVERFLOW
9 77 5 206 14 1,43 0,68 4012 1HT1 1260 228 24 4270 5 0.62 3536 1687 1086 201 22 3653 0,62 3536 16871086 201 22 3653
10 77 5 28 14 0.24 0,10 255 106 158 16 2 741 6 0.05 149 62 92 9 1 433 0.05 149 62 92 9 1 433
IT 775728 237058 0. 28 1096 730 — 280 %7 "8 9T7T 770,23 91277 819772227754 6T 6647 0,23 7912 61V 222 54 T 6 6EATTT
12 77 5 29 20 0.22 0.10 225 121 190 2% 6 1458 8 0,01 20 11 17 2 0 126 0.04 20 11 17 2 O 126
1377 6 S 9 0.09 0,01 37 17 4y 4 1 323 NU OVERFLOW
T4 7T [ 2 I§0, 08 U, 073 ¥4 3N ) W) Y Z 797 NUO UVERFLUOW
15 77 6 10 11 0,47 0.24 2261 499 1234 129 15 5242 9 v.16 1723 375 805 95 10 3202 0.16 1723 375 80% 95 10 3202 !
16 77 6 12 22 U.H4 0,44 2553 716 ©9Y3 160 22 4330 10 0.28 17319 405> 520 104 14 2302 0,13 919 223 319 53 6 1317 =
17T 77 o 15 19 0,02 0,01 49 27 FUTTTT R rTTZ7Te T N OVERFLOW = T ot e T T I T TR T S e s s o e , 2;
18 77 6 17 10 1.06 0,56, 3700 1223 987 217 2o 3853 11 V.43 3011 1002 707 174 21 2523 0,16 1461 414 408 B2 9 1431 ; 1
19 77 6 28 15 0.08 0.03 1% 55 213 13 2 1168 NUO OVERFLUW
U7 O <Y IO U,UTUO.UTY 1°7 04 173 s P4 107T N OVERFLUW i
21 77 6 30 12 0.31 0,15 1226 290 744 74 10 3407 12 0,08 T20 162 397 42 5 1696 0,08 726 362 397 42 5 1696 .
22 77 7 2 180,31 0.16 1541  3%9 523 d6 1o 1965 13 0.10 1071 252 334 59 7 1210 0,10 1071 252 334 59 7 1210 i
TZITTT TS TS0 220,08 B03™TI56 30073677 5 71362 14-0.02 0 20277 5471027 1277727 478700277207 S8 T0ZTUIT 2 &1 -
24 77 7T 7T 20 0.14 0,04 217 75 166 16 3 909 NO OVERFLOW
25 77 7 10 15 0.04 0,014 19 30 76 6 1 437 NU OVERFLOW
20 77 11 L U UT7 0TS 139‘ (413 ) 44 17 E) 10487 N OVERFLUOW
27 71 7 11 8 0,08 0,006 348 119 249 27 5 1460 ND OVERFLUW
28 77 7 13 9 0,08 0,02 103 36 #b 8 1 469 NO OVERFLUW -
29 T T Iy T IS U TS T ITI3Y 6396 19T 638 ®7 7 4236 1570.64 9868 574171663 556 57 2909 0,64 IU6B STAIT66I 556 ‘ST 2909 -
30 77 7T 30 4 u.27 V.12 943 197  v44 S8 1 4370 16 0.Ub 471 Y6 466 28 3 2121 0,06 471 96 466 28 3 2121
35 17 7 30 17 0,29 0,15 822 239 582 59  1v 3142 17 0.04 256 65 162 16 2 787 0.04 25 65 162 16 2 787
I T B L LT U, TT UL, U0 4706 128 AL 3 38 14 10672 18 U,UT 73 iy 40 2 1 22y U, U1 73 1y 35 <) 1 Y ¥4
33 77 8 4 14 .34 0. 16 1356 317 S/ 82 i1 2641 19 0.08 720 161 297 42 5 1268 0,08 720 161 297 42 5 1268 ’
34 17 B 9 10 0,04 0,02 104 43 10 10 2 Su4 NU UVERFLOW
[~ 35°TT 8T T 2TTUCSS T 0,24 T26TT TR U638 TR e 2066 20 °0.18 1921 369 466 106 "12 1333 0,18 1921 469 466106 12 1833 - ~—— |1 N
36 71 8 9 16 V.24 0.0 876 226 3ua 51 6 1246 21 v.04 448 111 148 25 3 546 .0,04 448 111 148 25 3 546 _
37 77 ¥ 10 12 U.0Y V.ue 183 6y 110 14 2 ob ! NU UVERFLOW . 2z 10
E1 A o 1Y T 0, 070,07 Jo 14 LN 1 T 3L NI UVFRFLUW o
39 77 8 21 16 v.ll U.02 134 a1 174 10 1 BH N GUVERFLUW s 8
40 71 8 22 8 u.01 V.01 56 22 6Y 5 1 a1t NU UVERFLUW S
AT TR 2SR UL UL 73T T R0647 93T TeE T U224 25 6313 22°0.14 2771 829 1117 152" 16 4216 0,12 2677 5991070 145 -1%5°3978% ~ — - {4 ¢
42 77 B 29 18 0,66 0.34 5064 1393 }299  ZH{ 31 4349 23 0,26 3H18 1ud43 958 209 23 3023 uU,21 3434 925 BB1 187 20 2767 5
43 17 8 31 Y 0,34 0,18 10LH 406 41H e 12 2481 24 0,05 320 123 120 22 3 65) u.u3 239y B8 HE 16 2 455 .. 4
a5 Ty kd 3 LU U788 0306 LrALUr4 ERi N4 Y2 U LB LLGR 73 U030 6326 39415 1067358 30 THIU U3 ©376 33151067 35% 3o 1930 3
45 17 9 5 b V.58 0,29 TTo 529 376 61 1o 2274 b 0 18 4W4& 336 206 35 b 1143 0,13 390 267 161 27 4 822 e
L | o
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PAGE 2

STREAM LOADINGS=WET WEALHLR EVENTS=CLTY OF WINNLPEG=1977=B,MACRR1DES
QUALLITY ANALYSLS

RUNOO3

AND CONCENTRATION T% TO¥*I MiN PER LITER

TREATMENT RATE = 0.0100 1M/HR, 1.0 CFKS, U.652 MGL WPGLINT.AIRPORT 1977 DATA
STORAGE CAPACITY= 0,.0300 INCHES, V.3 AC-}T, Do UHL MG COMBINED
FLVNT DATE RALIN #ececcecl™ 5TURM RUNUGFF + DWF  semmm=== **=STURAMAGE UVERFLONWF #F~-cFIRST 3 HOUKS OVERFLOW===% 9
EVENT BEG FALL QNTY TOTAL PUUNDS++ SEQ INCH TUTAL PUUNDS++ QouT TUTAL PUUNDS++
YR MO DY HR INCH INCH  SUSP SETL  BUD N PO4 CULL w0 ONTY SUSP SETL  BOD N PU4 COLI INCH SUSP SETL BOD N PO4 COLI
FELERRATEAZ A FAGTHENS RTRARG REAK) REKRY EFRG KRGO REFARL L 12 LS RHLG 2ERLS KR16THTT K14 RARLORRTO K21 *K22 %237434 K28 w3 T
46 717 9 B 6 0,12 0,03 104 61 107 10 2 oH3 N OVERFLUW
4T TT 79 8 17 2.31 1.15 3626 3781 975 237 32 4026 27 0.9973148 3416 767 209 25 2776 0.49 2475 I146° 569 151 16 1625
48 77 9 22 5 0,04 0.02 128 al 222 11 2 1225 NU OVERFLOW
49 717 9 22 9 0.08 0.06 258 92 344 23 4 1963 NU OVERFLUW
[ TS0 TT Ty 2 3097 0. 49 T I550T TS TN TURIGT T gk T5713 2870.367 2720 1199057156 TE CITITULIT 3065 SIZTIS it Ty AT
51 77 9 24 21 u.31 0,17 625 271 276 52 10 1966 29 0,03 123 50 43 9 2 287 0,03 123 50 43 9 2 287
52 77 9 25 17 0.26 0,15 509 211 200 40 7 1361 30 0,06 207 82 69 15 2 426 0,06 207 ©2 69 15 2 426
53777 9 26 9 0.03 0.01 40 20 26 ) i 216 NiJ OVERFLUW
54 77 10 10 9 0.07 0,03 127 47 198 11 2 1107 NGO OVERFLOW
55 77 10 17 7 0.23 v.14 1176 262 1110 14 10 5207 31 0,05 551 111 428 33 4 1932 0,05 %48 110 425 32 1913
56 TT10 30 21 0.58 0,26 4449 W85 2004 257 729 " T 8274 34 V.18 3395 7768271296 THA 720 T 37637618 333 648128919y 13'471§"' o
AVE OF 56 EVENT 0,39 0.19 1552 625 553 93 11 2297
[AVE OF 32 OVRFL 0.64 0,37 7618 1058 859 155 19 3307 0.23720671 850 564 115 13 1923 0,10 1880 T8 %37 106 11 1737
+¢+ COLIFORM TUTALS IN BILLION MPN,
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AVERAGE ANNUAL STATISTICS FUK 1 YRARS UF KECURD FUR 'THE PERIOD BEGINNLING 770417 AND ENDING 771030

.--------—---------------------—-----------------------..-.--.--.---—_—-------------------------------

> —
Susp SETL BOLL N P04 COLI++
L 4 - - - - - - o - - - -

TOTAL POUNDS WASHUFF FRUM WATERSHED AND DRY-WEATHER FLUW 93727 38395 36678 5879 910 180069

TOTAL PUUNDS UVERFLUOW TO RECEIVIRNG WATER 64661 2720) T8040 35693 310 51545

__CUNCENTRATION OF POLLUTANTS IN uvenr:g_q_q_gq_y«_;g:s;ﬂy__lpuq_._wATER_ (MG/L)  390.85 _164,4?_—_10?.04” 22,32 2,4 ... B20.559 e
FRACTION OF TOTAL LUAD UVERFLOWING TO RECEIVING WATER 0,690 0,708 0,492 0.628 0,451 0.3418

| FRACTION UF TUTAL LUAD INITIALLY UVERFLUWING TU RECEIVING WATER 0.6%2 0,635 0,460 0.57%6 0,302 0.3087

++ COLIFORM TOTALS 1N BILLIUN MPN,
AND CONCENTRATIUN TN 10%%3 MPN PER LITER
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STREAM LUADIRGS=WET WEATHLR EVENTS=CITY

0§ WINNIPEG=1977-8.nACBRIDE=RUNGO 3

PHLLUTUGRAPN AHALYOLS
TREATMENT RATE. = ¢,0100 IN/HR, 1.0 C¥s, Veb2 MG WFG,INT,ALRPOKT 1977 DATA
STURAGE CAPACLITY= 0.03uu INCHES, V.3 aC=r1, VaHL MG CUMBINED
Z
F EXUUTFLIOW PULLUTANT LOAD, 1R LBS/HR*%XX%X &Xx%X% AVE CUNCENTRATION, IN MG/L (e I LT T )
YR MO DY HR T(0) RAIN KUNUF DWF QTOT Susey SETL BD N K4 oLl SusP SETL BOL N P04 COLI
(INCHES) CCES) . U S RSN, o SV
EVENT ) 1
77 4 171 11 1 0,0% 0,02 0.5 3.0 90,2 22.8 144,11 7.1 1.2 156,11 135,6 34.3 216.6 10,7 1.9 2506,7
EVENT ) 2 - T o . o T e TmorT s ) T
77 5 3 8 1 0.04 v,01 0.6 1.9 96.0 25.7 185,48 7.6 1.3 946,6 228,17 61.3 442,7 18,1 3.1 4974,.4
T 5 3712 5 V.02 0,01 [() 1.3 ou,Y 20.1 v, 7 5.5 1.1 587 .9 208,9 69,1 366,1 19,0 3.7 44490
EVENT ) 3
775 317 1 .04 007 0.5 Z.1 1201 29.3198.5 8.9 1.4 995,72 257.8 oil.7 417.9 18,7 3.0 4621,8
EVENT ) 4
5T 418 1 V.44 0;40 U.4 40,5 Bb43.5 J677.0 ZT130.7 464, 47,0 2 885,72 949.4 2935 7330 5T.1 D.d 142%.9
77 5 4 19 2 0,40 0,19 0.4 20,0 149.9 290,06 72.% 12.6 1.8 3%6.8 33.4 66.1 16,2 2.8 0.4 175.4
7 5 & 20 3 0.17 o0.u8 0.4 8.7 46.4 62.8 27.9 5.0 1.0 216,1 24,0 32.2 14,3 2,6 0.5 244,6
TT 5 & 21 q 0,207 .10 [ 10.7T 498777609 28,7 T 5.3 1.0 7T z200.87 a1 BTTTIHLT O 2. YL T A00,Y T T
17 5 4 22 S5 0.30 u.15 U3 15,0 02.2 141.9 28,3 0.6 1,2 202.9 18,5 42,2 8.4 2.0 0.4 133.1
77 5 4 23 6 0,07 0,03 0.2 3.7 29,0 24,8 21,5 3.7 0,9 147.7 35,1 30,0 26,0 4,5 1.1 528,1
EVERTT 5 e - B - B
77 5 5 9 1 0,03 0,01 0.6 2.0 28,2 17.5 24,1 3.0 V.9 211.5 63,3 39,2 54,1 8.1 2,0 1046,4
75 5 IU Z 0,037 0.0 U.0 Z.X 28,3 17,8 LMY 3.0 0.9 210,06 bl.1 38,3 °1.% 7.8 1.9 1000.8
77 5 5 11 3 V.05 0,02 V.6 3.0 30.6 21,2 25.4 3.8 0.9 216,.2 45,3 31.5 37.7 5.6 1.3 706,.4
77 5 5 12 4 V.12 U.0b V.6 6.4 42.3 39.1 29,17 4.5 1.0 229,06 29.3 20,4 20.6 3.1 0.7 350.6
TTr—7%77"%713 5770,08 SO0 DS TR ETTTTUIA3T 700 24.9 4.0 0.9 "211.3 34,4 27.2°7 25,0 4,0° 0,9 " ¥68,0 o
77 5 5 14 6 0,07 0,03 0.5 3.9 32.5 249.8 23.6 3.9 v,9 200,2 30.7 28,0 26,7 4.4 1,0 513,4
77 5 5 1% 7 0.01 wv,u0 0.5 1.0 20,5 14,5 21.1 3.5 0.9 198,22 117.2 63.9 93.4 15.5 3.9 1931.5
7T 75 516 8 0.037 0,01 9.5 1.9 PA YY) I7.5 2T.8 3.6 0.9 200,11 64,0 40,1 49,7 8,2 2.0 1009.5
7 5 5 21 13 V.01 w,0U V.4 V.6 26,2 13.4 21,2 3.5 V.9 198.7 208,0 10b.6 168,0 21.6 7.0 3473,.2
17 S 5 42 14 0.03 uv.01 V.3 1.8 28.9 L. 24,0 3.7 0,9 210.4 12.1 44,1 59.7 9.1 2.2 1155.8
TTTS 5T ZITIS 0,05 V02773 7TTTIITTUURLLE T O L 25.5 ° 3.8 ° 0,97 215.9 7 51,97 34,5 41.6 6,3 1.5 T77.4
77 S 5 24 1e 0.04 0,02 0.2 2,2 30,2 19.3 24,0 3.7 0.9 209.5 6i.1 39,1 48,5 7.6 1.8 936,5
77 5 6 1 17 0,01 1B.00 V.2 u,? 20.8 14.5 21,5 3.5 V.9 199.9 16,1 89,3 132.8 21,7 5.4 2720,0
TEVENT T 6 e
77 5 14 1y 1 Uul2 V.02 0.5 2.4 Ybh .5 29,0 in3,0 1.5 1.3 844,7 176,22 52.9 297.2 13.7 2.3 3398,2 J
T 5" TH Th 4 LU uan3 Lo EP%] Tic. 3 IRTT . Tur, T T0.3 T.0 THRLL U I7.% A0 T 260, T 13,5 Z.0 Z8568.,0
TT0% 14 17 3 Uellb w03 Daon 3.4 tas, 3 31.n LY I v, 0 1.5 d14,0 bbb 4.8 21¢.0 13,1 2.0 2363,0
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N
(PAGE 2 STREAM LUADINGS=WET WEATHER EVENTS=CITY OF WINNIPEG-1977-B.MACHRIUB-NUNOOJ
PULLUTUGKAPH ANALYS1S

TREATMENT RATE = 0.0100 IN/HR, 1.0 C¥S, Ueh52 MLy WPGL,INTLALRPOKRT 1977 DATA

STORAGE CAPACITYZ 0.0300 INCHES, 0.3 AC~¢T, V.81 MG CUMBINED J
\,___
r **OUTFLOW POLLUTANT LOAD, IN LBS/HR¥¥%%K  %%%% AVE CONCENTRATIUN, IN MG/L ®€ERSRNE&F T )
YR MO DY HR T(0) RALIN RUNOF LIS QTOT suse SETL BOD N PO4 coLl SUSP SETL BOD N P04 CoLI

(INCHES) L < S L

EVENT ) 7

77 5 18 3 2 0,14 0.07 0.2 7.0 551.1 110.1 291.6 31.4 3.7 1239,.4 348.9 69.7 164,7 19,9 2,3 1730.9

T 518§ 3 0.05 0,02 0.2 2.6 130,48 3T.0 ¥3.3 9.1 1.4 445,727 221.8 63.7 141.3 15.5 2.4 1665,3

77 % 18 % L 0.75 0.30 Ue2 36.9 4Y39.1 206%.3 To7.1 270.3 27.6 1227.8 596,00 249,.2 92.6 32.6 3.3 326,8

77 _5 18 6 5 0,01 0,00 0.3 0,8 _20.1 1503 21,4 3.5 u.9 199.0 155.8  87.9 123.0 20.3 5.1 2524.4 L

EVENT ] 8

77 5 18 24 1 0.05 0,02 0.2 2.7 41,9 26.4 38,6 4.4 1,0 273,7 70.qwm“14.2___64.5”. 7.4 1.6 - 1010,0
TT 5 191 2 0,01 0,00 0.2 0.7 B 1) 23.97 3,67 70,9 T 20,6 TTiE 94.777136,0 7 22,0 TS, TTTIRIEY T

EVENT } 9

TT 526718 1T 0.857 0.23 0.5 73,5 733753 T Y 92T, T \Z8.9 I3, 4 3360.9 7 A47,3TIAY. YIS, LIS 1802.% B
77 5 26 15 2 0.43 9.21 0.5 21.6 1022.4 534,33 222.4 58.8 6.4 635,5 211.1 110.3 45.9 12,1 1.3 289,.4

77 5 26 16 3 0.48 0,23 0.5 24,0 652.3 b544.8 110,11 40.1 4,5 273.8 121,11 to1,2 20.4 7.5 0.8 112,2

EVERTT— 10 - - R eten e o R
77 5 28 14 1 0,24 0.09 0.5 9.7 254,99 106.1 158.2 16,2 2.1 T40,7 117.0 48,7 72,6 T.4 1.0 749,7

EVERT T 15 T ” T -

77 6 10 11 1 0.04 0.01% 0,5 1.4 59.1 21.9 97.6 5.4 1.1 549,.5 193,48 71.9 320.1 17,8 3.5 3974,.6

T 6 10 12 7 0.1T5 0,07 0,5 T.9 TOY. 313370 506, 40,4 L 2478.9 300.5 1576 319,76 27.8 2.6 3097.5

T 6 10 13 3 0.20 0,13 0.5 13.2 1437.9 320.8 531.% 78.3 8.4 1944,5 483.8 107.,9 176,9 20.4 2,8 1443,3

77 o t9 14 4 0.2 0,01 0.5 1.5 54,7 22.71 3.4 5.0 1.0 268,Y 164,2 68.3 116,6 15,1 3.1 1781.6

EVERT T 16

77T 6 12 22 1 0,03 0,01 0,3 1.2 58,7 23.3 55.1 5.3 1.1 345,55 219.2 87.0 205.9 19,8 4,0 2847,.8
TT 6 1T 23 Z 0,03 TU.0TT 70,3 YT 7858 30,0 72.8 6,8 1.2° a17,0 " '221.4 T7.3 1B7.T 17,5 3.1 2372.,5

77 o 12 24 3 V.16 Uv.u8 0.2 H.0 683.6  152.8 256.5 JH.3 4.4 1002,5% 377.9 84,5 141.8 21,2 2.4 1222,5

77 6 13 1 4 0.12 0,06 0,3 b,1 404,4 YYy,06 13v.0 23,5 2.9 532,49 293.9 72.4 94,5 17.1 2.1 854.1

T 5 1372 5 .08 7, 0% .2 .1 17,5 H1.7 TI.5 13.6 .9 ELL PV 2377 56,6 TT.T 13,7 Yy 819.3

77 6 13 3 [} V.04 0,02 U2 2.2 95,1 34,06 40,0 7.2 1.2 254,3 195.3 11,1 B2.2 14.7 2,6 1152,2

17 o 13 & 7 0,09 u.04 0.2 4.6 242.3 oHL.Y ed, 1 14,9 2.0 295,48 233.48 ob.5 bl.8 14.4 1.9 629,.5
TTTETI3I TS TUET 90y .03 © n.7 4.6 232.5 vd.2 Sb.] 14,4 2.9 2065.1 224.3 65,4 54,7 13,9 1.9 564.2 T
77 6 13 » 9 Ue.l3d u.ub 0.3 b,/ Jo9,8 lusn,.s To.1 21.6 247 25Y.¢ 245 .4 6Y,9 46,6 14,4 1.4 3480.9

77 6 13 71 v V.08 v, U2 0.3 2.3 d3.2 33.0 29,1 b.h 1.2 210.5 lvt,o bb,2 ST.8  12.7 2.3 901.8

LA o 13 3 T LRI PA CValll Vet T, I3 73,0 7.0 4,7 1.0 PALR P Y 140, 3 0D, 4 LAV INLY) 13,5 Z.9 1274,

7T o 13 12 15 [V BTN 1T }) oo [ S1.0 5.0 2240 3.1 v.Y 1o, 3 viJ 0 117,99 Z2u.u 4.8 2365.8
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(PAGE 3 STREAM LUOADINGS=WEY WEATHER EVENTS=CITY OF WINNIPEG=1977=8,mACBKIDE=RUNQO3
PULLUTUGHAPH ANALYSIS
TREATMENT RATE = 0.0100 IN/HR, 1.0 Crs, Vebb52 MmuD WPG,INT.AIKPORT 1977 DATA
STORAGE CAPACITY= 0,0300 INCHES, Ue3 AC=FT, V.81 MG COUMBINED
\__ Z
{ *¥¥0UTFLUW POLLUTANT LOAD, 1IN LBS/HREXFX  XE%E AVE CONCENTRATION, IN MG/L LR T I T 1T Y
YR MO DY HR T(0) RAIN RUNOF DWF WwTOT susp SKETL Bub N PU4 coLl suse SETL BOD N PO4 coLx
LINCHES) L - S - ++
EVENT ] 18 -
77 6 17 12 3 0,20 0.13 0.5 13.3 1312,3 375.,u 296.6 1.9 7.7 882,0 440.3 125.8 100,2 24,1 2.6 652,7
7T 6 1713 4 Vel2 V.00 0.5 6,4 336.0 104,55 82.4 20.0 2.5 335,7 234,6 T3.0 57,5 13,9 1.8 517,0
77 6 17 14 5 0.6 0.03 0«5 3.4 129,.3 49.3 41,7 9.0 1.4 244.5 167.3 63,8 54,0 11,7 1.9 697,9
77 6 171 16 7 0.08 0,04 U,5 4.3 175.2  02.9 47,17 11.5 1.7 250,0 181.5  65.1 49.4 11,9 1.7 571.1
TT787{7T7°iT8 0.29 0014 O TTTATTUTOSS LI TTRLIGSU IS4 .8 59,07 6.4 T 293,77 732047 125,77 3601 17,97 72,60 77198,y
77 6 17 18 9 0.06 0,03 0.4 3.4 v7.9 45,8 30,06 7.4 1.3 200.2 129.6 60,6 40,5 9.8 1.7 602,3
77 6 17 19 1v 0,02 0,01 0.4 1.4 42,5 23.1 23.2 4.4 1.0 199.7 134,7 73.2 73.6 13,9 3.1 1395,9
EVERT 29 e it e e e e eee el - R
77 7 13 13 1 0.80 0.39 0.5 39.4 10531.3 4757.9 1715.2 576,0 58,3 2846.9 1190.6 537.9 193,9 65,3 6,6 709,9
T 1319 T 0.0 0,00 0.4 0.0 26.7 3.7 2T.7 3.5 0.9 198,6 246,7T 128,68 199.3 37.7 4.3 4121.%
77 7 13 20 8 0,69 0,33 V.4 34.1 471.2 16b68,0 140,.7 42.4 4.8 400,9 61.5 217.6 18,3 5,5 0.6 115,3
77 71 13 1 9 0,01 0,00 0,4 [ ] 26,2 15.% 241.0 3.5 0.9 197.6 138.1 41,4 110,6 18,4 4,6 2294,9
7T 71322710 0,01 0.00 0.3 0.8 20,7 7E5,5TT 210077 3.L8 0.9"‘H'197;6“'“150.H“"BH??"“]?U;B“"?G.I_‘"5{1'"“2555:7 T
EVENT ] 35
TT 78 F 2T I 0.32 0,13 0.3 13.3771846,0°7332.0 " 446.5 99;1"10?5""133221““”FISI9‘“11121”"11920—'3327“'“3?5"‘"'"9!0:3""—”'_—_-
7 8 6 22 2 0.11 0,05 0.3 5.7 390.7 102.9 102.8 23.0 2.8 405,2 310.9 80.0 80,6 18,0 2,2 700,2
77 8 6 23 3 0.1 0.0% V.3 5.6 3/74,1 101.4 B4 .4 21,8 2,7 329,.0 295.0 80,0 66,9 17,2 2.1 572.4
EVERT T—3T _ - —— — e e e e e e
77 8 25 8 1 0,37 0.14 O.0 14.7 3457,4 155.6 1352.4 185.6 19,1 4878.2 1043.3 228,0 406,1 56,0 5.8 3246,8
T8 25 173 [ 0,070,073 075 3.6 2709 .27 149. 3 17,5 2.3 6d3.3 354,72 96,72 183,99 21,6 2.8 1854.5
77 ¢ 25 14 7 0.0 v.02 0.5 2.5 10,3 51.06 6.5 10,7 1.6 444,06 288,2 92.9 155,55 19,3 2.9 1763.3
11 8 25 15 8 V.04 0,02 Vb 2.5 1h4.4 51,5 8.5 10,6 1.6 406, 4 484 .8 92.5 141.,1 19,1 2.9 1613,.4
EVENT T 42
77 8 29 1H 1 V.31 0.15 0.5 15,06 3395.0 8Y1.7 HA1,9 182.3 18,8 2039,7 966,7 253.9 251.1 51.9 5.3 1658,0
TSNS T, TZ 0,06 0,577 6,37 Gol.7 16B,2 ° 157,.5 34,0 3.9 563,77 422.9 '118.,2 "110,7 23.9 2.8 873.9
77 8 29 20 3 V.1l V.uS 0.4 S.4 495,33 14).2 113.7 24.4 i.4 405,5 380.0 113.0 87.2 21.8 2,6 686,2
11 8 29 22 5 velld 0.Ub ¢.3 b, 520.0 lov.t  lu4.1  29.7 3.5 346,0 3717.8 116,3 T5.6 21,6 2,5 $54,5
EVENT T~ 43 - -
1T 8 31 v 1 V.u8 0.0l [P 1.7 do,0 3v.d 4b,1 v.4 l.2 291,0 212.4 95.2 122,6 17.1 3.1 1704,7 J
T B 31 10 7 G noug T Tod INT.3 IToD TTe T Z1.8 Zal EEPRY 331,11 oo, 0 It 4 9.0 AR Jod4,3
TT 8 31011 3 Gobg w02 .Y -] 128,00 D2.3 2.0 v, 1.4 294, 4 233,0 94,9 Y4,3 1b.4 2.6 1177.0
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—\
. (77 31 12 V.03 9,01 V.5 Y b, 2 41.9 41.4 3 260.2 21b,.6 95.0 93.7 16.4 1299,.1

8 4 2.0 7.3 1. 2.8
77 8 31 13 5 0.91 0,00 e 1.0 44,5 22.5 2b.9 4.5 1.0 216.4 208,24 105.3 125,71 21,0 4.6 2232.0
77 8 31 14 ) 0.03 0,01 0.5 1.9 Y4 .4 41.8 39.3 1.2 1.2 250,060 217.6 90,4 0.7 16,6 2.9 1274,1
77 8 31 16 8 0,08 0,02 [ ) a3 119.8 S0.2 44,0 8.6 1.4 259.8 231.4 1.0 84,9 16.5 2.7 1107,6
L77 8 31 17 Y 0.01 0O.00 Vet V.9 44,1 22.5 25,9 4,5 1.0 211.9 214.3 109.0 125, 21,7 4,7 2269,8 y
' ™Y
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(pAcE 4 STREAM LOADLHGS=WET WEATHER £VENTS=CITY UF WINNLIPEG=1977=H.0ACHRIDE~RUNOD3
POLLUTUGRAPH ANALYS LS

TREATMENT RATE = 0,0100 IN/HH, 1.0 CFs, 0.652 MuD WPGLINT,AIRPURT 1977 DATA

STURAGE CAPACETYS 0,0300 InCHES, Ued AC=FT,  0.081 G CUMBINED
F F¥OUTFLUW PULLUTANT LUAD, IN LBS/RR¥F¥% ¥%¥% AVE CONCENTRATION, TN WC/L Fosvisesss ~
YR MO DY HR T(0) RAIN RUNUF  DWF  QTOT SUSE  SKTL BuD N pu4 cout SUSP  SETL BOD N PO4 coLI

(INCHES) LCES) o A has

EVERT T3 M S A i e e ]
71_8:31 18 10 0.01 0.00 0.4 0.9 44,1 22.4  25.8 4.5 1.0 210.3 222,77 113.4  130.2 22.6 4,9 2354.8

TEVERT T &Y '" T T B T s e ]
17 9 81T 1 0,25 0.11 0.5 12.0  Tul,3  355.8 283.8 41.3 4.7 1107,7  260,6 132,2 105,5 15,3 1,7 907.8
TT98718 7 0,42 0.20 0.4 21,0 1275.1 984.6 250.7 750 8.1 653.2  270.4 208,7 55,1 16.1 1.7 305.5

779 819 3 0.47 0.23 0.4 23.4  H35.0 101¥.2 139.1 54.0 5.9 20,4  15B.6 193.3 26,4 10.3  §.1 117,58

J7_9 B 20 4 0,54 0,26 0,8 26,8 496.3 1053.0  91.2 37.4 4.3 209.5 82.3 174.7 15,1 6.2 Q.7 76,7

179 821 5 0,10 0.05 0.4 5.3 AT.57TTRZIATTT ALY 4L L 0T T e T 3T IO ALY TOLE T gL 5 T T
77 9 822 6 0,06 0.03 0.3 3.3 32.9 33,3 22,0 4.0 0,9 1973 45.0 45,6  30.1 5,5 1.3 595,14

77 9 823 7T 0,01 0,00 0.3 0.8 26,7  16.1  21.0 3,5 0.9 197.4  154,7  93.2 121,5 20,4 5.4 2518,8

TT 9824 8 0.00 0,04 0.7 3.7 6T A6 2.5 4.3 T I.0 197.3 38,0 44.6 24.1 4.6 1.0 166.7

77 9 9 1 9 0,12 0,06 0.2 6.1 44.1  b62.5 23,7 4.9 1.0 197.3 32,1 45,5  17.3 3,5 0,1 317.3

77 9 9 2 10 0,17 0.08 0.2 8.5 54,6 97,3 25,4 S.1 1.1 197.2 26,6 50.9 13,3 3,0 0.6 227,8

T 979 3 11 0,05 0.02 0.2 2.6 30,1 28,4 [ N P R S B S S5 St T TS e & 3| IBITTRTE LS T32,9 -
77 9 9 4 12 0,02 0.01 0.2 1.2 27.2  18.8 21,1 3.6 0.9 197.1  103.4 71,5 80,0 13.6 3.4 1650,7

77 9 9 5 (3 0.02 0.01 0.2 1.2 27.2  18.8  21.1 3,6 0.9 197.1  103,3  71.4 80.0 13.6 3.4 1650,7

EVENT 750 T e e
77924 3 1 0,07 0,02 0.2 2.1 122.5  36.6 152.0 8.9 1.4 780.1  254.4 76,0 315.7 18,5 2.9 3573,4

TV T 028 0.1 0,7 11,9 1359.9 304.4 S5EI.d T4 5.0 2235.8 507.1 113.6 2i7.6 7.8 3.0 1839.7

7T 9 24 5 3 0.23 0,11 0.2 11.4 1028.1 Zo/.1 299.0 S6.6 6.2 933.1 399,99 103.9 108.5 22,0 2.4 800.7

7 924 6 4 0,07 v.03 0.3 3.7 161,88 52,0 59,4 10.7 1.6 313.4  193.4 62,9 71,0 12.8 1.9 826,6

TT 79 2% 7 5 0,10 0,05 0.3 5.2 249,72 75377 68,87 15,3777, T 77 3144 213,754,689 ,0 13;1771,87° 7594, 77—
77 9 24 8 6 0.07 0.03 0.5 3.9 15%0.6  5il./  46.0 10.1 1.5 25,6  169.9 58,3 51,9 11.4 1.7 633,6

77 924 9 7 0.13 0.06 0.6 6.9  330.9 102.3 67,9 19.6 2.5 268.4  212.8 65,4 43,7 12.6 1.6 380,8

T 92410 8 0.00 0,07 0.6 7.5 T6. 7T 32,9 29.5 6.7 1.1 12,3 135.9 SH,7 57.7 1.0 7.0 879.0

779 2411 9 0.0fF 0.0 0.5 1.0 35.3  1i.8 22,6 4,0 0.9 200.5  155.5 78,5 99,5 17.5 4.1 1950.5

779 26 12 10 0,01 0.0 0.5 1.0 35,2 1l.4 22,5 4.0 0.9 200.4  155.3 I8, 99,4 17.5 4.1 1949,1

++ COLIFORM TOTALS IN RKILLION MPN,
AND CUNCENTRATIUN IN 1000 MPW PER L1TER
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10.2 APPENDIX 2

"LOAD PROGRAM LISTING AND

SAMPLE RUN"



( ™
14-Jan~-1979 15136342 VAX-11 FORTRAN IV-PLUS V1.0-2 Fadge 1
>T LOAD.FOR.33 A{
00100 c LOADPER FROGRAM -—-COMPUTES TOTAL FOLLUTANT LOAD FER RUNOFF EVENT GIVEN
00200 [ COMBINED AND SEARATE SEWER LOADINGS ANI SEWAGE TREATMENT EFFLUENT AND
VU300 T BY=FASS TATA——~HaMACBRINE==-DECIY78 ~ ~ =" = - e e
00400 0001 DIMENSION NAME(B8) yNTITLE(20)yKDATE(100) »KHOUR(100) »DURC100)
00500 1RUNOFF(2s100)yEFF(100»5) y FNAME(10,5)
008600 0002 TIMENSTON CUMBOIUIO0 Yy SEFROTTIO0T FFLOWTIO07 ST yRAWTIO07 57
00700 0003 DIMENSION BRYFASS(100+¢5) s TRUN(D)
00800 0004 REAL KCDﬂB;KSEPrPLTDTALvKRAu(S)-KEFF(S)vPLTRATErKBYPAS(S)
00700 0005 WRITETEYIOOY ~ 7 T T o -
01000 0006 100 FORMAT(’1‘y’ENTRY MADE TO STREAM LOADING PROGRAM-TO COMFUTE ULT
01100 1BOD LOADING PER RUNOFF EVENT')
OI200 V007 WRITET&EY ITTY
01300 0008 110 FORMAT(’0‘y’PROGRAM DEVELOPED BY R.MACRRIDE-FOR MSC.C.E+THESIS~—~——
01400 1DECEMBER 1978°////7)
01500 [Le1e14 U130 1=1»3 T T e
01600 0010 READ(S,120) (NTITLE(N) »N=1,20)
01700 0011 120 FORMAT (20A4)
a 01800 VO1Z y yN=19207
01900 0013 130 FORMAT(20Xy20A4//)
02000 0014 140 CONTINUE
02100 (2143 §+] READNTy ISUTNARE yCOMBARAYSEPARA——~ ~~ 7 - w0 = Tremm
02200 0014 150 FORMAT(BA4,2F10.2)
02300 0017 WRITE(6y160)NAME y COMBARA » SEFARA
[T02300 00Ty T80 FORMAT O ="y " WATERSHED NAME=== YOARAy 7 Ty  COMBINEIN BSEWER AREA= "
02500 1F10.3y
02600 1/’ ’+’SEPARATE SEWERED AREA= ‘,F10.3)
02700 C - B
02800 CREAD IN STORM LOADING DATA
02900 c
V3000 OUTY — WRITET&» 1707
03100 0020 170 FORMAT(’1’ 9 "EVENT’ »9X»/DATE’ » 18Xy ‘OVERFLOW’ » 10X s ' RUNQFF / y 13Xy * ROLi
03200 15 LOADINGS PER 100ACRES‘,
03300 177 7y9Xy YEAR MONTH DAY “HOUR ==-DURATION” 7 10Xy "INCHES "===75;10%>
03400 2'COMBINERD SEPARATE ' /738X» 'HOURS ' »5Xy ' SEFARATE “ »
03500 33Xy ' COMBINED’ »8X» ' POUNDS ‘ »6X s “FOUNIIS /)
03600 0001 PO 200 K=1,100
03700 0022 REAR(S5y»180)KDATE(K) s KHOUR (K ) » DUR (K) y RUNOFF (1 sK) s RUNOFF (25K) »
03800 1COMBOD(K) » SEPROD(K)
03900 0023 TTIF RTATECRY VEQ.UYBO TO 201 ™ T - T
04000 0024 180 FORMAT(2I10+5F10.,2)
04100 0025 - KYR=KDATE(K)/10000+1900
03200 0028 RAO=AUMTROATE (TR Y 7T007 1007
04300 0027 KRY=MOD(KDATE(K)»100)
04400 0028 URITE(&;190)KrKYRthU!KDYrKHOUR(K)!DUR(K)1RUNUFF(27K)v
04500 1RUNUFFTI_KT‘CUBBUHTRT—GEFEUH(K) v LT e T
04600 0029 190 FORMAT(’ ‘»ISr1993XyI29S5Xs129169F10.29F11.292XsF10.2+6XsF10.2y
04700 1F12.2)
04800 0036 200 CONTINUE
04900 0031 201 CONTINUE
05000 0032 IEVENT=K~1
o T 1, E R A — U, [
05200 0033 READ(S»210)YKCOMByKSEP
05300 0034 210 FORMAT(2F10.2)
~— 00400 0035 WRITETEy 2T RCURE RGEF T B T T T e —
05500 0036 215 FORMAT(//7 ‘4’ KCOME=’ yF10,2y 7 KEBEP="yF10,2)
05600 C

-0€T-



< )
LOADSMATIN 14-Jan—-1979 153136142 VaX-11 FORTRAN IV-FLUS V1,0-2 Fade 2
LOAD.FOR.33
\_ 05700 0037 READ(S»220)NFLANTS )
r 05800 0038 T20 FORMAT(TIO) <
05900 0039 10 237 K=1+NPLANTS
06000 0040 READCSy 231) (FNAMEC(I9K) s J=1+10)
06100 00471 231 FURPATTITCAA) ST e TTT e
06200 0042 WRITEC69240)Ky (FNAME(JsK) v J=1+10)
06300 0043 240 FORMAT(’ 17y ‘FLANT DIATA v 10Xy 'FLANT NO ‘9I2+’ NAME ‘510047’ ¢,
6300 TEVENT 5 -
06500 13Xy ‘DATE’ »5X ¢ 'FLOW-MIGD’ »SXy * RODS~RAW’ v 5X s * RODS—EFFLUENT /
064600 2v5X» 'BY-PASS-MIGD//)
5700 0034 MO 236 I=17IEVENT
06800 0045 READ(S»230)FLOW(TIsK) sRAWCI»K) yEFF (1K) s BYPASS(TsK)
06900 00446 230 FORMATC(AF10.2)
07000 QUA7 WRITE(Sy 2357 Iy RIATET D) s FLOWT I Ry RAWT Ly RIFEFF U IR T EVFASSTIRY
07100 0048 235 FORMAT(’ ‘»I4y18r4F14.2)
07200 0049 236 CONTINUE
07300 L1421 237 CURTINUE
07400 [
07500 0051 RO 280 I=1sNPLANTS
U7600 0052 REATTG 7 270 TRKRAWTT Y sREFF C T 7 KRYPAS LY
07700 0053 270 FORMAT(3F10.2)
07800 0054 WRITE(&62275)IvKRAWCI) yKEFF(I) yKRYPAS(I)
07900 0055 273 FURMATC77 Y PANT NO T Iy RKRAW 7 F 10T 27 REFF =710+ 27
08000 1/ KRYPAS=’,F10.2)
08100 0036 280 CONTINUE
V8200 C
08300 0057 WRITE(6,250) :
08400 0059 250 FORMAT (‘1 ’ULTIMATE ROD LOADRINGS IN FOUNDS PER EVENT’//)
OHS00 0059 TURTTETEV2E60) o T e s e
08600 0060 260 FORMAT(’ ‘»/EVENT YEAR MO ny HR  DURATION’ +8Xy ‘RUNOFF‘y7Xy
08700 1/COMBINED SEPARATE STFLANTS. TOTAL RATE’//)
Vg UVol CIUTAL®U
08900 0062 STOTAL=0
09000 0063 PLTOTAL=0
09100 O05% TOUR=0
09200 0065 TRUN(1)=0
09300 0066 TRUN(2)=0
O9A00 0057 GTOTAL=0
09500 0048 WRITE(7y300)NAME» IEVENT
09600 0069 300 FORMAT(’ ‘»y8A4»1I5) .
09700 0070 TUTTOTTTIO 400 T=L TEVENT B o e e
09800 0071 VOLUM=0.
09900 0072 TLOAD=0
TUOO0U 0073 TRATE=ED
10100 0074 CRATE=KCOMBXCOMBARA/100 . XCOMRONI(I)
10200 0075 TRUN(1)>=TRUNC1)+RUNOFF(1,1)
TU300 0078 VLU=V URF CURBARARRUNUF F Iy T 712 X33580,
10400 0077 VOLUM=VOLUM+SEFARAXRUNOFF (2, 1)/12,%43540,
10500 0078 TRUN(2)=TRUN(2)+RUNOFF (2, 1)
TO&00 0079 CTUTAL=CTUTALFCRATE
10700 0080 SRATE=KSEFXSEPARA/100,XSEFRONCT)
10800 0081 STOTAL=STOTAL+SRATE
S LOROU T OO E T CPLTRATERG - - e e e . e s e s e e e e e e e R
11000 c
11100 0083 [0 410 K=1sNFLANTS
TT200 o084 FLTRATESFL TRATEFFLOW U R T ¥RRAW TR T XRAW U Ty R T¥ T 0 FFLUWT T YR TXKEFF UK
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= = T357 = TU=FLUS VT 0-7 Fade 3 ™
LOAD.FOR .33
11300 LXEFF(IrK)%10.+KBRYPAS(K)YXRAW(I 7 K)XEYFASS (I rK)%10,
11400 0085 VOLUM=VOLUM+FLOW (I yKIKDURCTI Y /24, %10000000./62.4
\_ 11500 0086 410 CONTINUE )
e TI800 0087 FLTRATESFLTRATEXNURTI ) 723, —<
11700 0088 PLTOTAL=PLTOTAL+PLTRATE
11800 0089 TRATE=CRATE+SRATE+FLTRATE
TIY00 VOT0 GTOTALEGTUTALFTRATE
12000 0091 KYR=KDATE(I)/10000+1900
12100 0092 KMO=MOD(KDATECI)/100+100)
T2200 V093 ROV=AOT{RKOATETI Yy 1007
12300 [
12400 0094 WRITE(45420)IyKYRsKMOKDY yKHOUR(I) y BUR(T) yUOLUM» CRATE »
T2500 T TSRATEYFLTRATE Y TRATE ™~ " 7777 s e o e T T T e e e e -
12600 0095 420 FORMAT(’ /»515+1F10,2y5F15.0)
12700 0094 TDUR=TDUR+DUR(I)
12800 00Y7 YA v v yTURTT Ty VOL UMY TRATE
12900 0098 425 FORMAT(’ “+311053F15.2)
13000 0099 400 CONTINUE
13100 U100 WRITETSE#30V TEVENT Yy TOURS TRUNTI )5 TRUNCZY
13200 0101 430 FORMAT(’1’»QUANTITY SUMMARY-NO OF EVENTS/»I10/’ ‘s16Xy
13300 1/TOTAL DURATION’sF10¢2¢/' ‘»16Xs COMBINED RUNOFF’¢F9,2y
13400 277 v I&Xy "SEFARATE RUNUFF 5F972)
13500 0102 WRITE(6y440) IEVENTyCTOTALsCTOTAL/IEVENT yCTOTAL/GTOTALX100y
13400 1 STOTALySTOTAL/IEVENT»STOTAL/GTOTALX100y
13700 4 FLTOTALSFLTOTALZ TEVENT yPLTOTAL /GTOTALRIQQ; — =~ « =
13800 3 GTOTAL
13900 0103 440 FORMAT(’1’yQUALITY SUMMARY-NO OF EVENTS’sI10/’ '
13000 - II8Xy " TUTAL COAD v 10X> "AVE, FER EVENT 5 T0Xs "FERCENT™
14100 277 v COMBINED’ »3F20.0/‘ ‘4’ SEFARATE’ »3F20,0/
14200 3’ 9’ FLANTS’ »3F20.0/¢ “*4* TOTAL »1F20.0)
14300 01074 ENT ) T T oo T T T
T LOADSHAIN 13=-Jan-1979 157138342 UVAX=1T FORTRAN TV=FLUS VI.0-2 Fada 4

LOALL.FOR. 33

FRUGRAM SETTIUNS

w FOINTS T T rmmmm e e

Address Ture Name

Name Ruytes Attribotes
0 $CODE 2255 FIC CON REL LCL SHR EXE RII NOWRT LONG
________ yA$PDATﬁ“ 1285 FIC CON REL I.CL SHR NOEXE RO NOWRT LONG
ZUELOTAL T TTTUTL2%6 TTURIT CON REL LDL NOSHE NOEXE R WRT LONG } T

ANy




ENTRY MADE TU STkiAm LOADLING PROGKAM=TL CumPUTE ULE BUD LUHADIMG PER RUNOFF EVENT
M
—i

PRUGRAM DEVELUPKY BY B.MACBRIDE=FUR MECLCabl e THES ISmw==pECKMBEK 1978

JL

\_

[

MSC C.E., THESIS == STKEAM LOADINGS==

ULTIMATE BUD LUADINGS WwET WEATHER CITY OF WINNINPEG

RUN 002 JAN 14 1979 FIRST RUN WITH REVISED LOAD PROGRAM

WATERSHED NAME=«~= WINNIPEG MANITOUBA
COMBLINED SEWER AREA= 26000,000
PARATE SEWERED AREA=__16000.000

-€€1-




B
EVEN‘I DALK VERE LUV RUNDFF HUD 5 LUADINGS PEK 100ACRES
YEAR MUNTH DAY HUUR ===pBUKAT]I DN L HES === COMBINED SEPAKATY
HUUKS SEYARALE CUMBENED PUUNDS PHURDS
\_ y
( 1 1971 5 4 18 6,00 V.95 .88 2078.00 763,00 )
2 1977 5 5 5 b, 00 0.21 v,14 91,00 6,00
3 191717 5 14 15 3.0y 0a1b Va0Y 319,00 101.00
4 1917 ) 18 2 3.0u .49 U.41 989,00 604,00
5 1977 5 26 14 3,00 V.67 0.62 1086,.00 478,00
b 1977 9 28 14 1,00 009 0,05 92,00 21.00
1 19717 5 28 23 1.00 027 u.23 222,00 127,00
8 1977 5 29 20 2,00 0,08 V.01 17,00 20,00
9 1977 [y 10 11 3,00 0a22 U.16 805,00 253.0G0
1v 1977 6 12 22 9,0V 0,40 v.28 520,00 239,00
11 1977 6 17 10 9,00 V.51 0,43 707,00 359,00
12 1977 [+ 30 12 2.00 0,13 .08 392,00 163.00
13 1977 1 2 15 2.0u V.16 0.10 334,00 198,00
14 1977 7 5 18 2.00 0,07 0,02 102,00 70,00
15 1971 1 13 13 2,00 V.14 V.64 1663.00 1192,00
16 1977 7 30 4 2.00 v.11 V.00 466,00 86,00
17 1977 7 30 17 2,00 V.09 0.04 162,00 47,00
18 14912 [ 2 21 2.00 D.05 0,01 46,00 35,00
19 1977 8 4 14 3,00 V.14 0,08 297,00 110.00
20 1977 ] 6 21 3.00 V.24 0,18 466,00 221,00
21 1977 8 9 16 1.00 0,09 0,04 148,00 76.00
22 1977 [ 5 ) 4,00 V.14 .14 1117,00 382,00
23 1977 8 29 18 4,00 V.32 0,206 958,00 515,00
24 19717 8 3l 9 5.00 U.14 [/} 120,00 85.00
25 1977 9 3 20 2,00 V.35 0,30 1067,00 756,00
26 1977 9 5 [ 6.00 0.25 v,18 206,00 65,00
21 1977 9 8 17 12,00 111 0,99 167,00 380,90
28 1977 9 24 3 9.0v U.46 V.36 905,00 412,00
29 1977 9 24 21 3.ov 0.08 U.03 43,00 26,00
30 1977 9 25 16 3.9 0,13 0,06 69,00 43.00
31 1971 10 17 7 4,00 V.11 V.05 428,00 188,00
32 1977 10, 30 21 4,00 V.25 V.18 1296,00 757,00
KCOMB= 1.50  KSkb= 1.50

-VET-



—
gLANT DATA PLANT MU 1 NAME  NUKTH END THEATMENT PLANT
EVENT  DATE FLOW=M]1GD BUDS=HAW BUDS=EEE LUENT BY=PASS=MIGD
\__1 770504 13,80 400,00 {800 100,00 y
( 2 719508 Y6.90 270,00 42,00 0,00 )
3 170514 67.00 220.00 10,00 0.00
4119518 1% .40 380,00 94.00 0,00
5 770526 69,70 310,00 19.00 0.00
6 770528 06,50 270,00 52,00 0,00
1 _1Iub28 66450 279,00 22,00 0.00
8 TTub29 61,50 180,00 31,00 V.00
9 710610 81.00 230,00 ¥, 00 .00
10 110612 55,40 110,00 44,00 0.00
11 1oeid 108,90 140,00 65,00 0.00
12 710630 16,40 230,00 68,00 U.00
13110702 69,99 280,00 38,00 0,90
14 77070y 74,10 250.00 48,00 0,00
15 770713 93,70 320.00 63,00 0.00
16719730 67,50 140,00 10,00 0.00
17 770730 67,50 140.00 10,00 0.00
18 770802 64,50 252,90 10.00 0.00
19 770804 63,40 292,00 108,00 0.90
20 T1osve 58,10 280,00 100.00 v.00
21 170809 12,40 280,00 69,00 0.00
22 170825 18,40 390,00 84,00 0,00
23 770829 63,60 230.00 81,00 0,00
24 770831 82,80 170,00 100,00 0.00
25_ 170903 01,89 180,00 65,00 0,00
26 770905 96,20 100,00 55,00 0.00
27 7709uw 83,10 260,00 60,00 0.00
28 770924 90,60 140,00 50,00 0,00
29 710924 90.60 140,00 56,00 0.00
30 77092% 119.70 97,00 49,00 0.00
1771012 12450 350,00 96,00 0.00
32 711030 58450 300,00 YU, 00 0.00
— )
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=
LllAN'l‘ DATA PLANY wh 2 NAME SUULH kMU TREATHENT VLANT
EVYENT VATE FLUW=m1uD bBlS=HAW BUHYS=rEF LUENT HBY=PASS=MIGD
4
L1 179504 18,9y 310,00 22400 0.00 y
( PRI T 2U.40 14v,.0v 15,00 v.0v )
3 710514 lv.bu 250,00 19.00 V.00
4 1T/ubl1y 11.4Y L8V LYY 171,00 0,00
5 710526 B0 200,00 17,00 0,00
6 770524 10.1v 250,00 19.00 0,00
1 110528 10,10 220,90 19,00 .00
8 T10529 10.10 230,v0 29 .00 0.00
9 T10610 10,70 227,00 14.00 0.00
10 _71ye)2 10.70 190,09 25,00 0.00
11 170617 13,70 227,00 14.00 0.00
12 77vue30 9.40 227,00 14,00 0.00
3 170102 9.40 194,00 448,00 0.00
14 170705 12.4H0 190,00 42,00 0.00
15 770713 20,80 260,00 %9.00 0.00
16 7701739 9,40 194.00 48,00 0.00
17 7170730 9,40 194,00 48,00 0,00
18 170802 9.80 220.00 26,00 0.00
19 170804 1.90 L8000 22.00 0,00
20 170406 10,10 251.00 39.00 0.00
21 770809 9,70 220,00 34,00 0,00
22 _77082% 10.20 330.00 04,00 0400 !
23 110829 17,80 240.00 ¥1.00 0.00 , Ly
24 770831 16.50 190,00 55,00 0.00 w
25 770903 10.60 264,00 50,00 0.00 ﬁ“
26 170905 " 10.60 250,00 68,00 0.00
27 770908 23,20 230,00 B8.,00 0.00
24 770924 11.80 264,00 50,09 0,00 |
29 770924 17.80 264,00 50,00 0.00
30 770928 17.80 200.00 54,00 0.00
3l 173011 11,30 350,00 38,00 0,00
32 711030 Y.00 330.00 ¥0.00 V.00




PLANT DATA PLANT NU 3 NAME WEST £ND TREATMENT PLANT

-LET-

EVENT _ DATE FLOW=M}GD BUDS=KAW HOS=te ELURNY BY=PASS=MIGD
1170504 624U 198,00 42,00 0,00 y
r 2 170505 6. 40 198,00 42,00 0.0V )
3 770514 6.40 198,00 42,00 0.00
4_ 71ub18 6,40 198.00 42,00 0,00
5 770526 5.40 198.00 42,00 U.00
6 170528 6.40 198,00 42,00 0,00
1770528 640 198,90 42.00 000
8 770529 6,40 198,00 42,00 0.00
9 770610 6.30 189,00 40,00 0.00
Q170612 6.30 189.00 49,00 0.00
11 770617 6.30 189,00 40,00 0,00
12 770630 6.30 189,00 40,00 0.00
13 770702 5,90 183,00 40,00 0,00
14 770705 5.90 183,00 40,00 0.0V
1% 770713 5.90 183,00 40,00 0.00
16119730 5,90 183,00 40.00 0.90
17 770730 5,90 183.00 40,00 0.00
18 770802 5.40 167,00 32,00 0.00
19 770804 54490 167,90 32,00 0.90
20 770806 5.40 167,00 32,00 0.00
21 710809 5,40 167.00 32,00 0.00
22 _11992% 5440 167,09 32,00 0,00
23 770829 5,40 167,00 32,00 0.00
24 770831 5,40 167.00 32,00 0.00
25 170903 6.490 192,00 33,00 0.90
26 170905 6.40 192,00 33,00 0.00
27 770908 6,40 192,00 33,00 0.00
28 710924 6,40 192,00 33,00 0,900
29 770924 6.40 192,00 33,00 0.00
30 770925 6,40 192.900 33.00 0.00
31 7711017 9450, 110,00 49,9090 0,00
32 771u30 5,50 170,00 49,00 0.00
PLANT NU. 1 KRAW= 0.00 KEFF= 1.50 KBYPAS=z 0,00
PLANT NO. 2 KRAWS 0.00 KEFF= 1.50 KBYPAS= 0.00
PLANT NO. 3 KRAW= 0,00 KEFFz 1.50 KBYPAS= 0.00
\




ULTIMATE HUD LUADINGS 19 PULLDS PEK EVEHR]

%VENT YEAR My by HR  DURATTHN

RUNUFF COMBINED SEPARATE STPLANTS TOTAL RATE
\ <

1 191717 3 4 18 b,00 142200768, 810420, 183120, 24154, 1017694,
2 3917 b o 5 £,00 JU365930, 354940, 1440, 174917 54441 .
3 1977 5 14 15 3.u0 LBbuly94, 147810, 24249, 9675, 181725,
4 1977 5 14 2 J.00 vYb22944, 38b/10, 144960, 19444, 550114,
$ 19711 3 20 14 .00 99129904, 423540, 114120, 11109, 549369
6 1977 5 28 L4 t.u0 10500420, 3ib880, 6480, 2449, 44809,
T 19717 5 24 23 1,00 37943220, g658d0, 30480, 2449, 119509,
8 1977 ) 29 pAY) 2200 6631866, 6030, 4800, 3085, 14519
Y 1977 & 10 11 3.00 29841b306, 3139%0, 60720, 12903, 387573,
10 19717 6 12 22 9,00 54009360, 202800, 57360, 166134, 276794,
il 1971 [+ Wi 10 9,00 17950600, 215130, 86160, 42313, 404203
12 1917 b 30 12 2,00 16330706, 154830, 39120, 6974, 200924,
13 19717 7 2 15 2.00 1981520u, 130260, 47520, E1.1.17% 181440,
14 1911 1 ] 18 200 1192516 39180, 16800, 5413, 01993,
15 1977 7 13 13 2.00 104990296, 648510, 286080, 9208, 943658,
16 1977 7 30 4 2.00 13157308, 181740, 20640, 6765, 209145,
12 1917 1 34 11 2208 10108169, 63180, 11280, €165 81225,
18 1977 8 2 21 2.00 4912110, 17940, 8400, 6174, 32518,
19 1977 8 4 14 3. uv 17218060, 115830, 26400, 13488, 155718,
20 19717 ("] 6 21 3.00 324019060, 18171740, 53040, 11956, 246736,
21 1911 8 Y 16 1,00 Y5bbbo8, %7720, 18240, 3436, 79396,
22 197117 8 25 8 4,00 23855082, 435630, 91680, 18528, 545838,
23 1911 8 29 18 4,00 454421124 3136204 123600, 16915, 214136,
24 1977 8 31 Y 5,00 10345792, 46800, 20400, 29251, 96451,
25 19717 9 3 20 2,00 49694352, 416130, 181440, 5948, 603518,
2619717 9 5 (] 6,00 36043660, 80340, 15600, 23336, 119276,
21 29711 9 ] 17 12,00 166935450, 299130, 91200, 54291, 444621,
28 19717 9 24 3 9.00 67592032, 3529502 98880, 34733, 486563,
29 1911 9 24 21 3.00 9771418 167110, 6240, 11578, 34588,
30 1977 9 25 16 3.00 10095811, 26910, 10320, 11176, 484006,
31 1977 10 17 7 4,00 13492948, 166920, 45120, 19147, 231187,

32 19711 1u 30 21 4,00 33458186, 505440, 181680, 14399, 701519,
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QUANTLITY SUMMARY=NU UF ©tVENTS

JUTAL DURATION

32
123,00

CulblMp) Kumey

SEPARAYE RuLUKFE

Taid
Y.2u

F

A

-6ET-



f )
QUALLTY SUMMARY=NU OF EVENTS 32
TUTAL LUAD AVE, PER EVENT PERCENT
COMBLNED 1036710, 2194999, 73,
SEPARATE 2108160, 65880, 22,
\__PLANLS 4741719, 14437, 5. y
TUlAL 9619712, )
N J
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10.3 APPENDIX 3

"RVRQUAL" LISTING AND

SAMPLE RUN




e
3=MAR~1979 16:53:38 VAX=11 FORTRAN IV=PLUS V1,0-2 PAGE 1
RYRQUAL.FUR.29
00100 C RIVER QUALITY MODELS¥REXXRXRERKERRREERENRREARREREXARARERREERASE
"VE, X =SPE ANALYSIS

00300 C OF EFFECTS OF URBAN RUNOFF ON THE RFD RIVER IN WINNIPEG
00400 C COMPUTES MINIMUM DISSOLVED OXYGEN
00500 ol
00600 0001 REAL DUR(IOO),VOL(!OO).TOTAL(IOO),BDDU(IOO),LENR,AREA(IOO),
00700 1 ELEV(100).SRWDTH(!OO).LEVL(IOO),FbUH(lOO),TEMP(lOO),

DR800 2 XAREA(100) ,VEL(100),,DOMINCL100) , SMALL(1.00), DUK{100)

00900 0002 INTEGER NTITLE(20),NAME(8),RNAME(15),
01000 1 KHOUR(100) ,JDATE(100)
01100 0003 COMMON I,KDATEC100),IFACT(100)
01200 0004 WRITE(6,100)
01300 0005 100 FORMAT('1', 'ENTRY MADE TO RIVER QUALITY PROGRAM'/
01400 1°)',.'Tn Cf N
01500 2 RUNOFF',/')', 'DFEVELOPED BY B.MACBRIDE FOR MSCCE THESIS'/'0°',
01600 ITVEEREXEREXRRERVER 1, 0mwmmyAN 1979%EXXERRRAREKXREKKRELRKKERK !
01700 SlLL2241441)
01800
01900 0006 DO 140 I=1,3
0)
02100 o008 120 FURMAT(20A4)
02200 0009 WRITE(6,130) (NTITLE(N),N=1,20)
MAT('=',20A47/)
02400 0011 140 CONTINUE
02500 C
|_02600 C _READ TN LIRRAN RUNOFF DATA
02700
020800 0012 READ(7,145)NAME, IEVENT
MAT(1X,0A4,15)
03000 0014 WRITE(6,150)
03100 0015 150 FORMAT('1',10X, 'WATERSHED NAME',20X, 'NO, OF EVENTS')
E.IEVENT
03300 0017 155 FORMAT(' ',8A4,120//)
03400 0018 WRITE(6,157)

3500 0019 157 _F LB '
03600 1 ','EVENT',‘X.'DATE',SX.'HUUR',ZX.'DURATION',2X.'VOLUME-
03700 2CUBIC FEET',2X, 'BOD LOAD=POUNDS',2X, 'BOD*MG/L"'//)

03800 0020 DO 180 X1, IEVENT
03900 0021 READ(7.lGO)K.KDATE(I),KHDUR(I),DHR(I),VOL(IJ,TOTAL(I)
04000 0022 160 FORMAT(1X,3110,3F15,2)
OTAL(I)}/VOL(TI)/62.4%1000000,

04200 0024 HRITE(6.170)I,KDATE(I).KHUUR(I),DUR(I).VDL(I),TDTAL(I)pBUDU(I)
04300 0025 170 FORMAT(® '+15,110,16,F10.2,F19,0,F17.0,F10.0)
04400 0026 180 CONTINUE :
04500 c
04600 C READ IN RIVER DATA

100 c
04800 0027 READ(5,200)RNAME, LENR
04900 0028 200 FURMAT(15A4,F10,.2)

K000 0029 HRITE(6,205)

05100 0030 205 FORMAT('1',10X, 'NAME OF RIVER REACH',40X, 'LENGTH(FEET) *)
05200 0031 WRITE(6,210)RNAME, LENR
053100 0032 210 FORMAT(' *',15A4,F20.2)
05400 0033 WRITE(6,215)
05500 0034 215 FORMAT(' *,'ELEVATION VERSUS SURFACE WIDTH'/
\_05600 1t ', 'ELEVATION=FEET',4X, 'SURFACKE WIDTH~FEET',2X. 'AREA=

L

P




r

RVRQUALSMAIN 3=MAR=1979 16:53:38 VAX=11 FORTRAN IV=PLUS V1,0=2 PAGE 2
RVRQUAL . FUR,29
05700 250,FEET'/)
\ 05800 c y
[ 05900 C READ ELEV, VS, SURFACE WIDTH CROSS-SECTION B
06000 c
06100 003% AREA(1120.0
06200 0036 DO 250 I=1,100
06300 0037 READ(S5,220)ELEV(YI),SRNDTH(I)
06400 0038 220 FORMAT(2F10.2)
06500 0039 IF(ELEV(I),EQ.0,0)G0O TO 251
06600 0040 IF(i.EQ.1)GU TO 230
06700 0041 AREA(I)SAREA(TI=1)+{ELEV(T}=ELEV(T=1))%(SRMDTH(I)+SRWDTH(T=1})/2
06800 0042 230 WRITE(6,240)ELEV(I),SRWDTH(I),AREA(L)
06900 0043 240 FORMAT(' ',F14.2,F17.2,F15,2)
| 07000 0044 250 CONTINUE
07100 0045 251 NPTS=I~-1
07200 C
07300 € READ DEOXYGENATION K1 ®REAERATION K2 x TEMP_FACTOR
07400 C
07500 0046 READ(S,260)AK]1,AK2, THETAL1 ,THETA2
L Q7A00. 0047 260 _FORMAT(AF10.8)
07700 0040 WRITE (6,270)
07800 0049 270 FORMAT('1',5X, 'REACTION RATES AND TEMPERATURE CORRECTIONS'/
01900 : 1' ', 3N, 'DEOXYGENATION', 15X, 'REAERATIAN /
08000 2' ',3X,'RATE TEMP,COR, ',10X, 'RATE TEMP,COR, ')
00100 0030 WRITE (6,280)AK1,THETA1,AK2, THETA2
L.0B200 . _00%% 280 FORMATL' ' .F7.4,F12.4, 10X . F1.4.F12.477)
08300 C
00400 [ READ INTIAL ULT BOD AND DO DEFICIT
08500 c
08600 0052 READ(5,290)B0OD,DOD
08700 0083 290 FORMAT(2F10,2)
08800 0054 MRITE(A,300) :
08900 0055 300 FURMAT(' ','INITIAL RIVER BODULT', 10X, *INITIAL D,0, DEFICIT'/)
09000 0056 WRITE(6,310)R0D,D0D
. 09100 0057 310 FORMAT(' ',6X,F10.2,15X.F12.2)
09200 C
09300 Cc READ EVENT DATA FOR RIVER
09400 c
09500 00S8 WRITE(6,320)
09600 0059 320 FORMAT('1','RIVER DATA FOR EACH EVENT'//
091700 1' 'V, VEVENT! v A ' 'L, 4X, 'FLOW',4X, ' AREA' ,4X
09800 2'VELOCITY',4X, 'TEMPERATURE'/
09900 3 ’,Gx,'YYHNDD',&X,'FEET',?X.'CFS'.3X,'SO.FT.',3X.'FT./HR.'.
0000 46X, 'DEG.C'/)
10100 0060 DO 400 J=1,IEVENT
10200 0061 READ(5,330)JDATE(J) ,LEVL(J) ,FLOW(J) ,TEMP (J)
10300 0062 330 FURMAT(I10,3F10.2)
10400 0063 IF(KDATE(J) .EQ.JDATE(J))IGO TO 350
10500 0064 WRITE(6,340)J,KDATE(J) ,JUATE(J)
TL* ', "WARNING DATES DO NOT MATCH',I15,2110)
10700 0066 350 CUNTINUE
10800 c
04900 C INTERPOLATE TO _FIND X=SECT AREA
11000 C -
11100 0067 DO 360 I=2,NPTS

\ 11200 0068 IE(LEVE (L) AGT.ELEV(I)IGU_T0Q 360

=-Zvi-
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RVRQUALSMAIN 3=MAR=1979 16:53:38 VAX=11 FORTRAN IV=PLUS V1,0-2 PAGE 3
RVRQUAL.FOR,.29
11300 0069 XAREA(J)XAREA(I~1)4(LEVL(J)=ELEV(I=1))/(ELRV(I)=ELEV(I=1))%
\_ 11400 1(AREA(I)=ARFA(I=1})
(’11500 0070 GO TO 380
11600 0071 360 CONTINUE
11700 0072 WRITE(6,370)
11800 0073 370 FORMAT(' ','WARNING LEVEL EXCEEDS RIVER DATA')
11900 0074 XAREA(J)=1.0
UE.
12100 0076 VEL(J)=FLOW(J)/XARFEA(J) %3600,
12200 0077 WRITE(6,390)J,KDATE(J),LEVL(J),FLOW(J) ,XAREA(J),VEL(J), TEMP(J)
| 12300 0078 = 390 FOURMAT(' ',14,110,F11.2,F9.0,F10.2,F9.2,F10.2)
12400 0079 400 CONTINUE
12500 (o
2600 .  CALCULATE FACTOR FOR DATE DIFFERENCES
12700 [
12800 0080 DO 401 I=i,IEVENT
12900 0081 CALL _DTECTR
13000 0082 401 CONTINUE
13100 C
13200 L. MAIN COMPUTATIOMAL LOOP.
13300 c
13400 0083 WRITE(6,405)
X OXYGEN EACH EVENT'/
13600 1' ', 'EVENT',4X,'DATE',2X, 'INTERVAL',2(4X, "INITIAL'),6X, 'K1",6X,
13700 2'K2',4X,'CRITICAL',4X, '"CRITICAL',4X, 'SATURATION' ,4X, '"MINIMUM'/
13800 3 'L IX, ' YYMMDD! . 6X, 'DAYS' . 4X, 'BODLLT ' . 5X ‘D, O.DEF! 18X, 'TIME=DAYS?
13900 3,4X,'DEFICIT',
14000 44X, 'DISS,0XYG,',4X, 'DISS.0XYG. "'/}
| 14100 _ 00RS TIME=0,0
14200 0086 DO 420 I=1,IEVENT
14300 (o i .
4400 c Cﬂ!wmms SINCF LAST EVENT
14500 c
14600 0087 FBOD=BOD
14700 ___0QBA FRODSDOD
14800 0089 IF(I.EQ,1)G0 TO 409
14900 0090 DELT=KHOUR(I)=KHOUR(I~1)
15000 0091 JE(DELT .GE.0.0)ADDEDELT/24
15100 0092 IF(DELT.LT,0.0)ADD=(24,4DELT)/24,.~1,0
15200 0093 TIME=IFACT(I)=IFACT(I=1)4ADD
153000094 DISTRTIME®24,2VEL(T)
15400 009% IF(LENR~DIST) 409,409,406
15500 0096 406 FBOD=BODIN®EXP(~1,*BK1*TIME)
| 15600 0097 FDO - .3 =1, %BK1% 1) - =1% x )]
15700 1+FDOD*EXP(~1,*BK2*TIME)
15800 0098 FBOD=(FBODX(LENR=DIST) +BOD*DIST) /LENR
5900 __ 0099 FDODR(FDADX(LENR=DIST) $+DODXDIST) /LENR
16000 0100 409 RVOL=XAREA(I)*LENR
16100 0101 BUDIN=(RVOL*FBOD+BODU(I)*VOL(1))/(RVOL4VOL(1))
16200 0102 BK13AKI*THETAL** (TEMP(T)=20,)
16300 0103 BK2=AK2*THETA2**(TEMP(1)=20,)
16400 0104 TCR=(1,/(BK2=BK1))*ALUG(BK2/BK1*(1,~FDOD*(RK2~BK1)/BK1/BODIN))
16500 010% DCR=RODINABKI /BRK2XEXP (1. *BK1¥TCR)
16600 0106 DUSAT=14,652-0.41022%TEMP(1)+0,0079910%TEMP(T)*%2,
16700 1=0.0000777T4%TEMP (1) **3,
\_16800 _ 0107 DOMINCI)=DOSAT=LCR




rhVROUAbBHAIN 3=MAR~1979 16:53:38 VAX=11 FORTRAN IV-PLUS V1,0-2 PAGE 4
RVROUAL FUR.29.

16900 0108 WRITE(6,410)I,KDATE(1),TIME,BODIN,FDOD,BK1,BK2, TCR, DCR,DOSAT,
\_17000 1DOMINCE) )
f17100 0109 410 FORMAT(' ',14,19,2F10.2,F11.2,F9,3,F9.3,F10,2,F12,2,F12,2,F12,2) )

17200 0110 420 CUNTINUE
17300 014t DO 510 121 ,IFVENT

17400 0112 DUM(I)=ZDOMINCI)

17500 0113 SMALL(I)=100,

17600 0114 510 CONTINUE

17700 0115 DO 530 J=1,IEVENT

17800 01te6 DU 520 I=1,IEVENT

179000111 IF{SMALL () JLT.OUMCI))GO TN 520

18000 0118 SMALL(J)=DUM(I)

18100 0119 JJds1

18200 0120 %20 CONTINUE

18300 0121 DUM(JJ)I =100,

18400 0122 530 CONTINUE

18500 0123 WBITE(6,540)

16600 0124 540 FURMAT('1','NUMBER',4X,'MIN, D,O.',4X,'DYS EXCEED,',4X,

18700 1's EXCEED.'//)
| 18800 __012% N0 _SA0 Ix1, IFVENT

18900 0126 DYS®=IEVENT=1I+1,

19000 0127 PER=DYS/IEVENT*100,

19100 0128 MRITE(6,550)1,SMALL(T) , DYS,PER

19200 0129 550 FORMAT(' *,15,F10,2,F15,2,F15,2)

19300 0130 560 CONTINUE

400 0131 END

-7y~
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ENTRY MADE TO RIVER QUALITY PRNGRAM

A UM_DISSULYED UXYGEN_IM_RIVER LUK TO URBAN_RUMUFF. . ___
DEVELOPED BY B.MACBKIDE FUR MSCCK THRESIS -dﬁ

F*!ttt#*!t*#!tvER Jalm===JAN 19TORRXEREXRRERRKERRKEERXKERN )
-

MSC C.E., THESIS MINIMUM D,0. IN RED RIVER DUE TO URBAN RUNOFF

ADVISOR B, H.TOPNIK®*E2XR222X820R2%% 1977 DATA

RUN 004 WITH K2%0.26 EXIST, COND RUN DATE 04MAR79

-SvI-




( R
WATERSHED NAME NO, OF EVENTS
MINNIPEG MANITORA 32
\ EVENT LOADING DATA INPUT TO RECEIVING STREAM )
(’EVENT DATE HOUR  DURATLION VOULUME=CUBIC FEET HBOD LNAD=POUNDS ROD=MG/L )
1 770504 18 6,00 142200768, 1017694, 115,
2 770505 5 6.00 30365930, 54347, 29,
3 770514 15 3.00 18HRKA94 1817125 154
4 770518 2 3,00 69622944, 550114, 127.
5 770526 14 3,00 99129904, 549369, 89,
[ 110%28 14 1.00 10500420 44809 .Y
7 770528 23 1.00 37943220, 119509, 50.
8 770529 20 2,00 6631866, 14515, 3s,
9 110610 11 3.00 29841536 1875173 208
10 770612 22 9,00 54009360, 276794, 82,
11 770617 10 9,00 77950600, 404203, 83,
12 7170630 12 2.00 16330766 200924 197
13 770702 15 2,00 19815200, 181440, 147,
14 77070% 18 2,00 7192516, 61993, 138,
15 110713 13 2.00 104990296 94185%8 144
16 770730 4 2,00 13157368, 209145, 255,
17 770730 17 2,00 10108169, 81225, 129,
1R 120802 21 2.00 49121170 31251R 106
19 770004 14 3,00 17218060, 155718, 145,
20 770806 21 3,00 32401960, 246736, 122,
21 110809 16 1.00. 9KSBE66R 19396 1133
22 770825% 8 4,00 23855082, 545838, 367,
23 770829 18 4,00 45442772, 514136, 181,
24 1108131 9 %.00 16345792 96451 95
25 770903 20 2,00 49694352, 603518, 195,
26 770905% 6 6,00 36043660, 119276, 53,
22 770908 12 12,00 166915456, 444621 43
28 770924 3 9,00 67592632, 486563, 115,
29 770924 21 3,00 9777478, 34588, 57.
30 1710925 16 3.00 16095811, 48406 48
EYY 771017 7 4,00 13492948, 231187, 217s,
32 771030 21 4,00 33458186, 701519, 336,

-971-



NAME UF RIVER REACH
RED RIVER IN WINNIPEG

LENGTH(FEET)
. 105600,00

ELEVATIUN VERSIUS SURFACE WTDTH

ELEVATION=FEET SURFACE WIDTH=FEET AREA=SQ,FLEET

\_

( 713.00 0.00 0,00
714,00 30,00 15,00
715,00 35.00 471.50
718,00 100,00 250,00
719.00 140,00 370,00
120,00 280,00 810,00
725,00 450,00 2405.00
730,00 500,00 4740.00
235,00 600,00 71530,00
740,00 620,00 10590,00
745.00 660,00 13780,00
150,040 AR0.00 17130,.00

-L71-




INITIAL RIVER BODULT

INITIAL D,O, DFFICIT

( REACTION RATES AND TEMPERATURE CORRECTIONS )
DEOXYGENATION REAERATION 5
RATE TEMP,COR, RALE TEMP,CUR,
0,2300 1.0470 0.2600 1.0160
. y,
[ 4

1.00

1.00




—
rRIVER DATA FOR EACH EVENT
EVENT DATE ELEVATION FLOW AREA VELOCITY TEMPERATURE 4
L YYMMDD FEET CFs SQ,.FT, FT./HR, DFG.C -
b,
[ 1 770504 732,24 1500, 6011,99 898,20 17.00 Aﬁw
2 770505 733,82 1510, 6881,00 790,00 17.00
3 170514 134,29 1580 1139.49 196.70 17.00
4 770518 734,28 2040, 7134,02 1029.43 20,00
5 770526 734,30 2790, 7144,99 1405,74 20,00
[ 110528 134,06 2960, 1013.00 1519.46 20,00
7 770528 734,06 2960, 7013.00 1519,46 20,00
8 770529 733,86 2650, 6902,99 1382.01 20,00
9 120610 133,15 1900 842,50 999,63 20,50
10 770612 733,65 1750, 6787.51 928.17 21.50
11 770617 733,92 1390, 6935,99 721.45 21,50
12 210630 733,90 1160 £925 .01 aN3. 01 23,50
13 770702 733,71 1090, 6820,51 575,32 21,50
14 770705 733,96 1110, 6958,01 574,30 21,50
15 7707213 134,413 1100 12316 .50 R4B .06 23,50
16 770730 733,92 1800, 6935,99 934,26 22,50
17 770730 733,92 1800, 6935,99 934,26 22.50
18 210802 233,73 2040 AR31 49 107502 21,50
19 770804 733.82 1930, 6881.00 1009.74 21.50
20 770806 733,76 1810, 60848.01 951,52 21,50
21 110809 233,17 1650 ABS3, 51 B6H,.71 19,50
22 770825 734,03 850, 6996,.52 437,36 17,50
23 770829 733,06 670, 6902.99 349,41 17,00
24 1210831 134,04 190 1001 .99 406,17 11,400
25 770903 733,91 8so, 6930,49 457.11 16.50
26 770905 734.14 910, 7057,01 464,22 16,00
27 170908 133.176 R45 HA48.01 444,22 16,00
28 770924 734,12 1580, 7046,00 807,27 15,00
29 770924 734,12 1580, 7046,00 807,27 15,00
30 7170925 234,12 1820 1046.00 929.89 14,00
31 771017 734,15 2650, 7062.51 1350,79 12.00
32 771030 732,68 2150, 6254.00 1237,61 11.00




r
RESULTS DISSULVED OXYGEN EACH EVENT

EVENT DATE INTERVAL INTTIAL INITIAL K1 K2 CRITICAL CRITICAL SAT
YYMMDD DAYS BODULT D.0.DEF TIME=DAYS DEFICIT DISS.0XYG, DISS,.0XYG,
\ 1 2710504 0.00 21,81 1..00 0.200 0.248 4,25 1.52 9,61 2,08 p
f 2 770505 0.46 18.75 2,56 0,200 0,248 3.79 T.10 9,61 2,51 )

3 770514 9.42 4.74 1,00 0.200 0,248 3.40 1.94 9.61 71.67

4 1710518 31.46 11 .87 1.18 0,210 0,260 165 4,53 9,02 4,49

5 770526 8.50 11.20 1.00 0.230 0,260 3.70 4,23 9,02 4.79

6 770528 2.00 3,79 1.85 0,230 0,260 1,89 2,17 9.02 6,85

1270528 0,38 5.46 1,18 0,230 0,260 1,14 2.3% 9.02 6,61

8 770529 0.89 3,80 1.50 0,230 0,260 2,33 1.97 9.02 7.05

9 770610 11.63 9,22 1.00 0,235 0,262 3.56 3,58 8,93 5.35

10 770612 2.46 8,55 2,16 0,246 0,266 2.87 3,91 8,15 4,85

11 770617 4,50 9.33 1.60 0.246 0.266 3.20 3.92 8,75 4,83

12 770630 13.08 5.29 1,00 0,246 0,266 3.13 2.26 8,75 6.49

13 1710702 2,11 6,40 1.85 0,246 0,266 2.2 3.03 8,15 5.12

14 770705 3.13 3,480 1.98 0,246 0,266 1.55 2.20 8,75 6.55

15 770713 T7.79 19,32 1,00 0,270 0,275 3.47 7.06 0,42 1.36
16 170730 16,63 S.48 1,00 0,258 0,271 3.07 2.36 A58 6,22

17 770730 0.54 6,02 1.47 0.258 0,271 2.84 2.76 8,58 5,82
18 770802 3.17 2,08 1.35 0,246 0.266 1.20 1.44 8,75 7.32

19 __ 770804 1.71 4,55 1,12 0,246 0,266 2,89 2,06 .15 £.69
20 770806 2.29 6,96 1.49 0,246 0.266 3.03 3,05 8,75 5.70
21 770809 2,79 3,83 1.82 0,225 0,258 1.96 2,15 9.11 6,97
22.. 110825 15,07 12,44 1.00 0.205 0,250 4,01 4,48 9,50 5,02
23 770829 4.42 14,04 3.25 0,200 0.248 3.29 5.87 9.61 3,74
24 770831 1.63 10,62 3.42 0.200 0,248 2,81 4.89 9.61 4N
25....270903 kY 15,90 2.81 0,196 D.246 3.62 6.23 9,71 31,48
26 770905 1.42 12,36 3.49 0,191 0,244 3.08 5.38 9.82 4,44
27 770908 3.46 11.66 3.14 0,191 0,244 3.15 5.00 9.82 4,81
28 170924 15,42 10,52 1.00 0,183 0.240 4.23 3,70 10,03 6,34
29 770924 0.75% 8,68 1.92 0,183 0,240 3,50 3.48 10,03 6.55

30 770925 0.79 7.31 1.74 0.175 0.236 3.48 2,94 10,26 T.32
. 171017 21.63 5.86 1.00 0,159 0,229 : 4.09 2.12 10,15 8,62
32 771030 13,58 17.15 1.00 0.152 0,225 4,98 5.43 11,00 5.57

-0sT-



r

NUMBER MIN. D.O. DYS EXCEED, % EXCEED.

17 1.36 32,00 100,00
\ 2 2.08 31.00 96.88
[ 3 2,51 30,00 93,75
4 3.49 29,00 90,63
5 .74 28.00 f1.50
6 4,44 27.00 84,38
7 4,49 26,00 81,25
f 4.71 25.00 18.13
9 4.79 24,00 75.00
10 4,81 23,00 71.88
11 4.83 22.00 68,15
12 4,85 21,00 65,63
13 5,02 20,00 62.50
14 S5.315% 19.00 59,38
15 5.57 18,00 $6,.25
16 5,70 17.00 53,13
17 5.12 16,00 50.00
18 5.82 15.00 46.88
19 6,22 14,00 43,78
20 A4 13.00 40.63
21 6.49 12,00 37.50
22 6.55 11,00 34,38
23 6.55% 10,00 31,25
24 6.67 9.00 28,13
25 6.69 8,00 25,00
26 L. BS 1.00 21.88
27 6.97 6.00 18,75
28 7.0% 5,00 15,63
29 1.32 4.00 12.50
30 7.32 3.00 9,38
31 7.67 2,00 6.25
32 B.62 1.00 .13

C



10.4 APPENDIX 4

DRY WEATHER FLOW MODEL

AND DETAILED RESULTS



DWF MODEL =

TITLE

-152-_
RED RIVER o, 2" 1 . 1 TI Progrommoble

PROGRAMMER B: D.

MacBride

DATE 2> March 79 PfOQme Record‘%?

Partitioning (Op 17) 12,3,9,2,2 Library Module Printer Cards
PROGRAM DESCRIPTION
DWF MODEL -~ RED RIVER
k1 - e(T—20) Doyis = La ;l o K1xTert
La QR X BODR + Qp X BODpP 2
OrR * Qp
Qr X DRr + QD X Dp
Da = QR F Op
_ _2 _ Da(Ky-Kj)
Terit (K2 =3 ) 1n (7 (1 1(ia)
USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
K1l STO| 00
K2 STO| 01
el STO| 02
e?2 STO| 03
Q River STO| 04
B.0.D. River Ultimate STO{ 05
D.0.D. River STO| 06
Temp STO{ 07
Q Plant STO| 08
B.0.D. Plant Ultimate STO| 09
D.0.D. Plant STO| 10
Calculate Tc A K1l'!
R/S K2'
Note: ULT B.O.D. = 1.5 x B.O.D.s' R/S La
R/S Da
R/S Terit
B Derit
USER DEFINED KEYS DATA REGISTERS ([n] ) LABELS (Op 08)
A o K1 10 DO Deficit Plant | wi_ me @ R (=) &
B ' k2 11 K1 (Temp Corr) (7 () [0 [RGB __ 37 __
c 2 g1 12 Temp - 20 B O _ D) = k(X3
0 3 @2 1R GBR [—_[n_ [+ RS
E . OR iy éz‘feﬁf @) = m mom o
. S s R P E_ | _B_ER_ MmO En
B.O.D.RIVER M.?XEdB.O.D.ULT oG &I 0 .3 I3 E
B’ 6 DoOo DetR IGWD-ODET‘ m ,mﬁm, m___m._m,
¢ " Tempgr 17 K2 - K1 [ o SO - = D = QO o O
o 8 QPLANT lg Timecrit 3 B K3 B [ EE
3 9 B‘O‘D'PLANT ULt e
FLAGS 0 1 2 3 4 5 6 7 8 9

T 1977 Texas Instruments Incorporated

1014966-1



E PAGE OF TI Progrommoble @f

N [
GRAMMER___B. D. MacBride DATE Codlng For m
CODE| KEY COMMENTS ||LOC |CODE| KEY COMMENTS || LOC |{CODE| KEY COMMENTS
2nd RCL R/S
ILbl 04 2nd
A X : 1bl
RCL RCL B
00 Calculate 06 Calculate RCL
X + Initial 15 [alculate
RCL K1' RCL | peficit x Critical
02 08 ' RCL | Deficit
X X o 11
( RCL <
RCL 10 ' RCL
07 = 13
2 | RCL : (
0 o v 14 ‘ -
) = 1
STO12 | Temp-20 - STOl6 Da X
= L R/S RCL
STO11 K1 | 1 : | 11
| R/S : - . ‘ . x
~ RCL . ( |calculate  RCL
01 ICalculate ' RCL . 18
X ; 13 TCcritical )
RCL K2! - 2nd Inv
03 RCL Inx
yX 11 =
RCL ) R/S
12 ST017 Ko - K3
= X
STO13 K2' (
R/S RCL
RCL 13
04 Calculate +
X Initial RCL
RCL B.O.D. 11
05 ULT %
o+ MIXED (
RCL . 1
08 -
X RCL
RCL 16
09 X
- RCL
+ 17
( +
RCL RCL
04 11
+ +
RCL RCL
08 15
) ) MERGED CODES
STO14 |gp + Qp ) C2Hm N 7250 WY 830 MW
: _ Inx 3N M 73R BN 54NN KX
= A ER 7450m 921V* s8R
0 sto18 | mc TExas INSTRUMENTS

; instruments Incorporated TI-24151



SUMMARY OF RESULTS

-153-

DWF MODEL

May - September 1977

Existing (Secondary)

30% Removal (Primary)

No DWF Treatment

Advanced Treatment
(90% Removal)

Existing % River Flows

D.O. Concentration

Min.

Range
5.96 7.77
1.12 3.21

0 0.40
6.73 8.77
4.07 6.06

Average

6.75

1.98

0.08



RIVER PLANT INITIAL RESULTS

DO DO DO
Month Q  BOD DOQ-DEF TEMP Q  BOD DO-DEF BOD DEFICIT KL K2 Terit Porit sar. .
May 2040 1.0 1.0 20.0 118 45 4  4.67 1.16 0.23 0.26 2.98 2.08 9.17 7.09

(68)

June 1670 1.0 1.0 21.5 127 38 4 4.96 1.21 0.246 0.266 2.90 2.24 8.91 6.67
(57)

July 1540 1.0 1.0 24.0 126 41 4 5.61 1.23 0.276 0.277 2.82 2.57 8.53 5.96
(62)

August 1240 1.0 1.0 18.0 118 58 4 8.47 1.26 0.210 0.252 3.62 3.30 9.54 6.24
(87)

Sept. 1450 1.0 1.0 13.5 149 46 4 7.34  1.28 0.171 0.235 3.92 2.73 10.49 7.77
(69)

Kl = 0.23
K2 = 0.26
el = 1.047
02 = 1.016

DRY WEATHER FLOW MODEL
RESULTS FOR EXISTING
~ CONDITIONS
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Month

May

June

July

August

Sept.

o

2040

1670

1540

1240

1450

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

K1l
K2
el
02

Q
20.0 118
21.5 127
24.0 126
18.0 118
13.5 149
= 0.23
= 0.26
= 1.047
= 1.016

PLANT DO
BOD DO-DEF BOD DEFICIT
330 4.0 18.99 1l.1l6
242 4.0 18.03 1.21
231 4.0 18.39 1.23
264 4.0 23.85 1.26
227 4.0 22.06 1.28

K1

0.23

0.246

0.276

0.210

0.171

INITIAL RESULTS

K2

0.26

0.266

0.277

0.252

0.235

DO DO

Torit Perit  sar. M.
3.82 6.98 9.17 2.19
3.63 6.82 8.91 2.09
3.37 7.23 8.53 1.30
4.09 8.42 9.54 1.12
4.63 7.28 10.49 3.21

DRY WEATHER FLOW MODEL
RESULTS
PRIMARY TREATMENT ONLY
30% REMOVAL
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Month

May

June

July

August

Sept.

2040

1670

1540

1240

1450

1.0

1.0

1.0

1.0

1.0

1.0

K1l
K2
el
62

Q
20.0 118
21.5 127
24.0° 126
18.0 118
13.5 149
= 0.23
= 0.26
= 1.047
= 1.016

PLANT
BOD DO-DEF BOD

471

345

330

378

324

4.0

4.0

4.0

4.0

4.0

26.70

25.31

25.88

33.76

31.10

DO
DEFICIT Kl
1.16 0.230
1.21 0.246
1.23  0.276
1.26 0.210
1.28 0.171

INITIAL RESULTS

K2

0.260

0.266

0.277

0.252

0.235

Tcri-t

3.90

3.71

3.44

4.17

4.73

Dcrit

9.64

9.39

9.97

11.74

10.09

DO DO
SAT. MIN.

9.17 -

8.91 -

8.53 -

9.54 -

10.49 0.40

-9GT-

DRY WEATHER FLOW MODEL
RESULTS
NO DWF TREATMENT



RIVER PLANT DO INITIAL RESULTS DO DO

Month BOD DO-DEF TEMP Q  BOD DO-DEF  BOD DEFICIT K1 K2  Torit Derit sar. mIn.

o

May- 2040 1.0 1.0 20.0 118 47 4.0 3.52 1.1 0.23 0.26 2.62 1.70 9.17 7.47
June 1670 l.O l.o 21.5 127 35 4.0 3.40 1.21 0.246 0.266 2.44 1.73 8.91 7.18
July 1540 1.0 1.0 24.0 126 33 4.0 3.42 1.23 0.276 0.277 2.32 1.80 8.53 6.73
August 1240 1.0 1.0 18.0 118 38 4.0 4.22 1.26 0.210 0.252 2.87 1.92 9.54 7.62

Sept. 1450 1.0 1.0 13.5 149 32 4.0 3.89 1.28 0.171 0.235 2.92 1.72 10.49 8.77

Kl = 0.23
K2 = 0.26
6l = 1.047
e2 = 1.016

DRY WEATHER FLOW MODEL
RESULTS

90% REMOVAL ADVANCED
TREATMENT

-LST~-



RIVER ' PLANT o INITIAL RESULTS

Month Q BOD DO-DEF TEMP Q BOD DO-DEF BOD DEFICIT K1 K2 Terit Deri Sg'(l)‘ . M]@’ls)] .
May 1020 1.0 1.0 20.0 118 68 4.0 7.94 1.31  0.23 0.20 3.36  3.24 9.17 5.93
June 83 1.0 1.0 21.5 127 57 4.0 8.39 1.40 0.246 0.266 3.22 3.51 8.91 5.40
July 770 1.0 1.0 24.0 126 62 4.0 9.58 1.42 0.276 0.277 3.08 4.08 8.53 4.45

August 620 1.0 1.0 18.0 118 87 4.0 14.75 1.48 0.210 0.252 3.8 5.47 9.54 4.07

Sept. 725 1.0 1.0 13.5 149 69 4.0 12.59 1.51 0.171 0.235 4.26 4.43 10.49 6.06

K1l = 0.23
K2 = 0.26
el = 1.047
82 = 1.016

DRY WEATHER FLOW MODEL
RESULTS
% RIVER FLOWS

-8GT~



10.5 APPENDIX 5

DETAILED PRINTOQUTS

"RVRQUAL" RESULTS



RESULTS ODISSOLVED OXYGEN FACH EVENT
EVENT DATE _INTERVAL INITIAL INITIAL K1 K2 CR1T1CAL CRITICAL SATURATION MINIMUM
YYMMDD ’ DAYS BOLINLT AP AT R ) TTME=DAYS DEFICIT DISS.OXYG. DISS.0XYG.
\ i 170504 0,00 21,81 0,00 0,200 V,334 3.83 6,08 9,61 .52 y,
4 2 770505 0.46 18.75 1.63 0.2y0 U.334 3.348 5.72 9,61 3.89 )
3 770514 9.42 4.74 0,00 0,200 0.334 3.83 1.32 9,61 8,28
4 770518 346 11.87 0,295 0,230 0,350 3.41 3.56 9.902 5.46
] 770526 8,50 11,20 0.00 0,230 0.350 3.50 3.29 9,02 5.73
6 770528 2,00 3.79 0,89 0.230 0,350 2.41 1.43 9,02 7.59
1 170528 0.38 5,46 0,26 0,230 0,350 3,29 1.68 9,02 1.34
8 770529 .88 3.80 0.62 0.230 0.350 2.76 1.32 9,02 7.70
9 770610 11.63 9.22 0.00 0,235 U.353 3.45 2.73 8.93 6,20
10 770612 2:46 8,55 1,25 0,246 0,358 273 3,900 8.7% 378
11 170617 4.50 9.33 0.64 0,246 0,358 3.06 3,02 8,75 5.74
12 770630 13,08 5.29 0,00 0.246 0.358 3.35 1.59 8,75 7.16
13 7170702 2413 6.40 1.05 0.246 0,358 2,65 2.29 8,7% 6,46
14 770705 3.13 3.48 1.14 0,246 0,358 1.91 1.50 8,75 T7.26
15 770713 7.79 18.32 0,00 0.270 0.370 3.15 5.71 8,42 2.70
16 770130 16.63 D.48 0,00 0,258 0,364 3,25 1.68 8,59 6,90
17 770730 0.54 6,02 0.57 0,258 0.364 2.R7 2,04 8.58 6,55
i8 770802 3.17 2.08 0.42 0,246 U.358 2,49 0.78 8,75 7.98
19 110804 1.71 455 0.32 0,246 0,358 3,06 1.417 8,75 1.28
20 770806 2,29 6.96 0.65 0.246 0,354 2.96 2.31 B.75 6.45
21 770809 2,79 .83 0,93 0.225 0.347 2.39 1.45 9.11 7.67
22 170825 15,67 12,44 0,00 0,205 0,336 3,77 3,50 9.50 6,00
23 770829 4.42 14.04 2.24 0,200 0,334 2.98 4,64 9.61 4.97
24 770831 1.63 10,62 2.52 0,200 0.334 2.54 3.84 9.61 5,71
25 170903 .46 15,90 1.89 0,196 0,331 3,25 4,98 9,71 4,73
26 770905 1.42 12.36 2.59 0.191 U.328 2.76 4,25 9.82 5.56
27 770908 3.46 11.66 2.1Y 0.191 0.328 2.89 3.91 9.82 5.91
28 170924 15,42 10,52 0,00 0,143 0,323 4,06 2,83 10,03 7.20
29 770924 0.75 8.68 1,03 0.183 0,323 3.3 2.65 10,03 7.39
30 770925 0.79 7.31 0.86 0,175 0.314 3.4 2.19 10,26 8,08
31 171017 21.63 $.86 0,00 0,159 Ue308 ~ 4,43 1,50 10.7% 9.25
32 771030 13.58 17.15 0,00 0,152 0.303 4,56 4.30 11,00 6,71
RUN 001
CALIBRATION & SENSITIVITY
Kl = 0.23 B.0.D.,, = 1.0
U
K2 = 0.35 D.0.D. = 0.0
— J

-6ST-




( T
RESULTS DISSULVFED OXYGEN FACH EVENT
EVENT DATE _INTERVAL INITIAL INITIAL K1 K2 CRITICAL CRITICAL SATURATION MINIMUM
YYMMDD UAYS BODULT PO, DEF TIME=DAYS DEFICIT DISS.0XYG, DISS.0XYG,.
\__1 170504 0.00 21,81 1.00 0,200 0.334 31.59 6.37 9,61 1.23 J
[ 2 770505 0.46 18,75 2,50 0,200 0.339 3.13 6.01 9.61 3,59 )
3 770514 9.42 4.74 1,00 0,200 0.334 2,69 1,66 9.61 7.94
4 170518 3.46 11.87 1,12 0.230 0.350 3.08 3.84 9.02 5.18
5 770526 8.50 11.20 1.00 0.230 0.350 3.10 3.61 9,02 5,42
6 770528 2,00 3.79 1.74 0,230 0.350 1.22 1,88 9,02 7.14
1 110528 0.38 5.44 1.15 0.230 0.350 2.53 2.01 9,02 7.02
8 770529 0,88 3.80 1.43 0.230 0,350 1.68 1.70 9,02 7,33
9 770610 11,63 9.22 1.00 0,235 0,353 2,97 3,05 8,93 5.88
10 170612 2.46 8,55 1.97 0,246 0,358 2.36 3.29 8,175 5.46
11 770617 4.50 9.33 1,43 0,246 0.358 2,70 3,30 B,75 5.45
12 770630 13.08 5.29 1.00 0,246 0.35% 2,54 1.94 8,75 6.81
13 120102 2.13 6,40 1.62 0.246 0. 358 2,22 2.55 8,15 £.21
14 770705 3,13 3,48 1,74 0.246 0,358 1,04 1.85 8,75 6,90
15 770713 7.79 16,32 1,00 0.270 0,370 2,95 6,04 8.42 2,38
16 110230 16,63 5.48 1.00 0.258 0,364 ‘2,81 2.03 8,58 6,55
17 770730 0.54 6,02 1.41 0.258 0.364 2.29 2,36 8,58 6,22
18 770802 3.47 2,08 1.26 0.246 0.358 0.47 1.28 8.75 7.48
19 110804 1.71 4,55 1.04 0.246 0,358 2,311 1.75 A.1S 7.01
20 770806 2,29 6.96 1,37 0.246 0,358 2,51 2,58 8,75 6,18
21 770809 2.79 3,83 1,65 0,225 0,347 1.38 1.82 9.11 7.29
22 110828 15,67 12,44 “1.00 0.205 0,336 3,37 3,80 9,50 5.170
23 770829 4,42 14,04 2,74 0.200 0.334 2,78 4.83 9.61 4.78
24 770831 1.63 10,62 3.17 0.200 0,334 2,17 4,13 9.61 5.47
25 2170903 1,46 15.90 2.45 0.196 0.331 3,05 5.18 9.71 4.53
26 770905 1.42 12,36 3,27 0.191 0.328 2,41 4,54 9,82 5.27
27 770908 3.46 11,66 2,75 0.191 0.328 2,59 4,14 9.92 5,68
28 170924 15.42 10,52 1.00 Q.183 0.323 3.52 3.13 10,03 £.91
29 770924 0,75 8.68 1,84 0,183 0,323 2,79 2,95 10,03 7.09
30 770923 0,79 7.31 1.67 0.175 0,318 2,73 2,49 10.26 1.77
k5 771017 21,63 5.86 1.00Q 0.159 0.308 .27 1.80 10,75 R.9%
32 771030 13,58 17.15 1.00 0,152 0.303 4.17 4,56 11,00 6.44
RUN 002
CALIBRATION & SENSITIVITY
Kl = 0.23 f3.().I).[] = 1. 0
2 = _0.35 D.0.D, = 1,0
__ J

-09%T-



RESULTS DISSULVED OXYGEN EACH EVENT

EVFNT DATE . __INTERVAL INITIAL INITIAL X1 K2 CRITICAL CRITICAL SATURATI
YYMMDD DAYS  HBODULT D.0.DEF TIME-DAYS  DEFICIT  DISS.O0XYG,  DISS.OXYG.
\ 1 170504 0,00 23 8% 1.00 0,200 0,248 4,25 1.52 9.81 2,08 <
(2 770505 0.46 18,75 2,56 0,200 0,248 3,79 7.10 9,61 2,51 A

3 770514 9.42 4,74 1,00 0,200 0,248 3,40 1,94 9.61 7,67
4 120518 31.46 11.87 1.18 0,230 0,260 .65 4,53 9,02 A 49
5 770526 8,50 11.20 1.00 0,230 0,260 3,70 4.23 9,02 4,79
6 770528 2.00 3.79 1.85 0,230 0,260 1,89 2,17 9,02 6.85

1 170528 0,38 5.46 i.18 0,230 0,26 .14 2.35 9.02 A 61T

8 770529 0,80 3,80 1.50 0,230 0.260 2,33 1.97 9,02 7,05

9 770610 11.63 9,22 1.00 0,235 0,262 3,56 3,58 8,93 5,35
10 220612 2.46 R.55% 2.16 0,246 N, 266 2.812 1,91 A, 15 4,85
11 770617 4,50 9,33 1.60 0,246 0,266 3,20 3,92 8,75 4.83
12 770630 13.08 5,29 1,00 0,246 0,266 3,13 2,26 8,75 6.49
i3 170702 2,13 f.40 1.8% N.246 0,266 212 .03 P 4. 5.12
14 770705 3.13 3,49 1.9 0,246 0,266 1,55 2,20 8,75 6.55
15 770743 7479 18,32 1,00 0,270 0,275 3,47 7,06 8,42 1.36
16 170730 16,63 5.48 1.00 0.2458 0,271 .01 2,36 8,58 £,22
17 770730 0,54 6,02 1.47 0,258 0,271 2,84 2,76 8,58 5,82
18 770802 3,17 2,08 1,35 0,246 0,266 1.20 1,44 8,75 7.32
19 110804 1.1 4,55 1.12 1,246 0.20A 2,89 2,06 1,15 .69
20 770806 2,29 6.96 1.49 0,246 0,266 3,03 3,05 8,75 5,70
21 770809 2.79 3,83 1.82 0,225 0,258 1.96 2,15 9,11 6,97
22 12082% 15.81 12.44 1.00 0,205 0,250 4,01 4.48 9.50 £.02
23 770829 4,42 14,04 3.25  0.200 0,248 3,29 5.87 9,61 3,74
24 770831 1.63 10,62 3,42 0,200 0,248 2,81 4,89 9.61 4,71
25 1210903 1,46 15.90 2.081% 0,196 1,246 1.62 H.23 9,74 .48
26 770905 1.42 12,36 3,49 0,191 0,244 3,08 5,38 9,82 4,44
27 770908 3,46 11,66 3.14 0,191 0,244 3.15 5,00 9.82 4,81
28 110924 15.42 10,52 1.00 0,181 0,240 4,23 .10 10,03 6,34
29 770924 0,75 8,68 1.92 0,183 0,240 3,50 3,48 10,03 6,55
30 770925 0,79 7.31 1.74 0,175 0,236 3,48 2,94 10,26 7,32
k51 111017 21.63 5.86 1.00 0.159 0,229 - 4.09 2.12 10,15 B.62
32 771030 13,58 17.15 1.00 0,152 0,225 4,98 5,43 11,00 5,57

RUN 003

CALIBRATION & SENSITIVITY

Kl =

0.23

B.0.D.y = 1.0

K2

0.175

D‘O.D. = 100
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( Y
RESULTS DISSULVED OXYGEN FACH EVENT
EYENT DATE INTERVAL JNITIAL INITIAL K1 K2 CRITICAL CRITICAL SATURATIQON MINIMUM
YYMMDD DAYS BODULT D.O,DEF TIME=DAYS DEFICIT DISS.OXYG, DISS.0XYG.
L 1 170504 0,00 21,41 1.00Q 0,200 N.167 5.21 9.18 9,61 0.413 Y,
[ 2 770505 0,46 18.75 2,62 0,200 0.167 4,77 B.66 9.61 0.95 h
3 770514 9.42 4.74 1.00 0,200 0.167 4,43 2.35 9.61 T.26
4 170518 3.46 11,87 1,25 0,230 0,175 4,52 5.52 9,02 31,50
5 770526 8.50 11,20 1,00 0,230 0.175 4,58 5.13 9,02 3,90
6 770528 2.00 3.79 1,97 0,230 0.175 2.84 2,60 9,02 6,43
1 170528 0,38 S.46 1.2% 0,230 1,175 4.03 2,84 9.02 .18
8 770529 0.88 3.80 1,57 0,230 0,175 3.26 2.36 9,02 6,66
9 770610 11.63 9.22 1,00 0,235 0.176 4.44 4,33 8,93 4,60
10 170612 2.46 B.585 2,318 0,246 0,179 3,65 4,78 8,15 3,91
11 770617 4,50 9.33 1.81 0.246 0,179 3,97 4,82 8,75 3,93
12 770630 13,08 5.29 1,00 0.246 0,179 3,99 2.72 8.75 6,03
13 170702 2,43 6,40 2.04 0.246 0,179 .50 3,72 A.I8 5.04
14 770705 3.13 3.48 2.25 0,246 0.179 2,32 2.70 8,75 6,05
15 770713 T.79 18,32 1.00 0.270 0.185 4,25 8.50 8,42 -0.08
16 1701730 16.63 5.48 1.00 0.258 0,182 3,90 2,84 A 58 .14
17 770730 0.54 6.02 1.52 0,258 0,182 3.65 3,33 8,58 5.25
18 770802 3.17 2,08 1,46 0.246 0.179 2,14 1,69 8,75 7.06
19 170804 1.71 A.5% 1.21 0.246 0,179 1.10 2.52 8.21% fi,24
20 770806 2.29 6,96 1,63 0.246 0,179 3.82 3,73 8,75 5,02
21 770809 2,79 3.83 2,01 0,225 0.174 2,94 2,62 9.11 6,49
22 110825 15,67 12 .44 1.00 0.2085 0,168 4.99 5.45 9.50 4,05
23 770829 4,42 14,04 3,87 0,200 0,167 4.12 7.39 9.61 2,21
24 770831 1,63 10,62 .68 0.200 0,167 3,78 5.98 9.61 3,62
2% 770903 .46 15,90 .22 0.196 0.166 4.53 1.15 9,11 1.96
26 770908 1.42 12,36 3.73 0.191 0.164 4,09 6.58 9.82 3.23
27 770908 3.46 11.66 3,60 0,191 0.164 4.06 6.25 9.82 3,56
28 110924 15.42 10,52 1.00 0.183 0.162 5.30 4.52 10,03 551
29 770924 0.75 8.68 2,00 0.183 0.162 4,57 4,26 10,03 5.78
30 770928 0.79 7.31 1.81 0.175 0.159 4,59 3.60 10,26 6,67
31 111017 21.63 S.86 1.00 0,159 N.154 = S5.31 2.60 10,75 B.15
32 771030 13,58 17.15 1.00 0.152 0.152 6,20 6,70 11,00 4,30
RUN 004
FINAL CALIBRATION
K1 = 0.23 B.0.D.y =
K2 = 0.26 D.0.D. =
L J
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RESULTS DISSOLVED OXYGEN EACH EVENT

EVENT DATE __INTERVAL INITIAL INTTIAL K1 K2 CRITICAL CRITICAL SAT
YYMMDD DAYS BODULT D.0.DEF TIME~DAYS DEFICIT DISS.OXYG, DISS.0XYG,

\ 1___ 7270504 Q.00 21,81 1.00 0.200 0.420 1.14 5.55 9,61 4,05
[ 2 770505 0.46 18,75 2,43 C.200 0,420 2.67 5.24 9.61 4.36
3 770514 9.42 4.74 1,00 0.200 0.420 2,18 1.47 9.61 8,14

4 770518 3,46 11,87 1.07 0,230 0,440 2.8 3,35 9,02 5,61

5 770526 8.50 11,20 1.00 0,230 0.440 2,68 3.16 9.02 5,86

6 770528 2,00 3.79 1.64 0.230 0.440 0.70 1.69 9.02 7.33

1. 110528 0.38 5.46 1.12 0.2310 0,440 2.10 1.16 9.02 1.26

8 770529 0.88 3,80 1.36 0.230 0,440 1.20 1.51 9.02 7.51

9 770610 11.63 9,22 1.00 0.235 0.444 2.56 2,68 8,93 6,25
10770612 2,46 B8.55 1.81 0,246 0,451 2.01 2.85 8,15 5.91
11 770617 4.50 9.33 1.1 0.246 0.451 2,35 2,86 8,75 5.89
12 770630 13.08 5.29 1,00 0.246 0,451 2,12 1.71 8,75 T.04
11770702 2,13 6.40 1.52 0,246 0.451 1.89 2.20 B.1S A.55
14 770705 3,13 3.48 1.55 0,246 0,451 0.70 1.60 8,75 7.15
15 770713 7.79 18,32 1.00 0.270 0,465 2,58 5.30 8,42 3.12
16 770730 16.63 5.48 1,00 0.258 0,458 2,11 1,79 8,58 £,79
17 770730 0.54 6,02 1.36 0,258 0.458 1.91 2,08 8.58 6,51
18 770802 3.17 2,08 1.19 0.246 0,451 -0,19 1.19 8,75 7.56
19 770804 1,73 A.55 0,917 0,246 0,451 2.00 1.52 8,15 1.23
20 770806 2.29 6,96 1.26 0,246 0.451 2,16 2,24 8,75 6,52
21 770809 2,79 3,83 1.50 0,225 0,437 0,96 1.59 9.11 7.52
22 ___71082% 15,67 12,44 1.00 0,205 0,423 2.91 3,32 9.50 .18
23 770829 4.42 14,04 2,35 0,200 0,420 2.45 4.13 9,61 3.50
24 770831 1.63 10,62 2.94 0,200 0.420 1.73 3.59 9.61 6,01
2% 770903 .46 15.90 2,16 0,196 0,416 2.61 4,44 9,71 5,21
26 770905 1,42 12,36 3.06 0,191 0.413 1.95 3.9% 9.82 5.87
27 770908 3.46 11,66 2,42 0.191 0.413 2,23 3,53 9.682 6,29
28 770924 15.42 10,52 1.00 0.1H3 0,406 3.02 2.13 10,03 7.31
29 770924 0,75 8,68 1.77 0,183 0.406 2,29 2,57 10,03 7.46
30 770923 0,79 7.31 1.60 0.175 0,400 2,20 2,17 10,26 8,09
3y 771047 21,61 5.86 1.00 0,159 0,388 2.61 1.58 10,175 9.17
32 771030 13,58 17.15 1.00 0,152 0,381 3.61 3,95 11.00 7,08

RUN 005

CALIBRATION & SENSITIVITY

K1l

B.0.D.y

1.0

K2

D.O.D.

1.0
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RESULTS DISSOLVED OXYGEN FACH EVENT
EVENT DATE __INTERVAL INITIAL INITIAL K1 K2 CRITICAL CRITICAL SATURATION MINIMIM .
YYMMDD DAYS BODULT N.0O,DEF TIMF=DAYS DEFICIT DISS.0XYG, DISS,.0XYG. 4
\ 1 110504 0.00 22.62 1.00 0,200 0.334 .00 A 60 9,61 3.00 ]
( 2 770505 0.46 19.49 2.56 0,200 0.334 3.14 6.24 9.61 3.37 R
3 770514 9.42 5,72 1,00 0.200 0.334 2,90 1.92 9.61 7.68
4 170548 3.46 12,69 1.17 0,230 0,350 3.09 4,10 9,02 4,92
5 770526 8.50 12.08 1.00 0,230 0.350 3,13 3,86 9.02 5.16
6 170528 2.00 4,64 1,81 0.230 0.350 1,61 2.11 9,02 6,91
1 110528 0,38 h.23 1.21 0.230 0,350 2.61 2.25 9.02 6£.18
8 770529 0.688 4,52 1.51 0.230 0.350 1.90 1.92 9,02 7.10
9 770610 11.63 10,18 1.00 0.235% 0,353 3,02 3,34 8,93 5.59
10 170612 2.46 9.217 2.10 0.246 0,358 2.31 31.55 8,15 5.20
11 770617 4,50 10,05 1.49 0,246 0,358 2,72 3,53 8,75 5,22
12 770630 13.08 6426 1,00 0.246 0,358 2,67 2,23 8,75 6,52
13 1107102 2.13 1.08 1.86 0.246 0,358 2.2% . 2.82 A.15 £.93
14 770705 3.13 4,07 1.86 0.246 0,358 1.26 2,05 8,75 6,70
15 770713 7.79 19.20 1,00 0,270 0.370 2,96 6,31 8,42 2,11
16 210130 16.03 H.46 1.00 0,258 0.364 2.63 2,32 .58 6,26
17 770730 0,54 6.88 1.52 0,258 0,364 2.35 2.66 8,56 5,92
18 770802 3.17 2.94 1.32 0.246 0,358 1.30 1.47 8,75 7,29
19 110804 1.21 5.21 1,11 N, 246 0,358 2.39 2.0% 8.15 £.1%
20 770806 2,29 7.63 1.47 0,246 0.358 2,53 2,81 8,75 5,94
21 770809 2,79 4,52 1.73 0,225 0,347 1.64 2.03 9.11 7,09
22 1720828 15.672 13,41 1.00 0.205 0,334 3,40 4,017 9.%0 5.4
23 770829 4,42 14,61 2.92 0.200 0,334 2,76 5.05 9,61 4,56
24 770831 1.63 11.11 3,27 0,200 0.334 2,19 4,30 9,61 5,30
5 170903 .46 16,38 2.54 0,196 0.331 3.0% 5.34 Q.71 4,131
26 170905 1.42 12,80 3.35 0.191 0.328 2,43 4.69 9.82 5.13
27 770908 3.46 12,06 2,82 0.191 0.328 2.60 4.27 9,82 5,54
28 7170924 15.42 11.44 1.00 0.183 0.323 1.56 1,31 10,03 6. 66
29 770924 0.75 9,50 1,93 0.183 0.323 2,85 3.19 10,03 6,84
30 717092% 0.79 8,05 1.75 0,175 0.318 2.81 2.70 10,26 7.56
k31 1110172 21.63 H.B4 1.00 0,159 0.308 3.45 2.04 10,1% 8.10
32 771030 13.58 18,11 1,00 0.152 0,303 4,19 4,80 11,00 6,20
RUN 006

CALIBRATION & SENSITIVITY

Kl = 0.23

B.0.D.,

= 2.0

K2

i
o
L]
w
ui

D.0.D.

1.0

Il
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RESULTS DISSOLVED OXYGEN EACH EVENT
EVENT DATE INTERVAIL INITIAIL INITIAL K1 K2 CRITICAL CRITICAL SATHRATION MINIMUM
YYMMDD DAYS BODULT D.N.DEF TIMF~-DAYS DEFICIT DISS.0XYG, DISS.0XYG,
\__ 1 1710504 0,00 21.81 i1.00 0,148 N.334 4. .06 5.11 9.A01 4,30 J
[ 2 770505 0.46 19.18 2.09 0.148 0.334 3.59 5.00 9.61 4.60 R
3 770514 9.42 4.74 1.00 0.148 0.334 2.72 1.41 9.61 8,20
4 270518 31.46 11.9% 1.07 0.170 0,3%0 3.46 3,23 9,02 S.80
5 770526 8.50 11,20 1.00 0.170 0.350 3.46 3,02 9,02 6,00
6 170528 2,00 4,07 1.55 0.170 0.350 1.15 1.63 9,02 7.40
1 2710528 0,38 5.4 1.10 0,110 0,350 2.16 1.15 9,02 T1.28
8 770529 0.88 4,15 1.30 0.170 0.350 1.76 1.49 9,02 7.53
9 770610 11.63 9,22 1.00 0.174 0.353 3.29 2.56 8,93 6.37
10 170612 2.46 B.93 1.72 0,182 0,358 2.61 2.719 R,15 5.96
11 770617 4,50 9.59 1.37 0.182 0.358 2,99 2,83 8.75 5.93
12 770630 13,08 5.29 1.00 0.182 0.359 2.69 1,64 8,75 7.11
13 170702 2.13 £.12 1.45 0.1R2 0.358 2.51 2.16 .15 £.5%9
14 770705 3.13 3.97 1,59 0.182 0.358 1.07- 1.66 8.75 7.09
15 770713 7.79 18,32 1.00 0,200 0,370 3.34 5.07 8.42 3,34
16 110230 16.63 5.48 1,00 0,191 0.364 2.68 1,12 B.58 6,86
17 770730 0.54 6.18 1.27 0.191 0.364 2.53 2,00 8,58 6,59
18 770802 3.17 2.25 1.20 0,182 0,358 -0,29 1.20 8.75 7.55
19 110804 1.71 A, 214 £.99 0,182 0,358 2.55 1.51 B.15 1.25%
20 770806 2.29 7.21 1.26 0,182 0.358 2.79 2.20 8.75 6,55
21 770809 2,79 4,20 1.50 0.166 0.347 1.35 1.61 9,11 7.51
22 11082% 15.67 12.44 1.00 0.152 0.336 3,16 3.117 9.50 6,13
23 770829 4,42 14,86 2.39 0.148 0.334 3.16 4.13 9.61 5.48
24 770831 1.63 11.91 2.1 0.148 0.334 2.57 3.61 9,61 5.99
25 120903 .46 16.99 2.29 0,145 0.331 31.42 4,53 21 5.18
26 770905 1.42 13,82 2.80 0.141 0.328 2.84 3.99 9,82 5.83
27 770908 3.46 12,77 2,54 0.141 0,328 2,87 3.66 9,82 6.15
28 770924 15.42 10,52 1.00 0,135 0,323 .88 2.60 10,03 1.43
29 770924 0,75 8,97 1.59 0.135 0,323 3,13 2,46 10,03 7.58
30 770925 0.79 7.75 1.48 0.129 0.318 3.04 2,12 10,26 8.14
31 171017 21.63 . 5.86 1.00 0,118 0.308 3.36 1.51 10.7% 9.24
32 771030 13,58 17,15 1.00 0.112 0,303 4,65 3,77 11,00 7.24
RUN 007
CALIBRATION & SENSITIVITY
Kl = 0.17 B.O.D. u = 1.0
K2 = 0.35 D.0.D. = 1.0
- )
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RESULTS DISSOLVED OXYGEN EACH EVENT
EVENT DATE _INTERVAL INITIAL INITIAL X1 K2 CRITICAL CRITICAL SATURATL _
YYMMDD DAYS BODULT D,.0.DEF TIME=DAYS DEFICIT DISS.0XYG, DISS,0XYG, 4
\__ 1 ___770%04 0.00 21,81 1.00 0,306 0.334 2.98 8.04 9,61 1.57 y
( 2 770505 0,46 17,93 3.29 0,306 0,334 2,52 7.59 9.61 2,01 o
3 770514 9.42 4.74 1.00 0,306 0,334 2.43 2.07 9,61 7.54
4___770518 31,46 11.74 1.19 0,351 0,350 2.51 4.19 9,02 4,24
5 770526 8.50 11.20 1,00 0,351 0.350 2.60 4,51 9,02 4,51
6 770528 2,00 3.33 2,05 0,351 0,350 1.10 2.27 9,02 6.75
1. 770528 0,38 5.00 ~ 1.23 0,351 0.3%0 2.15 2,35 9,02 f.67
8 770529 0,88 3.23 1,63 0,351 0,350 1.42 1.97 9,02 7.05
9 770610 11,63 9,22 1.00 0,359 0,353 2,51 3.81 8.93 5,12
10170612 2.46 7.94 2.35 0.316 0,358 1.94 4,02 8,15 - 4,74
11 770617 4.50 9,01 1.47 0,376 0,358 2,29 3,99 8,75 4,76
12 770630 13,08 5,29 1,00 0.376 0,358 2,22 2,40 8,75 6,35
13 7710102 2.13 %.87 2.01 0,376 0,358 1.82 .11 8.75 %,65
14 770705 3.13 2,81 1.90 0,376 0.358 0.95 2.06 8,75 6,70
15 770713 T.79 18,32 1,00 0,412 0.370 2,43 7.51 8,42 0,91
16 770730 16,63 5.48 1.00 0.394 0364 2,18 2.51 8,58 £.07
17 770730 0,54 5.73 1.68 0.394 0.364 1.90 2.93 8,58 %.65
18 770802 3.17 1.86 1,33 0.376 0.358 0,85 1.42 8,75 T.34
19 770804 1.71 PR Y 1,11 0,376 0,358 2,04 2,10 8,15 5.65
20 770806 2.29 6.59 1,53 0,376 0,358 2.11 3.13 8,75 5,63
23 770809 2.79 3.30 1.83 0,343 0.347 1.27 2.11 9,11 7.01
22 ____77082% 15,67 12.44 1.00 0,311 0,336 2,82 4.8 9,50 4,72 N
23 770829 4,42 12,88 3.16 0,306 0,334 2,32 5.81 9.61 3,80 [
24 770831 1.63 8,71 3.88 0,306 0.334 1.64 4,83 9,61 4,78 oy
|__ 25 2704903 .46 14,53 2.51 0.299 0,331 2.59 6,04 Q.11 .67 a
26 770905 1,42 10,31 4,03 0,292 0,328 1.85% 5.33 9,82 4,48 1
27 770908 3.46 10,27 2,88 0,292 0,328 2.25 4,73 9,82 5,08
28 770924 15,42 10,52 1.00 0.2179 0,323 2.94 1,95 10,03 6.08
29 770924 0,75 8.14 2,33 0.279 0.323 2.28 3.72 10,03 6,31
30 770928 0,79 6,50 1.99 0,266 0,318 2.24 2.99 10.26 T.27
317171011 21.63 5.86 1.00 0.243 0.308 - 2,93 2.21 10,75 A 48
32 771030 13,58 . 17.15 1.00 0.232 0.303 3.50 5.082 11,00 5,18
RUN 008
CALIBRATION & SENSITIVITY
K1 = 0.351  B.0.D.y = 1.0
K2 = 0.35 D.Q.D =1.0 i
- J




RESULTS  DISSULVED UXYGED FaCH FVEod
EVENT ALK JHTERYAL 1MET AL 1031 o b2 CRATICAL CRITICAL SATUKRATIUN MINIMUM 3
YYAMDD LAYS BOUOLT [ PP TTuk«DAYS DiE LCET DILS IKYG, DISS.QLAYG, 4
1 170504 U, Ut 23,29 1,00 04,200 U.244 1,76 8,01 9,61 1,59 J
{ 2 770505 Uedh 2,26 2.0 0, 2u0 V.48 .84 7.96 9.61 1.65 )
3 170514 Y.42 S. 09 1.0 0.7200 G.274% 3.417 2.04 9,61 7.57
4 770518 3449 12,65 1,29 U.230 Ues6by - 3,67 4,41 9,02 4,21
5 170526 .50 11.61 1.0v 0,730 U.260 3,71 4,37 9,02 4,65
6 170529 2.00 4,02 1.4y 0,230 U.2h0 1.98 2,26 9.02 6,77
1 770528 0,38 5,748 1,19 0,230 Ueeby 3,18 2,46 9,02 6,56
[} 714529 U.BH 4,20 1,53 0.230 0.260 2.40 2.11 9,02 6.91
9 170610 11.63 9.56 1,00 0,235 0,262 3.58 3.70 8.93 5,23
10 170612 2.46 9,05 2,22 0,246 U,26hb 2,90 4,10 8,75 4,65
11 770617 4,50 10,05 1.6% 0,246 U, ¢bb 3.23 4,19 8,75 4,56
12 770630 13.08 5,53 1.00 0,246 0,260 3.16 2.35 8,75 6.41
13 170702 4213 6,83 1,90 0,246 Uedb66 2,76 3,20 8,75 5,55
14 TT707u5 3.13 3.90 2.00 0,246 VL2606 1,71 2.37 8,75 6,39
15 770713 7.79 14,74 1.00 0,270 v,27% 3.47 7.2% 8,42 1,21
16 110730 16,63 5,56 1,00 0,258 Ua271 3,09 2239 8,58 6.19
17 770730 V.54 6.18 1.48 0,258 0,271 2.85 2,82 8.58 5.76
18 T7v802 3.17 2.34 1.30 0,246 V.266 1.47 1.50 8,75 T.25
19 170804 1.71 4,88 1.1% 0,246 U,266 2,93 2219 8,75 6,56
20 170806 2.29 T.34 1.54 0,246 U.2hb 3.04 3.2% 8,75 5.54
21 770809 2,79 4,06 1,84 0.225 0.258 2.02 2.25 9,11 6,87
22 17082% 15,67 13,33 1,00 0,205 04450 4,04 4,78 9,50 4,73
23 770029 4.42 14,63 3.44 0.200 0.248 3.217 b.14 9.61 3.46
24 770831 1.63 11.20 3,53 0,200 0,248 2.84 5.12 9.61 4,49
25 1720903 J.46 16,42 292 0,196 0,240 3,60 6,38 9,11 333
26 770905 1.42 12,81 3.55 0.191 0.244 3.14 5.54 9.82 4,28
27 770908 3.46 13.47 3.23 0,191 0,244 3.32 5.60 9,82 4,22
ri] 170924 1%.42 11.28 1,00 0,183 0e240 4,21 3,94 10,03 6,10
29 770924 V.75 9.52 2,00 0.183 Ue240 3.57 3.77 10,03 6,26
30 770925 0,79 8.12 1,83 0,175 0.236 3.56 3.22 10,26 7.04
k51 171017 21,63 6,58 1.0 0,159 Upatd29 4,22 2234 10,7% 8,41
32 771030 13,58 17.69 1.00 0,152 Ue22Y 4,99 5.59 11,00 5.41
RUN 009
PRIMARY TREATMENT
OF DRY WEATHER FLOW
\_ J
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RESULTS  DISSULVED HXYGE WACH FVENT
| EVENT DATE__ 1V EERVAL 191N Tuialal, w1 K2 CRITICAL CRITICAL SATURATTUN MINIMUM 1l
YYMMDUD DALS (SN AN Froak=Davy DL LCET DISSOXY 6. DISS.OXYG. 4
{1 770504 V.00 24,14 1,900 0,200 U,24b 4,27 8,29 9,61 1,31 )
r 2 770505 Vadb 22.60 2.74 0,200 Uelhb 3,87 8,44 9,61 i.16 )
3 770514 Y.42 H.27 1.00 0,200 V248 3.51 2,11 9.61 7.50
[y 770518 3.46 13,1n 1.,2) 0,240 Uedby 3,68 4,99 9,02 4,03
[ TT0526 'Y 11.87 1.00 n,230 0,260 3.72 4,47 9,02 4,56
6 770528 2,00 4.10 1.91 0,230 V260 2.03 2,31 9,02 6,71
1 770528 0438 52917 1,20 0,230 Uy 260 3,20 2453 9,02 6,499
-] 770529 0.88 4.43 1.56 0.230 0.260 2.52 2.19 9,02 6,83
9 T7u610 11.63 9.43 1,00 0,235 U262 3.59 3.79 8.93 5.14
10 710612 2046 9,45 2,26 0,246 Ue266 2,92 4,25 8,75 4,50
11 7706147 4,50 10.74 1 .64 0.296 0,260 3.26 4,45 8,75 4,31
12 170630 13.08 5.70 1.00 0,246 V.266 3.19 2,40 8.75 6.35
13 170792 2213 1,07 1.94 0,246 0,266 2,786 3,30 8,75 9.45
14 770705 3.13 4.14 2.11 0.246 0.266 1.79 2.47 8.75 6,29
15 770713 7.79 19.00 1.00 0,270 0,275 3.44 7.30 6,42 1.11
16 179730 16,63 5266 1,00 0,258 Ua273 3.1 2.43 8,58 6,15
17 770730 0.54 6,35 1.49 0.258 0.271 2,87 2.89 8.58 5.69
18 770802 3.17 2.51 1,34 0,246 0.2606 1.63 1,56 8,75 7.20
19 1106804 1a21 Sa11 1.19 0,246 Q260 2296 2.3 8,15 6.45
20 77u806 2,29 T.66 1.59 0.246 0.2006 3.05 3.34 8,75 5,42
21 770809 2.79 4.23 1.92 0,225 V.258 2.06 2.32 9.11 6,79 1
22 170825 15,67 13,88 1,00 0,205 0,250 4,006 4,96 9.50 4.55 s
23 770829 4.42 1%.07 3.56 0,200 0.248 3.27 6.33 9,61 3.27 N
24 770831 1.63 11,82 3.62 0,200 U,248 2.89 5,35 9.61 4,25 w
25 110903 .46 160,53 3.0% 0,196 02,286 3,58 6,53 9,74 3,18 [
26 770905 1.42 13,31 3.60 0,191 V.244 3.15 5.72 9,82 4,10
27 770908 3.46 14.75 3.33 0.191 Ue244 3.40 6,04 9.R82 3.78
28 770924 15,42 11,90 1,00 0,183 0,240 4,29 4,13 10,03 5,90
29 770924 0,75 10,20 2.06 0,183 0,249 3.62 4,014 10,03 6,03
30 770925 0.79 8,79 1.90 0,175 V.236 . 3.62 3.45 10,26 6,81
31 171017 21,63 1,08 1,00 0,159 Ue22Y 1,29 2,48 10.7S 8,27
32 771030 13,58 18.06 1.00 0,152 Va225 5.00 5,70 11.00 5.30
RUN 010
NO DRY WEATHER
FLOW TREATMENT
\_ J




Y
r RESULTS DISSULVED UXYGEM EACH EVENT .
EVENT DATE INTERVAL INITIAL TNITIAL nt K2 CRITICAIL CRITICAL SATURATION MINIMUM M4
YYAMDD DAYS BODULT - D U DEF TIME=0AYS DEFLCET DISS.OXYG, DISS.0XYG, 4
\_. 1 170504 0,00 17.63 1,00 0,200 0244 4,19 6.1% 9,61 3,46 J
r 2 170505 V.46 15.21 2.74 0,200 U.244 3.73 5,82 9,61 3,78 B
3 770514 9.42 3,98 1.00 0.200 0.248 3.18 1.70 9.61 7.91
4 170518 3.46 9,92 1.13 0,240 0,260 3.59 3.8%9 9,02 . 3% W]
5 770526 8,50 9,21 1,00 0.230 V. 260 3.61 3,55 9,02 5.47
6 770528 2,00 3,22 1.66 0.230 04260 1.74 1.91 9.02 7.11
1 170528 0,38 4.58 1.14 0,239 Ua260 2,99 2,04 9,02 6,98
8 770529 .88 3.25 1.3y 0,230 0.260 2.117 1.74 9,02 7.28
9 770610 11.03 1.54 1,00 0,235 V.262 3.4¢6 3,00 8.93 5,93
10 770612 2.46 71.08 1.91 0,246 0,266 2,79 .29 8,75 5.46
11 1706147 4,50 7.85 1.47 0.246 V.260 3.14 3.3y 8,75 5,40
12 770630 13.08 4.46 1.00 0,246 U.266h 2.98 1.98 8,75 6,78
13 1707492 2413 5,39 1,617 0,246 0,260 2,62 2.59 8,75 6,16
14 170705 3.13 2.98 1.76 0,246 U.266 1.45 1,93 8,75 6.82
15 770713 7479 15,33 1,00 0,270 0,275 3.43 5.97 : 8.42 2.45
16 170730 16,63 4.50 1,00 0,258 0,27} 2,92 2.02 8.58 6.56
17 770730 0,594 4,94 1.36 0.258 v.271 2.71 2.34 8,58 6,24
19 770802 3.17 1.88 1.27 0,246 0,266 1,09 1.33 8,75 7.43
19 770804 1.71 3,85 1.09 0.246 0,266 2.14 1.81 8,15 6,94
20 770806 2.29 5,80 1,38 0,246 V.260 2.93 2.61 8.75 6,15
21 770809 2.79 3,26 1.64 0,225 0.258 1.82 1,89 9.11 7.23
22 170825 15.67 10.15 1,00 0,205 V250 3,92 3,72 9,50 5.18 1
23 770829 4,42 11,54 2.75 0,200 0,248 3.25 4,806 9,64 4,74 =
24 770831 1.63 6,88 2.94 0.200 0,248 2.76 4.13 9,61 5.48 8;
25 7170903 3.46 13.24 2.45 0,196 0,240 3,58 5.23 9.11 4,49 |
26 770905 1.42 10.32 3.04 0.191 U.244 3,01 4,55 9,82 5,217
27 770908 3.46 9,176 2.73 0.191 Uv.244 3.1v 4,23 9.82 5.59
28 7170924 15,42 6,78 1,00 0,183 0,240 4,12 3,15 10,03 6,89
29 770924 0.75 7.30 1.74 V.163 0,240 3.40 2.98 10,03 7,05
30 77092% 0.79 6.19 1.60 0.175 0.236 3.35 2.55 10.26 7.71
31 171017 21.63 4,98 1,00 0,159 0,229 3.89 1,87 10,75 8,88
32 771030 13,58 14,24 1.00 0.152 V225 4.90 4,56 11,00 6.44
RUN 011
25% TREATMENT OF COMBINED
SEWER OVERFILOWS
\__ J




50% TREATMENT OF COMBINED

SEWER OVERFLOWS

—
RESULTS DISSOLVED UXYGEN FACH EVENT )
EVENT DATE __INTERVAL INLTLAL INITIAL K1 w2 CRITICAL CRITICAL SATURATION MINIMUM 1

YYMMDD UAYS BORNLT (RIS TIMF=DAYS DEFLICLT DISS.OXYG. DISS.0XYG,. 4

\_ 1 170504 0,00 13.4% 1,00 0,200 0,248 4,190 4,78 9,61 4,83 Y,

( 2 770505 V.46 11,06 1.92 0,200 0.248 3.64 4,5% 9,61 5.06 )

3 770514 9.42 3.2t 1.00 0,200 0,248 2.86 1.46 9.61 8.14

4 170518 3.46 1.98 1,09 0e230 0,260 3,49 3.16 9.02 5,86

5 770526 ¥.50 7.22? 1.00 0,230 0,260 3,48 2.87 9.02 6,15
6 770528 2,00 2.04 1.50 0.230 0.260 1.52 1.65 9,02 7.37
1 170528 0438 3210 1,19 0,230 0,260 221717 1.73 9,02 J.29
] 770529 0,88 2.69 1.29 0,230 0,260 1.94 1.52 9.02 7.50
9 770610 11.63 5.87 1,00 0.235 U.262 3.29 2.43 8,93 6,50
19 1706312 2046 5,60 1,66 0,246 0,266 2.69 2.67 8,79 6,08
11 770617 4,50 6,37 1.33 0.246 V. 2606 3.05 2.78 8,75 5.97
12 770630 13,08 3.63 1.00 0.246 0.2606 2,77 1.70 8,75 7.06
13 179792 2233 4,30 1.48 0,246 0,266 2.48 2.16 8,75 6,60
14 770705 3.13 2.48 1.55 0,246 0.266 1.31 1.66 8,75 7.09
15 770713 7.79 12,33 1.00 0.270 0.275 3.37 4,84 8.42 3,54
16 170730 16,63 3.52 1,00 0,248 Uadl} 2,68 1.68 8,58 6,90
17 770730 0.54 3.86 1.26 0,258 v.271 2.51 1.93 A58 6,66
18 770802 3.17 1.67 1.14 0.246 0.260 0.96 1.22 8,75 7.53
19 170804 174 3.14 1,05 0,245 Vo260 2.52 1.56 8.15% 149
29 770806 2.29 4,04 1.21 0,246 0,260 2.78 2.16 8.75 6,59
21 770809 2,19 2.68 1.47 0.22% 0.258 1.61 1.63 9.11 T7.49
22 770825 15,67 1.86 1,00 0,205 0,259 3,78 2,91 9,50 6,53
23 770829 4,42 9.05 2.26 0,200 0,248 3.19 3.86 9,61 5.75
24 770031 1.03 T.13 2,40 0,200 0.248 2.68 3,37 9,61 6,24
25 170903 3,46 10,58 2,09 0,196 0.246 3,54 4,24 9,73 5,47
26 770905 1.42 8,27 2.58 0,191 U,.244 2.91 3.71 9,82 6,10
27 770908 3.46 7.85 2.31 0.191 v,244 3.01 3.46 9,82 6,36
28 770924 15,42 7,04 1,00 0,183 0.240 3.96 2,60 10,03 7,44
29 770924 0.75 5.92 1.57 0.183 0,240 3,24 2.49 10,03 7.55
39 770925 0.79 5.07 1.46 0,175 0.230 3,17 2,16 10,20 8.11
31 771017 21.63 4,10 1,00 0,159 V.229 3.59 1.61 10,75 9,14
32 771030 13,58 11.32 1,00 0,157 0,225 4,77 3.70 11.00 7.31

RUN 012
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r ™
RESULES  DISSOLVED GXACr™ faCH Vet
_EVENT __ DRPE LetReval. 1T, Lish{1al Sl W? __ CPLTICAL CRLTECAL SATIRATTION MINTMOM
YYMMODD OAYS ity 1 L L PR R TIwk=DaYo NEFELCLT DISS . OXYG, LDTISS.0XYG,
\ 1 179504 Ya00 9,27 1,00 0,200 0,244 3,93 3.4} 9,61 6,20 v,
[ 2 77u5u5 Uedh [ 1.6 0,200 U, 24U 3.47 3.24 9.h1 6.33 )
3 7170514 Yo42 Zodh 1.00 04200 U.2684 2.33 1.24 Q.61 8,37
4 179518 3.46 LUl L.V4 0a230 Va260 .33 PI] ] 9,02 6.5%4
5 1705206 B.b50 5,73 1.0u 0,730 U.26u 3.25% 2.19 9,02 6,83
o 770528 2,00 Z.07 1.33 0,230 V. 260 1.17 1.40 9,02 7.62
i 170528 V.38 2,82 1,00 0,230 Ualby 2.41 1.43 9.02 1.59
8 11708529 0.bH 2.14- 1.18 0.230 V. 260 1.59 1,31 9.02 7.71
9 170610 11,063 4,20 1.0v 0,235 U, 262 3. 00 1.80 8.93 7.07
10 770612 2,46 4,13 1,41 0,246 Ue4bb 2.59 2.06 8,75 6,69
11 770617 4.50 4.89 1.2v 0,246 Ue26b 2.90 2422 B,7% 6.54
12 770630 13,uH L.HO 1.00 0.7246 U.200 2,43 1.42 8,75 7.33
13 170702 2a13 3225 1,30 0,246 02266 2425 1.73 8,15 1,03
14 170705 3.13 1.98 1.33 0,246 U.206 t.10 1,40 8,75 7.36
15 770713 7.79 9.33 1,00 0,270 0,275 3,27 3.79 8.42 4,63
16 770130 16,63 4255 1,00 0,258 0,273 2.25 1.36 8,58 1.22
17 770730 0,54 2.78 1.1% 0,258 0.271 2.16 1,52 8,58 7.06
18 770802 3.17 1.46 1.09 0.246 0,266 0,78 1.12 8.75 7.64
19 170804 1,71 2244 1,02 0,246 04,260 2.18 132 8,75 1.43
20 170806 2.29 3.49 1.10 N,240 U, 266 2.54 1.73 8,75 7.03
21 770809 2,79 2.11 1.29 0.225 V.25 1.30 1.37 9.11 7.74
22 170825 15,67 5,57 1,00 0,205 Ue50 3.52 2,22 9.50 7,28
23 770829 4,42 6.5% 1.77 0.200 0.248 3,09 2,85 9,61 6.75
24 770831 1,63 $.38 1.98 0,200 0.248 2.56 2,60 9.61 7.00
22 170903 3246 1,93 Jal3 0,196 Ug 240 3,40 3,24 9.71 6,417
26 770905 1.42 6,23 2.12 0,191 0,244 2,75 2.84 9,82 6,93
27 770908 3.46 5,95 1.89 0.191 0.244 2.87 2.69 9.82 Te12
28 170924 15,42 5,30 1,00 N,183 \1,240 3,69 2,05 10,03 71,98
29y 770924 0.75% 4,53 1,3y N.192 U.249 2,99 2.00 10,03 8,04
30 170925 0.79 3.96 1.32 0,175 0,230 2,87 1.77 10.26 8,49
31 171047 21,63 3,22 1,00 0,159 Ve229 3,1 1,36 10,75 9,38
32 771030 13.5¢K 8,40 1.00 0,152 1,225 4,50 2.83 11,00 8,17
RUH 013
75% TREATMENT OF COMBINED
SEWER OVERFLOWS
__ J
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( RESULTS DISSULVED UXYGEM KACH EVENT
EVENT PATF.___ INTERVAL INITLIAL INITIAL K3 \ ¥4 CRITICAL CRITICAL SATURATION MINIMUM fl
YYMMDD UVAYS BODLULT DO DEE TIME=DAYS DEFICIT NISS . UXYG,. DISS.0XYG, 4
\_ i 179504 Q00 11.56 1,00 0,200 U748 4,04 4,16 9,61 5,45 )
[ 2 770508 v.ab 10.13 1.7 0,200 0.248 3.58 3.99 9,61 5.61 )
3 770514 9.42 2.96 1.00 0,200 0.248 2.72 1.39 9.61 8.22
4 770518 3.46 6,54 1,07 04230 0,260 3,37 2467 9,02 6,35
5 770526 B.50 b.14 1.00 0,230 0.260 3.37 2.50 9,02 6,52
[ 170528 2.00 2,37 1,41 0,230 U.260 1.39 1.52 9,02 7.50
1170528 0,38 3,18 1,08 0,230 0,260 2,51 1.56 9,02 1.47
8 7170529 V.88 2.33 1,23 0,230 0,260 1.72 1.39 9,02 T.63
L] 770610 11.63 5,23 1,00 0,235 0,262 3.20 2.23 8.93 6,72
10 170612 2,46 4,84 1,56 0,246 U,266 2,58 2238 8,75 6,38
i1 770617 4,50 5.46 1.70 0.246 0.266 2.96 2.44 8,75 6,31
12 770630 13,08 3.21 1.00 0,246 0.7266 2.62 1.56 8.,7% 7.20
13 1101702 2213 3,61 1.39 0,246 0,266 2231 1,89 8,75 6,86
14 770705 3.13 2.11 1.40 0.246 U, 260 1.13 1,48 8,7% T.27
15 770713 T.79 9,69 1,00 0,270 V.27 3.29 3.92 8.42 4.50
16 170730 16,63 3,30 1,0u 0,258 Ue2T} 2,60 1,61 8,58 6,97
17 170730 0,54 3.57 1,23 0.258 V.271 2.43 1.82 8,58 6,76
18 770802 J.17 1.55 1.106 0,246 V.266 .78 1.18 B.75 7.57
19 170804 1.71 Latl 1.03 0,240 0.260 2239 1.44 8.71% 1.31
20 770806 2.29 3.99 1,21 0.2406 0.266 ?2.Hh5 1,92 8,75 6.83
21 770809 2,79 2.34 1.317 0,22% 0,258 1,43 1.48 9,11 7.64
22 770825 15,67 6,90 1,00 0,205 v,25¢ 3,69 2,65 9,50 6,85 !
23 770829 4.42 1.53 2.09 0.200 v,248 3,07 3,29 9.61 6,32 -
24 770831 1.63 6,00 2.17 0,700 V.248 2.59 2.88 9.61 6.72 ~
25 170903 3,46 8,39 1.80 0,196 0,240 3,38 3,44 9,71 6,21 '}’
26 770905 1.42 6,76 2,20 0,191 U.244 2.84 3.08 9,82 6,73
27 770908 3.46 6.62 2.00 0,191 V,284 2.97 2.94 9,82 6,87
28 170924 15,42 6,06 1,00 0,183 0,240 3.83 2.29 10,03 7,74
29 770924 0,75 5.13 1,47 0,183 0.240 3.11 2,21 10,03 7.83
3¢ 770925 V.79, 4,41 1,38 0.17% 0.2306 X 3,01 1,93 10,26 8,34
31 771017 21,63 3,02 1,00 0,159 V.229 3. 36 1,48 10,75 9,27
32 771030 13,58 9,22 1,00 0,152 Vald2H 4,63 3,07 11,00 7.93
RUN 014
50% TREATMENT OF
WET WEATHER FLOW
. J




( RESULTS DISSULVED UXYGEN FACH FVEMNT

EVENT DATE __ LNTFRVAL INITING InTriaL K1 kK2 CRITICAL CRITICAL SATURATION MINIMUM
YYmmpn UAYS BODOLT DO DEF TIMF-AYS DEFLCIT DISS.NXYG, DISS.0XYG.
\_ 1 170504 0400 21,81 1,00 0,200 0,448 4,25 7,52 9,61 2,08
( 2 770505 V.46 19,50 ?.63 0.200 U.248 3.79 7.37 9.61 2,24
3 770514 9.42 5.03 1.53 0.200 O.240 2.90 2,27 9.61 T.33
4 770518 3246 12,45 1,61 0,230 Ugpgbu 3,52 4,90 9,02 4,12
5 170526 B.50 11.20 1.00 N.230 0.260 3.70 4.23 9.02 4,79
6 770528 2.00 H.86 2,40 0.230 0.26h0 1.94 3.32 9.02 5.70
1 770528 0,38 1,30 1,34 0,230 0260 3,28 3,04 9,02 $.98
8 770529 U.HHR 5.5%6 1.85 0.230 V.260 2.61 2.70 9.02 6,32
9 T7v610 11,63 9,27 1.00 V.235 V262 3.56 3,58 8,93 5.35
19 170612 2246 Y.56 2,79 0,246 0,266 2270 4,54 8,75 4,21
11 170617 4.50 10.12 2.67 0.246 0,266 ‘2,82 4,68 8.75 4,08
12 770630 13,08 5.22 1.02 0.246 0e266 3.11 2.25 8,75 6.50
13 170702 2413 £.66 1,99 04246 0,460 2267 .19 8,75 2.56
14 770705 3.13 3.97 2.38 0.746 U.2606 1.41 2,60 8,75 6.16
15 770713 1.79 18,23 1.04 0.270 U475 3.46 7.04 A.42 1.38
16 179730 16,63 .48 1,00 0,258 0,271 3,07 2236 8,58 6.22
17 770730 0.54 6.24 1.50 0,258 V.271 2.85 2.85 8.58 5.73
18 770802 3.17 2,74 2.00 0,246 0.266 0.89 2,06 8,75 6,69
19 170804 Jall 4.94 ladl 0,246 0,266 2.82 2.30 8.15 5.45
20 770806 2.29 7.51 1.83 0.246 V.260 2,90 3.40 8.75 5,36
21 770809 2.79 4.7} ?2.45 0.225 0.258 1.74 2,77 9.11 6.34
22 170082% 15,67 12225 0,87 0,205 0,250 4,06 4,37 9,50 5413
23 770829 4.42 14,65 3.81 0.200 0,248 3.14 6.31 9.61 3,29
24 7708231 1.63 11.69 3.70 0,200 V,248 2,81 5,38 9.61 4,22
25 170903 3.46 17,93 3.59 0,196 0,246 3.44 6292 9.71 2419
26 770905 1.42 13,91 3.93 0,191 Ue244 3.08 6.05 9.82 3.1
27 770908 3.6 12,96 4,11 0.191 0,244 2.88 5.86 9.82 3,96
28 170924 15,42 10,52 1,00 0,183 0,240 4,23 3,70 10,03 6,34
29 770924 0,75 9.24 1.99 0.183 Vo240 3.54 3.68 10,03 6,35
30 770928 0,79 8.27 1.88 0,175 U.236 3.55 3.29 10.26 6.97
33 775017 21.63 i 2,86 1,00 0,159 Ve229 4,09 2,12 10,75 8,62
32 771030 13.58 17.15% 1.00 04152 Ues2?2b 4.98 5.43 11,00 5,57
RUN 015

ONE-HALF RIVER

FLOWS
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RESULTS  0DISSHLVED UXYGeY FACH pVEEY
| FEVEn1 DATE. 11 ehVat AN LTARY, (A SRR K1 (¥4 CHITLCAL CPITICAL SATURATION MINIMUM |
YYmuph UAYN [ELATRIE] P I i ek TTrr=98Y o ek geLT DISS DAY G, DISS.OXYG, 4
\_ 1 170504 U090 2159 1,00 0,200 0,244 4,25 7.45 9,61 2,15 <
r 2 770505 V.ak 15,45 254 N zuu Uealls 3.7H T 9.61 2.61 )
3 770514 Yon2 4,67 1.00 0,200 U,240 3.37 1.9¢0 9,61 7.7%
4 JTyS5)R Ja4h 11,64 1,17 0,230 Degby 3,65 4,45 9.02 4,517
5 7170526 Hob0 11.08 1.00 0,230 VesbU 3,69 4.19 9.02 4.83
[} 7705248 2.00 3.75 1.K%4 0,730 Ve2bU 1.88 2.1% 9,02 6.87
1 179528 Uad8 S5.41 1,18 0,230 0,260 3,13 2233 9,02 6,69
] 770529 O,HA 3.74 1.8y 0,230 V. 260 2.31 1.94 9.02 7.08
9 770610 11.63 9,03 1.00 0,245 0.262 3.5% 3.52 8,93 5.42
10 1706312 2245 8,27 2214 0,246 0,266 2.84 3,89 8,75 4,96
11 770617 4.50 4.69 1.58 0,246 V.2606 3.16 3.69 8,7% 5,06
12 770630 13,u8 5,19 1,00 0,246 0.266 3.12 2,23 8,75 6,52
12 170702 2al13 6.34 1.83 02,246 0,466 2.72 3200 8,15 5,15
14 770705 3.13 3.41 1.9 0.246 0.266 1.51 2.17 8,75 6,58
15 770713 7479 14,24 1,00 0,270 0.27% 3.47 7.03 8.42 1.39
16 170730 16,03 9.37 1a00 0,258 Vo2l 3.06 2,32 8,58 6,26
17 770730 0.54 5,83 1.45 0.258 0.271 7.81 2,69 8.58 $.89
18 770802 3.17 1,98 1.34 0.246 0,266 1,09 1,40 6,75 7.35
19 170804 171 4.49 lall 0,246 04266 2,85 1.97 8,75 6,78
20 770806 2,29 6.71 1,45 0.246 0,266 3.02 2.95 8.75 5.80
21 770809 2.79 3.73 1.78 0,225 0,258 1.95 2.10 9.11 7.02 [l
22 1708%% 15,67 12.23 1,00 0,20% Vo250 4,01 4,41 9,50 5.09 =
23 770829 4.42 13.74 3.20 0.200 0.248 3.28 5.76 9.6} 3.85 ~J
24 770831 1.63 9.94 3.30 0,200 0,248 2.72 4,66 9.61 4,94 o
25 1709903 .46 15,61 22617 0,196 V.86 3,65 6,08 9,74 3.63 I
26 770905 1.42 11.81 3,44 0.191 Uez44 3.03 5.19 9,82 4,63
27 770908 3.46 10.91 3,03 0,191 U.244 3.11 4.72 9.82 5.09
28 770924 15,42 10,04 1,00 0,143 V.24Y 4,20 3,55 10,03 6,49
29 770924 V.75 8,15 1.87 0,183 V.240 3,45 3.30 10,03 6,73
30 770925 0.79 6,76 1.69 0.17% 0.¢36 3.41% 2.76 10.26 7.51
31 171017 21,63 5,62 1,00 0,159 Ue229 4,04 2,0% 10,75 8,69
32 771030 13.58 16,95 1.00 0.152 0.4225 4.917 5.37 11.00 5.63
RUN 016
ADVANCED TREATMENT OF B}
DRY WEATHER FLOW
\. J -




