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FOREWARD

In 1964 the Department of Civil Engineering
end Applied Mechanics, MeGill University, received a
regearch grant from the Department of National Health and
Welfare to conduct a pollution survey of the Richelisu
River, P.Q.

A comprehensive‘three-part survey was designed
to adequately evaluate the degree of pollution of the River
in terms of dissolved oxygen concentration, chemical ppllution
end bacterial contamination.

This report deals with the first part of the
River survey, the dissolved oxygen concentrations in the
River. The pollutional loads causing the oxygen deficiency
were investigated, and the capacity of the River for restora-

tion of the dissolved oxygen utilized in biochemlcal oxidation

of these pollutional loads was studied. The sum of the two

components, deoxygenation and reaeration, represents the net
dissolved oxygen concentrations observed in the River. The
magnitude and interaotion of these components were determined

to describe the biochemical regime of the River.
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CHAPTER I

INTRODUCTION

The continuous concentration of papulation
in urban arees and the growth of industrial complexes have
resulted in a sharp inerease in the demand and use of the
natural resource - water, Goihéquently, the planning of a
rational multipurpose use of water has become imperative.

The surface waters in the form of streams and lakes serve

a dual purpose. They are #he sources of public and industfial
water supply, and are also used for the‘disposal of wastes

by dilution.

The quantity of surface waters available for such
a double use has remained substantially unchanged, while the
amount of wastes disposed has increesed. This has led to
a considerable impairment of:the quality of water available
for subsequent uses, and has caused a general concern.

Eféiy natural body of water haé_a definite and
limited capecity for diéposal of wastes which can be assessed
by condueting a river survey. This thesis deals with the
evaluation of the present and future pollutional conditions
of the Richelieu River, P.Q.

The aims of the planned field survey, the

laboratory and the analyﬁical work may be listed as follows.
1. To establish the peremeters of the hydrologic

‘
!
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regime of the River, and to derive the drought flow frequenoy.

2.

5.

To evaluate the magnitude and characteristics of
the pollutional loads, present and future.

To determine the degree of pollution at present.
To formulate a methematical model that best
describes the dissolved oxygen sag curve,

To assess the dissolved oxygen distribution on
the cross sections of the River, and determine
the statistical reliablility of the sampling
prooedpre.

To forecast the dissolved oxygen saturation levels
in the River for varying drought flow frequencies
and at different degrees of waste treatment

provided at some future time.

-2 -




CHAPTER II

PRELIMINARY SURVETY

The first step in any river pollution
study is the preliminary survey which is required inm order
to eollect data and to establish or derive the following.

l. Visual inspection of the river to determine the
extent of physical pollution.

2. Preliminary dissolved oxygen readings to establish
the extent of the pollutional survey required.

3. Establish the survey stations within the region
of pollution.

4. Study the hydrologic regime of the river within
the survey region.

Se Establish the procedure of sample colleection.

The preliminary survey was conducted during the

Summer and Fall of 1964. The relationships or derivations
resulting from the preliminary survey were designed to
accommodate the 1965, 1966, River conditions, the period
during which intensive sempling was done.

1. Visuse] Inspection of the River

Visual inspection for pollution is defined
by R. Bonin (3) as evidence of scum, slime, floating solids,

discoloured water and odour. The visual inspection of the

(3) BSee References in the Appendix

-3 -
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Richelieu River consisted of noting any evidence of physical
pollution that might be objectionable to the gemneral public.
Since survey stations were not yet established, only ganeral
areas of pollution were recorded. The degree of pollution
was determined by the body senses of touch, smell and sight.
The stretch of the River inspected was from the Canada =~
United States border at the outlet of Lake Champlain to

St. Charles, a town twenty-five miles upstream from Sorel.

Lake Champlaln water was very clear with no
evidence of physical pollution. Further downstream investiga-
tlon of the River revealed thet near the Town of St. Jean,
specifically, the waste outlet of the David Lord Cannery, the
River was polluted by & high concentration of organic waste
undergoing both aerobic and anerobic decomposition, and a
sludge bank existed on the bottom of the River., The evidencs
that led to the suspicion of local pollution was green,
bubbling water and an offensive odour.

Further downstream there were reports of a fish
kill in the 8t. Jean area, Some dead fish were found above
and below St. Jean as well as at Beloeil, but the quantity
found was only a small fraction of that reported.

No extensive physical pollution was observed in
the region from Fryers Island Dam to'chambly Basin.

At Chembly Basin trasces of oil slicks and float-

ing scum were observed.

u‘_“__v<_,4‘¢4________“___,__,_.ﬂ“, - o e
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From Chembly Basin to MasMasterville no evidencs
of physical pollution was found.

At McMasterville, The Canadian Industries Limited
plant discharged waste water through four major outlets.

The two upstream ones ran clear and had a small volume
discharge. The third discharged a milky white waste water
carrying & high percentage of settleable material as was
evidenced by a delta being formed in the River along the

bank. The downstream outlet discharged highly coloured wastes.

At St. Hilaire the Beet Sugar Plant and Refinery
discharged a milky white waste water at certain times of the
year. In October this white water discharge can be traced
several thousand feet downstream.

From St. Hilaire to St. Charles no further evidence
of physical pollution was observed.

Throughout the whole River stretch there was a
distinet odour of detergents, especially noticeable at the
River banks.

From the visual inspection of the River, it was
decided that the region from St. Jean to St. Charles, a
distance of about thirty-three miles, showed sufficient
evidence of physical pollution to be further investigated with
a portable dissolved oxygen meter before station locations

were finalized.

e T Gt A et




2. Preliminary Dissolved Oxygen Readings

Preliminary dissolved oxygen readings were taken
between St. Jean and St. Charles to verify thet within this
region the dissolved oxygen level in the River d4id in fact
reach a sag polint or & minimum value, and a recovery zone.
The preliminary dissolved oxygen survey gave the following

general results,.

TABLE 1
Dissolved Oxygen in
Sample Location Percent Saturation
C.N.R. Bridge above St. Jean 85
Highway No. 9 bridge below St. Jean 75
Highway bridge between Richelieu
and Chambly 85
100 yards upstream from C.I,.L. 82
Highway bridge at Beloeil 77
XIsle aux Cerfs, six miles below Beloeil 75
St. Charles, twelve miles below Beloeil 80

There are no major towns or industries eilther
above St. Jean or below St. Charles. Within the region
between St. Jean and 8t. Charles the dissolved oxygen read-
ings indicated two sag areas and two recovery zones in the
river. These two towns were then chosen as defining the
1imite of the River stretch where permanent survey stations

should be established.

e mmcay



Se Establishing the Stations
Gannon and Downs (9) have done a dissolved

oxygen analysis of the Willamette River in Oregon, a river
comparable to the Richelieu River in size and discharge. The
Willamette River has a discharge of three to four thousand
cubic feet per second, and a depth between ten and thirty
feet. The Richelieu River has a summer discharge of three
to four thousand cubic feet per second and a depth of five to
twenty feet. In establishing the stations on the Willamette
River, Gennon and Downs state that; "This need not be done
with a high degree of surveyimng accuracy, but rather emphasis
should be placed on more frequent sounding wherever possible.
Physically it can be accomplished by means of a sounding rod
or weighted line, together with a good map of the river
stretch in question for location and orientation in the field."

In the Richelieu River survey a series of twenty-
five siations were chosen and marked off on a hydrographiec
map of the River. The stations were located above and below
the major sources of pollution as determined by the preliminary
dissolved oxygen readings. Distances from the‘stations to
recognizable land marks were scaled on the map and the
corresponding distances chained along the shore line. Initially
a triangulation network was set out along the River to establish
exact distances between stations but 1t was found that locating

stations from scaled distances on the hydrographic map gave
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sufficiently accurate results. The difference between
scaled distances and triasngulated distances was ¥ 25 freet
per mile surveyed. The accuracy of the map was thus
establishéd and “all other stations were located from the map e
At each station two markers, five feet long and
six inches wide, were placed on the east shore on the
perpendicular line to the River channel. These were painted
red and white for easy identification at a later date. The
marker location was then recorded witﬁ reference to some ‘
iﬁmovabl; objecf thuld the spring floods dislodge them in
the following years.
A drawing of the station locations can be found
in ‘Appendix B,
‘4. Hydrologic Regime
The besic rivqr paraméters required for the sub-
sequent calculation of the dissolved oxygen sag curve may be
derived from the following relations.
a) Cross sectional area of the River at each station
b) Stage-to-discharge relationships
e) Change in flow between stations
a) Flow time between stations
e) Return period of oritical minimum flow
4(a) Cross Sectionel Area
The cross sectional area at each station was

determined by the use of three pleces of surveying equipment;
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a transit and stedia rod to measure distance, a portable
Raytheon Fathometer to measure depth, and a boat for
transportation.

The Fathometer was checked against a sounding
lead at one of the stations and gave readings that agreed
with the lead weight sounding to * 0.1 feet per each ten feet
of depth. This instrument was thep used to obtain all other
cross sections. |

The Fathometer operates on a twelve-volt car

battery and is equipped with a 'markert switch to manually

. 1dentify any sounding on the continuous graph which the

instrument produces. The plot points for each cross section
were determined as follows,

A stadie rod was mounted in the boat with the zero
mark at water surface elevetion. The recording Fathometer was
set up so that the 'transceiver' was just submerged in the
water. A transit was set up beside the shore marker closest
to the water, end the height of instrument determined using
the bottom of the marker as.datum elevation. The boat
operator navigated the boat from the west shore to the east
shore of the River keeping the coﬁrse of the boat in line with
the two stetion markers. This ensured that the cross section
wag taken perpendicular to the River channel. ‘The transit
operator signaled the fathometer operator at each fifty foot

change in stadia distance. At each signal the fathometer
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operator identified the location of the sounding with the
marker switch., As the boat approached the transit the last
stadia distance was noted and the water surface elevation
with respect to the marker datum elevation was determined.
The distance from the marker to the near shore and far shore
was measured by. stadia. This completed all the physical
measurements‘9r the River width, depth, distances from shore,
and water surface elevations thet were needed to plot the
cross section at each station. The continuous graph indicated
the changes in the River bottom elevations, their locations
were plotted to the scale established by the confining fifty
foot stadia intervals. The cross sections were plotted on
18" x 24* sheefs and the area determine¢ from poler planimeter
readings;(az)
4(b) Stage-to-Discharge Relationships

The purpose of establishing river stage-to-discharge
relationships for each station wes to be able to calculate the
eross sectional area of the River under different flow condi-
tions. Gannon and Downs (9) realized the difrigulty in gaug-
ing each and every station ard have solved the problem by
meking the following essumption. "Since river cross section
work may extend over seyeral days, with the possibility of
varying rgnorf during the period, it frequently is necessary
to adjust river stage to a common runoff regime. Here a

rating curve is mnecessary, and ideally should be avallable for

- 10 -
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every cross section. Unfortunately this is rarely the case
in most instances and reliance must be placed on some nearby
gaeuge assuming charécteristics at the gauge are representa-
tive of the river stretch in question.”

Originally, an attempt was made to establish the
datum elevation of each station marker, and from the informa-
tion obtained while surveying the cross sections of the
River, the water surface elevation at each station could be

caleulated. In the Chambly to St. Charles stretch of the

‘River, two facts precluded the continuance of this effort.

First, that at any given flow between two and four thousand
cublic feet per second, the change in water surface elevation
between stations was less than 0.10 feet. 'Secéndly, there
was no surveying method by which the contour of the river
bottom could be held to this accuracy. A Price current meter
was used to determine the River flow velocities at four
locations between Chambly and St. Charles to assess whether
there were any changes in veldcity thus indicating a change
in River bed configuration. All metered stations revealed an
average velocity between 0.50 and 0.60 ft;/sec. ‘The cross
sections that were determined previously were checked for
changes in cross sectional area. Corrected cross sectional
areas for any giliven flow between Chambly and St. Charles,
agreed to ts percent;(zz) From the above considerations,

the'River flow and channel characteristics were assumed to be

- 11 -
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uniform and according to Gannon and Downs (9) this assumption
was justified. From the govermnment gauging station data (22)
at-chaﬁbiy and St. Ours, 28,7 miles downstiream, stage-to-

discharge curves were plotted. (Figure 1). The water surface

elevations for these gauging stations were corrected to

Geodetie survey of Canada bench marks. Under normal summer flow

conditions, the slope of the River surface between Chambly and
8t. Ours, a distance of 28.7 miles is 0.60 feet. A graph of
water surface slope-to-discharge (Figure 2) was constructed.
The slope of the River surface under normal summer Fflow
conditions varied from 3.75 to 6.00 x 10-6feet per foot. This
was beyond the accuracy of normal surveying technlique and

the change in water surface elevation at the survey stations,
for a given flow, was calculated as being proportional to

the distance from the gauge. The stage-to-discharge reiation-
ships for each station betweenvchambly and St. Charles were
thus established., From Chambly upstream to St. Jean there

was one permanent geuging station at Fryers Island, the stage-
to-discharge relationship (Figure 3) was determined. Between
Chambly and St. Jean tﬁe survey station cross sections were

ad justed for each sample date by noting the rise or fall in
water surface slevation from a fixed datum point established
on the day the cross section was taken. The River flow for

the corresponding semple date was obtained from the continuous

recorder at Fryers Island. PFrom these two items of information,

- 12 -
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the stage-to-discharge relationships were calculated for
survey stations between Chambly and St. Jean. (22).
4(e) GChange in Flow Between Stations
The stretch surveyed in the Richelieu River was
32.7 miles. In this length of River, tributaries, drainage

and surfece runoff account for measureable flow changes

‘between stations. The contributing drainage basin at eanrh

station was determined fr&m a topographic map; The areas
were measured by & polar planimeter anmd converted to square
miles as the scale of the map indicated. This map is
inclﬁded in Appendix B. The Water Resources Branch (22)
supplied a table of runoff coefficients at different flow
gquantities and ~ graph of runoff, in cubic feet per second
per square mile, versus River discharge in cublic feet per
second was plotted as showh in Figure 4. The contributing
flow at each station was then calculated and the cumulative
flow at each successive downstream station for various
conditions of River discharge calculated. At Fryers Islend
a continuous recording of flow was teken and this was used
as the reference point for all River flow calculations. The
increment of flow was subtracted from upstream stations and
added to downstream stations. The method of caloulating

the chenge in flow between stations from drainage basin area
and runoff coefficients was found to be satisfectory. The

calculated increaese in flow for the River stretch was 6%%

- 16 -
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while the actual metersd flow increase for the River stretch
was 6%. (22).
4(a) Flow Time Between Stations

From the River chamnel characteristics, as
determined by c¢ross sectional areas for various conditions
of flow, the flow time between stations was calculated. The
average cross sectional area of two consecutive stations
multiplied by the distance between stations was considered
to be the volume of water between those two stations. The
volume divided by the flow gave the time of flow between
stationse. Tﬁe volume of Chambly Basin was oéloulated from
a plot of depth contours and the detention time determined
for various conditions of flow, A gréph of flow versus
detention time is given in (Figure 5).

The flow time from St. Jean to St. Charles for
any River discharge was then determined by summing the
approﬁriate times between stations and thé detention time
in Chambly Basin. A plot of cumulative flow time versus
distance downstream for various conditions of flow 1is given
in (Figure 6).

4(e) Return Period of the Critical Minimum Flow

R.W. Purdy (16) has evaluated the oritical minimum
return flow of rivers as follows. "We make a detailed study
of existing runoff records to determine the probability of

drought flows in accordansce with Professor E.J. Gumbel's

- 18 -
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statistical basis for analysing the distribution of extreme

values applicable to droughts. From this we can obtain the
expected drought severity for any frequency of occurrences,
within the limits of the data availadble,®

The Water Resources Branch had thirty-six years
runoff records for the Richelieu River. Since the critical
condition of blochemical activity in the River occurred
during the low flow periods during the summer months, these
data were analysed for the lowest one month, two month, and
three month duration‘between July and October. The occurrences
of these durations were plotted on extreme wvalue paper, &s
proposed by E.J. Gumb81; The graphs are given in (PFigures 7,
8, 9). Frcﬁ these graphs the expected return period for
five, ten, and twenty years of the drought for omne, two,
or three month duretion was determimed. A graph of drought
flow wversus the drought duration was then comnstructed for the
three return periods of five, ten and twenty yeers. (Figure 10).
The critical minimum flow for one month duration was determined

as:
2400 cfs once in 20 years
3000 cfs once in 10 years

3500 cfs once in 5 years
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5. EBtablishing the Procedgfe of Sample Collection
The sémpling procedure in the Richelieu River study

was desisned to make the meximum use of the information
gathered in the prelimiﬁary survey.v‘Tha preliminary dissolved
oxygen readings indicated two sag areas and two recovery zones
in the River stretch from St. Jean to St. Charles. Since the
location of maximum and minimum dissolved oxygen concentrations
was of particular interest in calculating the oxygen sag curve
of the River, stations at these points were sampled more
intensively under various conditions of flow than were the
remainder of the stations. There were six stations which

required intensive samplinge.

" TABLE 2
, : . : Total No.
’ Reagon for ‘ of samples
Location sampling Station No. taken
C.N.R. bridge , First upstreanm 25 44
above St. Jean station
Fryers Island ‘Beginning of 21 48
first recovexry
zone below
St. Jean
Richelieu-Chambly High dissolved 20 42
bridge above oxygen
Chambly Besin concentration
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TABLE 2 (continued)

Total No.
o Reason for . of samples
Location sampling Stetion No. taken
Outlet of To study the 19 48
¢hambly Basin effect of Chambly
Bagin on
Reaeration
Beloell -Low dissolved 12 96
oxygen concentra-
tion; Jjust below
GOI‘L'
St. Charles ‘Last downstream 1 52
station

‘'Eight samples were taken from each of the remain-
ing 19 stations as check values for the subsequent calculation
of the dissolved oxygen sag curve.

‘The configuration of tﬁe cross sectional areas of
the River revealed both deep and shallow zones within the
same cross section. To properly determine tﬁe effect on the
dissolved oxygen concentrations of this irregular conrigura-
tion, samples were taken at specific locations within each
zone. On each sample date, samples were taken from these
locations in the ¢ross seotion.

From the analysis of the retusn period of criticeal

minimim flow three River discharge values were of particular
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interest; 3500, 3000, and 2400 cublic feet per second. Rather
than calculate what the dissolved oxygen level would be at
these discharge values, it was decided to wait for low flow

conditions and measure the dissolved oxygen directly. By

‘keeping a close surveillance on the River water level, some

sampling dates were closely representative of the eritical

flow conditionse.

TABLE 3
‘Sample Date Flow on Sample Date  Caleulated Critical
1965 ofs Minimum flows cfs
"August 24 3420 3500
‘July 12 5660
‘July 26 2930
‘August 12 2970 3000
July 21 3250
'August 4 T 2470 2400
‘August 6 - 2580

‘The purpose of planning the sampling phase of the
River study were as follows.
1) Reduce to a minimum the factors which might cause
variations in dissolved oxygen and biochemical oxygen demand
measurements.

2) Achieve a gsampling program that was representative
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of the River conditions.
3) Obtain enough samples for statistically reliable
results but meintein an economy in the expenditure of time

and money in the collection of thess samples.
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CHAPTER III
OXYGEN "BALANCE

The préeess of biodegradation of organic wastes
discharged into a stream has been defined by the two basiec
laws.

The biochemicé; oxygen demand B.0O.D. law has been
mathematically formulated by the well-known monomolecular

reaction
_oL = kL
ot

The above equation states that the ﬁime'raté of
biochemical oxidation of an organic substance is proportional
to the concentration of unoxidized substance, oxr
~K, T

Lt=L°'3 ¢
Expressing the B.0.D. law in terms of dissolved

oxygen (D.O.)_saturatiqn deficiency D,

3_‘5 =k, (Le-¥) !

‘where LA: concentration of organic substance at the time t%o,

Y = concentration of organic matter oxidized in time = t
Kln time .rate cons tant
‘"The second basic law governing the D.0., relations in

& streem has been defined as follows,
"_g_g =K2.D Dpg =0, €
These equations state that the time rate of decrease

-kt

of D.,0. saturation deficit in absence of B.0.D. is proportional

to the saturation deficit.

- 30 -

%)




O

'The net time rate of change in D.0. saturation
deficit in a stream has been formulated as the sum of the

above basic processes

¥ k(L. -Y)-Kk,D ,
and ot ' ° :

- -k, T
B, = Kilg (e'k‘t-e /\'zt)_,qu 2 «
ks - Kk, ' (3-1)
where Da' D.0. saturation deficit at time t=c

nt' D.0, saturation deficit at time ¢
Lai concentration of organic mattar at time t=o
K, and Kz- time rate constants
‘This formulation defines D.0. saturation deficit at
any time t downstream from the waste discharge point, and is
the D.0. sag curve equation.
The oritical values of Dy and flow time t are

reached at the sag point of the curve, where;

Dc-'-L“k_"'i e‘Kltc
ka
and .
- ..'.SB;-K-R)D:;}
Le = Kp-k, {.K:[. Ki Lo J (3-2)

The equations (3-1) and (3-2) are called the Streeter-Phelps
formulations (18). This equation also indicates that

a) when L, epproaches infinity, t, approaches its
meximum value of tm

b) t° approaches the maximum value of tn irrespective of Da

when Lg approaches infinity, and

c) to reaches the meaximum value'tn when Da =z O

—p ©O -

tim = ta Kz = Om ki La
ka -k,

.




The well-known equations outlined on the previous
pages may be applied to the D.O. balence caloculation of a
stream. While the concentration of organic substance and
the D.0O. deficiency at any section of the river may be
easily determined, the time rate constants K; and K2 may
cause certain difficulties in assessing the degree of

pollution.

Constant of Biochemical Oxidation

The time rate constant of biochemical oxidation can
be readily determined by incubating a river water sample at
20°C. for & time of 10 or more deys. The daily measurements
of D.0. remaining in the B.0.D. bottle would provide the
necessary data for Kl calculation.

Actually, such incubation represents statiec comndi-
tions of the oxidetion process, where all environmental
factors are rigidly coatrolled. The river enviromment is
dynamic, and 2 very considerable difference in the acstual
and laboratory-derived constants Kl have been repeatedly
observed. This difference in observations has lead to the
introduction of a biochemical time rate of oxidation constant
of the river, where

K river 3 K

laboreatory
According to Eckenfelder (7) the observed differences between

the two constants may be due to changes in oxidation caused

- 32 -
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by the following faoctors.

a) Turbulence in the river, providing a much greater
contaet opportunity between the microorganisms and orgeniec
substance,

b) Biologicel growth in the river in the form of
plankton, algae, and bacterial growth on stones and rocky
river bottom,

¢) Nutrients - the change in nutrient content due to
turbulence and nutrient surplus or deficiency may greatly
influence the oxidation rate,

d) Lag of oxidation due to absence or small number
of bacteria present, and

e) Immediate oxygen demand and the distridbution of
the compounds with such a demand.

The observed difference between the two
constants may be due also to the changes in the removal
rate of organics due to

a) Sedimentation and flocculation, resulting in forma-
tion of sludge banks,

b) Scour or resuspension of organic sludge deposits by
changes in atmospheric pressure and river stage, and

e) Volatilization of deposited organics, with
endproducts of COp and CH,, not requiring oxidation.

Thus, the river water sample analysis and the

analysis of the waste waters discharged into the river do not

- 33 -
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provide complete data for the evaluation of dynamic relations
actually existing in the streem. Accordingly, Liebman and
Loucks (12) have proposed to modify the D.0. sag curve
introducing the following assumplions.

1) The removal of organic substances L with a definite
B.0.D. by aﬁsorption and sedimentation is proportional +to
the amount of the substance present, or the removal is
formulated by K;x L,

2) The rate of addition of B.0.D. from benthal sludge
layer, and the overland runoff is comstant for a given stream
flow, P=const.

3) The rates of removal of oxygen by benthal demand and
plant respiration, and the rates of addition of oxygen by
photosynthesis processes of algae are congtant for a given
stream flow, A=const.

» The previous basic equations can now be

rewritten as follows

90 _ Kk, L -k,D -A
and

~ oo
[

= =(k,+k3)L +P

SN

where Kz = sedimentation-adsorption rate constant

A

either oxygen production or réhuction,mg/hlday.

P B.0.D. addition rate due to runoff and scour, mg/L/day.

The modified D.0, sag ocurve expression can be given as follows.

De = kr (4o = g B (e T )4
kz-ckr+k3) kf"'ks

LY} ( P - .Q)( /-—e'k’-t).,.oa e~ K.T
Kz K,-'/'ka K ‘
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It should be noted that due to experimental
difficulties the rate factor K3 has been determined imn
a very few cases only, and using approximetions to relate
the static and dynamic conditions. The same considerations
apply also to the factors A and P.

In an actual river survey, the river time rate
factor can be calculated when the amounts of oxidatizable
substances are measured at two survey stations. When these
amounts are Lg = upstream station, and Ly = downstream
gstation, and the flow time between the stations is ¢

L
Kp=g o 22 ) day

Reaerafion Constant Ka

The theoretical derivations of the reaeration
coefficient Kz are based on Henry's Law concerning solubility
of gases, and Fick's Law of hydrodirfusion.

Introducing the two-film concept,

2m - _ k' AD
e k.

The above expression states that the time'rate of masgs

transfer by diffusion is directly proportional to the liquid

1
film coefficient Ky, the area A through which the diffusion
takes place, and the saturation deficit D in the film,

In the terms of oxygen transfer

22 - k, D
oz

where K;e time rate of oxygen tramnsfer, and

D = D.0O. saturation deficiency
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"The previous equation is directly applicable to
the conditions of an absolutely quiescent body of surface
waters. It necessarily follows that the effects of
turbulence and mixing of the saturated surface film must
be considered.

A mathematical relation of such mixing and
turbulence was first formulated by Phelps‘(ls) and later
put into & graphical form by Velz (20) (21). The correspond-

ing reaeration equation is given below.

-K -9k —-25K ..
= ~JCci- B x 81.06 (e + € -+ e - - )
D= 100~ [CI- Pa) ( 3 Y3 ]

where D = final D.0. content as % of saturation per mix,
D, = initiel average D.0. content as % of saturation,

K = ﬂz“t
4 L2 )
where t = time of exposure, hours,

depth of water in centimeters

L
a = diffusion coefficient determined experimentelly,
and a function of water temperature.
In 1958, O0'Connor and Dobbins (14) formulated the rate of
surface renewal, r, as follows
r=2
where = velocity gradient
= average stream flow velocity, and
mixing length
= average depth of stream, feet,

L/ S = S = ]
"

average slope of river channel, ft./ft.

U=B8VH 5
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and when the Chesy coefficient B is larger than 17, isotropic
flow conditions exist, while for B less than 17, non-isotropiec,
turbulent flow governs. Accordingly, for isotropic turbulence
of a stream with no shear stresses and negligible velocity
gradient

5 °.25

o.
k, = 480 D, S
: H 1.25

and for non-isotropic, turbulemnt flow conditions,

'When the necessary data is collected in a river
survey, & direct reaseration coefficient Kg calculation can
be made.

Assume that observations have been made at:

‘Stations A B
B.0.D. of oxidizable organiecs Lg Ly
Average L =Lla+lpg
2
D.0. deficit, % of saturation D, Db
Average D = Da *Dpg
2

‘Difference of saturation deficit, AD = Day-Dg
Using a Streeter-Phelps formuiation, K,=k.L - 4D

. D 2.34tD
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Calculations of D.O. Sag.

When a river pollution survey is oonductéd, the
planning of sampling program»depends on the method chosen
for further data processing. The length of a river surveyed
and the number of survey stations established may produce
a very large amount of data, requiring tedious and time-
consuming calculations so that computers are frequently
resorted to in order to faecilitate the réquired calculations.
In this connectiocon, it should be noted that computer programs
must be writtgh and while & number of programs already exist,
they are not readily aveilable for all the methods promulgated
for sag calculations.

'The basic methods successfully applied may be
discussed as follows:

a) Streeter-Phelps method

This method is the oldest of sag curve formulations
avéilable, and 1t has been described on the previous pages.
It is used by several Water Resources Commissions for evaluat-
ing the existing and permissible degrees of pollution, and
Purdy (16) describes the appliéation of Streeter-Phelps
formulation by the Water Resources Commission of Michigan.

The time rate constants K, and K; are calculated
for each river stretch between two stations, and employed
to estimate the D.O. deficit levels at any flow and loading

conditions, present and future. The use of the sag ocurve
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equation is connected with trial-and-error calculations,

‘and repeated corrections, so that qoﬁputers are usually

empioyed.
b) Fair's formulation
Fair (8) in his derivations introduced & rate

of self-purification f, where f = ka

—

r

The pollutional load L, is formulated by the bilochemical
oxidation rate constant K., self-purification constant f ,
the oritical D.0. saturation deficit Dy, and the initisl
D.0. saturation deficit Dge.

A set of generalizedfvalues is provided, and

using the nomdgraph constructed the allowable loading of a

‘'stream mey be easily derived. Similarly, the critical

deficit and critical flow time for any pollutional load may
be assessed by the use of this nomograph.

This method may be considered as very helpful
in preliminary assessment of pollution with a minimum of
fieldwork required.

.¢) Thomes method

Thomas (19) recognized that the use of
streeter;Phélps formulation for practical appliéations
requires tedious trial-and-error procedures. He developed
a simplification of the above formulation, and devised a
nomograph for a direct derivation of the déficit D at any

downstream distance.
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From the field survey date obtained at the stations,
the value of Kp, Kp, Lgand D,must be calculated, as indicated
in previous discussions, using the Streeter-?helps formulation.
Deriving the values Dg/Lg, Eg/K,, arnd Kyt the nomograph is
entered and D/L, read, 80 that deficit D can be immedistely
calculated. Nemerow (13) states that the Thomas nomograph
has provided convenient, accurate, and tiie-saving method in

many practical applications. The Thomas nomograph is shown

in (Figure 11).

a) Churchill method

Churchill (5) mede a detailed analysis of the

'Streeter-Phelps formulation and found that the D.0. sag occurr-

ing in a-stream depends primarily on the following 3 factors:
B.0.,D., river water temperature, and river flow.

The application of the least squars method (6)
led to the formulation of line of regression, and the D,O,.
sag could be predicted for any B.0.D., load applied.

‘Using this formulation, there is no mneed %o
caloulate the flow time t between stations, and the calcula-
tion of the time rate constants hes been eliminated as well.

'Further investigations by Simmons (17) showed
that a good correlation of the above variables will be obtained
if the stream sampieé are collected when one of the wvariables
has reached & minimum or maximum condition. Thus, samples cen

be conveniently obtained at low stream discharges, or at high

water temperatures,
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Another advantage of this purely statistical
approach to the sag ocurve equation is the relatively limited
number of samples to be obtainead.

Field surveys were conducted by Simmons (17) to
evaluate the number of observations required to obtain

accurate results. The datea are given in Table No. 4 below.

TABLE 4

OBSERVED AND CALCULATED D.0O. DROP

Observed Deviations Observed Calculated
D.0. Drop Three Four - Five
mg/1 Semples Samples Samples
2.3 0.73 0.36 0.52
3.7 -0.32 -0.42 -0.26
5'2 -0.59 0.24 -0.10
1.1 10.93 -0.,13 0.45
108 7-42 1-17 -0060

Comparative results were obtained using 6 or 24
observations, and 58% of the time the devliations were less
using 6 than using 24 observations,

Simmons concluded that in order to obtain practical
and dependable results, only & maximum of 6§ samples were
required. Additional samples may add some small degree of
refinement to the results, but the refinement probably would

not offset the effort expended in the planning, collecting,
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and analysing the samples and calculating the results.
The basic data reguired for an application of
‘Churchill's method are as follows.
Y = D.O. drop between survey stations, mg/l.
X,= B.0.D. at sag point, or the station with a
higher B.0.D., mg/l,
Xo= river water temperature at the sag station,
Centigrede, and
Xz= flow in cfs at the sag point station, or the
station with a higher B.0.D. |
The correlation equations are based on the principle

of least squares, and are formulated as follows.
Fsa+bx, +b,%, +b3X3
b, £X2 +h,$X.X, +by$X X3 = £X,¥

£ XY

bi £X,Xa+ by §X,2 +b3 £XaX;5

I

b, § X, X3+ by £ XXy +b3ZXs = EX3Y

Using the observed Y,xl, Xz, and X5 values, the
correiation coefficients a,bl,bz, and 'b5 for each river
stretch can be calculated.

Slight modification of these multi-linear correla-
tion equations can be used for calculating the B,0,D. load
produced at the sag point in relation to a new stream load-

ing or waste discharges at any upstream point.
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o Nemerow (13) used this method and states that the

method predicts with an acceptable degree of accuracy the

occurrence and velues of D.0O, the sag point.
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CHAPTER IV

ANALYSTIS O F SAMPLES

The samples of River water were collected
at grid points for various conditions of River flow, and
more than five hundred samples were taken in ell. There
were three basic methods available to determine the
digsolved oxygen, D.0O. at each grid point.

l. Portable galvanic cell oxygen analyser

2. Portable Jarrel-Ash oxygen analyser

3. Titration by Winkler method (2)

In the preliminary D.0O. tests mentioned in
Chapter II, the drop in D.0., content between stations was
in the order of 0.2 mg/l or less, except at two specific
locations, namely, Beloeil end St. Jean. The necessity of
repetitive sampling was recognized as well as the controlled
analyslis of these samples if statistically dependable results
were to be obtained. The D,0. present in the River could be

determined in the field as in the preliminary survey, but

the five~day B.0.D. could only be determined in the laboratory.

Prom the results of the prelininary survey, a total flow
time from St. Jean to St. Charles was determined to be about
six days, depending on the River discharge. The change in

D.,0. content for the same River stretch was determined to be
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ebout 10% during the six-day flow time. A change from

85% to 75% D.0. saturation at the usual tempe ratures wasg

less than 1 mg/l. The five-day B.0.D. values were inherently
small for the Riéhelieu River, and an accurate method of
analysis had to be adopted.

' At each grid point two identical samples were taken,
using an air-tight contdiner with two 300 ml B.O.D. bottles.
The sampler was equipped with a remote control air release
device which would adrit River water into the bottle only
when the required depth had been reached. Thebsampler is
shown in (Figure 12). This insured that two ident ical samples
were taken from the chosen grid point. These samples were
then kept side by side during transportation to the laboratory.
One was immediately analysed for D,0., and the other incubated
for five days at 20°C., in order to determine B.0.D.5. In
the Appendix‘ﬁ fhe_bottle numbers are given as sampled from
their respective grid points in each cross section. The top
pumber refers to the sample analysed immediately for D.O.,
and the bottom number refers to the sample analysed for D.0.
five days later. |

It was also recognized that the bottle immediately
analysed for D.0. does not réflect the sectual condition due
to transportetion time from the River to the laboratory and
due to exposure to possibly higher than the River water

temperatures while in transit. The main purpose of collecting
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these semples was to obtain accurate B.0O.D.g values. The
D.O. level at any station was determined separately by on
location analysis.

Cn a normal sampling dey six cases of twenty-fouxr
bottles were collected. The time required to collect 144
samples, transport them to the laboratory and analyse them,
was usueally 12 to 15 hours. In'oéder to subject each sample
to equal exposure time between sampling and analysis, the
analysis of each sample was done in the collection order.
Since the time taken to obtain a sample was within a few

minutes of the time required to analyse it, each sample

‘had identicel times of exposure to elevated temperatures in

transit. In the laboratory one of the two identical samples
wes immediately analysed for D.O., and the second sample was
placed in an incubator to be analysed for D.O. five days
later. Care was taken to analyse B.0O.D.g samples in the
order they had been placed in the inecubator to insure equal
incubation times. This procedure accomplished the following:
1) Bach sample had equal exposure time to possibly
higher than the River water temperature during the overall
sampling period, transporfation, and analysing time. It
was also noted that the River water temperature averaged 21°C.,
while incubator temperature was 20°0., and the indoor
laboratory temperature was within 2°C. of the outdoor tempera-

ture because the building is not air-conditioned.
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2) Each semple had equal incubation time.

The reasons for adhering to the above procedures
were the following.

1) The porteble D.O. analysers were sensitive to
vibretion and handling in transportetion. In the analysis
for B.O.D:’, the change in D.,0. was sometimes in the order
of 0.2 mg/l. Xt was noted that in trensporting the D.O.
analyser to the River the instrument's celibration would
vary by ¥ 0.1 mg/1 which accounted for : 50% of the D.O.
drop to be determined. Under laboratory conditions, however,
the calibration of the analysers could be held to t 0.02 or
10% of the smallest reading, and 2% of the larger readings.
The determination of the D,0. level in the River by " on
location " analysis gave a variance of 0,1 mg/l which
accounted for only 1.35% of the totel D.0O. value since the
average D.0. value in +the River was 7.4 mg/l1 at 20°C., or
an 80% saturation.

2) The oxygen analysers were sensitive to any
trace of oil on the River surface. In lowering fhe electrode,
which would have to be dome about 72 times a day, oil film
was picked up by the teflon film of the prdbe, resulting in
an incorrect reading. Cleaning the teflon film meant a

re~calibration involving at least 4 hours of laboratory time.

"Collecting the semples from below the water surface by using

the sampler obviated the oil contamination problem. While
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using the D.0. analyser in the River, the electrode weas
lowered into the River once at each station. In this case,
the probe was protectéd by a sponge~-rubber jacket saturated
with distilled water, and this protective jacket was removed
below the water sﬁrrace. This procedure, while time consum-
ing, was feasible once per station, but could not be repeated
72 times during a sampling period.

3) Regardless of how the D.0. level was determined,
the B.O.D.5 sample was lnevitably exposed to conditions of
transportation, the effect of which could not be accurately
determined. Furthermore, the immedate determination of D.O.
in the field using the oxygen analyser and the collection of
the comparative semple for B.D,D, analysis in the laboratory
would have given unequal incubation times.

The results obtained using this sampling procedure
are shown in Appendix A, and ,

1) The B.,0.D. of a sample of water was determined
accurately for a five day incubation period,

2) The laboratory D,0. values were lower than those
observed in the River during the preliminary survey.

3) The effect of transporting samples to the
laboratory could not be directly evaluated, and

4) The samples were comparable because of their being
collected in the same manner.

The analyses of sampling data for the sag curve
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calculations were made using Churchill and Buckingham's (5)
method of multi-linear correlation, discussed in Chapter III.
In this approach, the change in D.0. between stations of a
river is a function of river flow, temperature, and B.0.D.
onlye.

Since it was not known what conditions a river
i1s subjected to between stetions, either in reaeration or
deoxygenation, the dissolved oxygen readings teken " on
location * gave only relative concentrations of D.0O. in the
River. Similarly, 1t is not known what effect transporting
the samples to the laboratory had on deoxygenation, exdept
that samples from each station were exposed to the sams time ;

lag and temperature variations. Hence, the sampling method

used for B.O.D. determination is equivalent to analysing

samples taken at two stations under like conditions of flow,

tempe rature and pollutidnal load. The drop in D.0. concentra- o

tion expressed as % saturati on would be proportional to that

Ty

in the River even though the interim time lag or temperature
variations are not known. i
5 value, it may be stated that E
the samples were incubated for exactly five days, but whether

Concerning the B,0.D.

or not the analysis was done five or five-and-a-half days
after collection is not important in the application of the
correlation theory.

In view of the above considerations the actual levels ;
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of D.0O. in the River were established by immediate analyses
of D.O. in the field. The D,0. drop weas determined in the
laboratory and related to the actual field observations.

The oxygen sag curves obtained by this method
of enalysis are shown in Chapter VIII.
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CHAPTER V

D.o. DISTRIBUTION
ON THE RIVER CROSS SECTION

The general theoretical derivations concerning
the hydrodiffusion of dissolved oxygen (D.0.) are based on
the theory that the epncentration of oxygen below the
two-£film layer is constent within a river depth, as ﬁiscusaed
in Chapter III. A literaturs survey indicated that only
a very fox and scattered data exists concerning the actual
D.0. distribution on a river cross section. While it is
generally indicated that a sample of river water at about
the middle of a river, one or two feet below the flow
surface, would supply the D,0. data required, no supporting
investigations have been made concerning this generelized
assumption.

In order to obtain tﬁe actual distribution of
D.0. on a river cross section, sampling grid was established
to experimentally verify the actual D.0, distribution as a
function of the hydrologic regime and other purely physiecal
factors.

The D.0O. values thus observed at the points of

the sampling grid were analysed by developing & computer
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program. (See Appendix ).

A statistical method of multi-linear correlation

wag adopted for further investigaetions.,

The River wes separated into five general areas

as shown below, (Figure 13).

Area A : The navigable parit of the River
Area B : The channel bottom

Area € : The channel edge

Area D : The shore area

Area A B = E was considered to be the effective

flow channel of the River. The current meter survey showed

this to contein 80 to 90% of the River flow. Samples taken
from each of the five areas were segregated and the correla-
tion progrem run for each group. In all, eighty-nine correla-
tions on one hundred thirty-five groupings were made. The
resulting twenty-four pages of computer print-out are not

enclosed here but all the computation material is available

_54_

o~

oty



at the Municipal Laboratory of McGill University. (22).
Azﬁrief 1llustration of the procedure and

results may be given as follows. The difference between

'D.,O. drop celculated and observed was taken as the sample

deviation, and tabulated as percent difference from the
calculated D.0. drop value. ZFor eash area of the cross
section a cumulative freguency distribution graph (Figure 14)
was constructed of percent of total samples versus percent
deviation, in accordence with Aitken (1) and Bowker (4).

The probability of less than & specified percent

deviation for a given area is shown in Table (5).

TABLE 6§
SAMPLE DEVIATION PROBABILITY IN EACH AREA

Area 5% _10% _20% 50% 175%

W47 .65 .76 .86 .95

.30 .40 .62 .80 .88

A
E

B "e17 .26 .40 .67 .80
c .10 .24 .35 .60 .70
D

W05 .20 .30 .52 .65

‘It should be noted that the calculation of the
deviations is based on the change in D.O; between stations,

and as mentioned in Chapter IV this difference is in the
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order of 0.2 mg/L per station. The maximum observed

difference anywhere in the River from St. TJean to St. Charles

was less than 10% of the saturation value observed, or

0.9 mg/l. At the 95% confidence 1imit the dissolved oxygen

reading for a sample in Area A was D.0. ¥ 0.75 x 0.2 mg/L

or D.0. ¥ 0.15 mg/1. At 20°C. this was only .15  or 1.63%

of saturation value. The average saturationg;igue of the

River wes 80%;3and the semple deviation would then be about

t 24 at the 95% confidence limit for samples taken in Area A.
It may be concluded that the order of confidence

of the sampling procedure was the highest in the area A

representing mid-channel and mid-depth. The shallow portions

along the River banks, Area D, had the lowest confidence limit.
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CHAPTER VI

ON SHORE POLLUTIONAL LOAD

While the present conditions of the Richelieu
River were readily determined by direct measurement of
dissolved oxygen concentration at each station, the future
conditions could not be predicted without a comprehensive
study of the present and future pollutional sources. Major
pollutional sources were indicated by the change in D,O.
concentration in the River such es at St. Jean and Iberville
where a totel population of 37,000 produced a 10% decrease
in the River D.0O, concentration. The locations of major
sewer outfalls are given in (Figures 15, 16, 17, 18).

Sources of pollution such as St. Charles with
a population of 200 were considered as minor having a
contributing pollutional load of 5.4% of that of St. Jean o
and Iberville, or an expected effect on the River D.O.
concentration of 0.54%. The pollutional loading from major
sources was measured by collecting composite samples at the

sewer outfalls, while minor domestic waste sources were

established in terms of equivalent populations. The pollutional |

sources investigated covered in the "on shore pollutional load"

survey were as follows.

a) Towns and Villages
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b) ‘Scattered houses along the River banks
c) Industries

a) Tributaries, and

o) . The Richelieu River above St. Jean

a) Towns and Villages

A twenty-four hour composite sample was taken
at the outfall of the major sewers in each town that had a

sewer system. The large towns, such as Iberville and

'8t. Jean, were sampled twice for checking purposes, The

quantity of weste water discharged at each sewer outfall
was calculated by estimating the proportion of the popula-
tion connected to the collector, and the water consumption
of thaet population on the sampling date. (Table 6). The
composite sample was kept ice-packed until 1t was analysed
for B.O.D. content. The data of these analyses is given in
Appendix B.

For future population forecasts, the available
population data for each town was obtained and the expected
future population calculated by the curvilinear method,
employing a twenty year forescast period. (22). A

Thg pollutionel load from towns and villages
not having a sewer system, was estimated on the basis of the
population using 0.17 1lbs. of oxygen /capita/ day. Where

there were no records of population available, a door-to=-door
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TABLE &6

POPULATION AND WATER CONSUMPTION

Imperial Gallons

- 64 -

Town Population 1965 Avg. Water Consumption
St. Jean 28,500 5,000,000
‘Ibéiville 8,500 675,006
Fort- Chambly 5,500 266,000
Chambly 6,000 595,000
Richelieu 1;487 150,000
'St. Brumno 10,250 1,230,000
8t. Basile 3,000 243,000
MeMasterville 2,100 97,000
Beloeil 9,600 125,000
Otterburn Park 3,200 83,500
St. Hilaire 3,139 252,000




survey was conducted. The population forecest in these
towns was assumed to be proportional to the closest
neighbouring town with population records. It was
recognized that the aceuracy of this type of survey wes
low, but the pollutional contribution of these towns is

small.

b) Scattered Houses Along the River Bapks

Houses located along the Riverbbanks were
counted and the summer population determined by direct
count during the weekends in July, 1964.

¢) Industries

The Canadian Industries, Limited, plant et
McMasterville had a significant effect on the dissolved
oxygen concentration in the River. This-plant, together
with the surrounding population, accounted_for a 10%
decrease in the D.,0. level in the River., The major dis-
charge points of waste water at C,I.L. were sampled obtain-
;ng a composite sample over a twenty-four hour period, and
checked twice on successive dates. The results are given in
Appendix Bﬁ The discharge of each sewer outlet was Geter-
mined from measured cross-sectional area and flow velocit&
considerations.

A composite sample of St. Hilaire Beet Sugar
Refinery discharge was taken in October at the waste water

discharge point of this plant, and the results are given in
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Appendix 8. The quantity of wastes discharged duriﬁg the
summe r months is nil as the beet sugar refining season
occurs in the late fall and early winter months. For this
reason, the contriduting pollutional load of this plant
was omitted in the subsequent sag curve caloculations.
The waste waters from Bennett, Limited,.at
Fort Chambly are included in the Fort Chamdly waste analysis.
The waste waters from the DPavid Lord Cannery
have an indirect effect on the River. Because of the loca-
tion of the ship canal at St. iean, gsome of the pollutional
load flows into the canel and some into the River channel.
The effect on each was determined by separate investigations.
The effect on the River of the Chicken Cannery
at Ste. JeanQBaptiste~de?goueville, located twelve miles
inland on the Huron River, is discussed under 'tributaries?
belowe. -
'Industrial expension was considered to be
proportional to population growith in neighbouring townse.
d) Tributaries
'The Huron River -discharges into Chambly Basin.
The B.0.D. of the Huron River water was determined and the
volume discharge méferéd.
'The ship canal from St. Jean to Chambly discharges
into Chambly'Baéin. The B.0.D. of the canal water was deter-

nmined and the volume discharge calculated from the volume of
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water in a lock and the number of lock openings per day.
The B.O.D.'samples were taken on a dey when there was no
water discharging from the canal via the spillway at
Fort Chambly.

The L'Acadie or Little Montreal River discharges
into the Richelieu River at the outlet to‘chémbly Basin.
The volume discharge of this river was metered and samples
for B.0.D. taken.

‘The Grand River discharges into the Richelieu
River at Isle aux Cerfs. The B.O.D. and volume discharge
were obtained as in the other rivers.

e) The Richelieu River

At St. jean, station 25, extensive sampling was
done to determine the initiel B.0.D. of the River stretch
above St. Jean. The dissolved oxygen concentration was
elso determined at St. Jean and Lake Champlain, and the
difference was less than 0.1 mg/l.

This chapter deals with the method of determin-
ing various sources of pollution and the types of pollutional
loads evaluated. The date collected in the "on shore
pollutional load"™ survey cannot be included imn this report
due to its bulk. In the following chq?ters a sample calcula-

tion 18 given and the results of all the data tabulated.
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CHAPTER VII

RATE CONSTANT

OF BIOCHEMICAL REACTION

The basic purpose of any river pollution survey
is to determine the waste receiving capacity of 1%, and to
prediet the dissolved oxygen levels which may result depend-
ing on waste load and hydrologlc regime variations of the
river. This essentially is a prediction of the river's
performance iIn the terms of the self-purification influences
which must be based on anaelysis of collected semples. The
analysis of the samples supplies information concerning the
drop Y in the dissolved oxygen from station to station
along the surveyed river stretch. This D,0. drop is the
result of interaction of two components - the deoxygenation
of water due to exerted biochemical oxygen demand and in
the reaeration of the river. While the deoxygenation rate
can be predicted with a considerable accuracy, the reaeration
time rate varies greatly from section to section of the river.
Consequently, any multi-linear correlation of variables
affecting the D,0. drop in the river water must be based on
a latent value of Kr’ appearing indirecetly in the correlation

factors.

.(“) It was mentioned in the previous chapter that the
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actual Kr cannot be determined with any accuracy under the
static laboratory conditions of rigidly controlled environ-
ment.

The true dilsposal influences in the river are
eliminated by incubating a semple in an air-tight B.O.D.
bottle, and the Kr values obtained correspond to static
river conditions, not existiﬁg in nature, Nevertheless, a
certain analogy can be drawn and applied between the dynamic
and static conditions.

Consider a sample of river water incubated at
the standard 20°C., and a slug of river water moving down-
stream in a rivery, In the laboratory the initial D.O.
content, its subsequent.drop each day and the temperature
are recorded. Similarly, the D.O. content, D.O. drop,
temperature variaetions, and river flow on sach day'of the
flow of a slug of river water can be recorded. It should be
noted, however, that the reaeration and the true disposal
influence components are present in the river,.

From the laboratory observation data, the drop
in D.0. can be calculated by the Churchill (5) method

discussed in Chapter III where

Y = D.O o't_l-. D.O.t

X;= the D.0O. measured each day

Xz the temperature variations measured
X.= the relation between D.0., and D.0.  expressed

as D.O.t/D.O.o

3= o
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The usual observation daete would show that Y, X;, and Xg

'will give decreasing values, with only a slight variation

iniXg.

Applying the multi-linear correlation theory,
the data of 23 composite waste discha:ge samples were
correlated. With the above modifications the computer
program written for_the analysis of samples in Chapter IV
was used. To correlate 828 items of the laboratory data,

a Cobol program (22) was written so that once the observed
data was key-punched into the computer,ﬁthe computer 1tself
would punch a data set for any correlation desired.

The correlated data, for all major waste dis-
charges into the Richelieu River was piétted. For discuésion
purposes the K, valué analysis of the wastes discharged by
the 8 ft. diameter Jackwood collector of the Town of St. Jean
was chosen. The observed and‘compﬁfed date for the Jackwood
8% sollector is given in Table (7) below where ¥ = deily
change in B.0.D.

TABLE 7

OBSERVED AND COMPUTED DATA - JACKWOOD COLLECTOR

, Y observed Y computed Y ocomputed )
_Time from observed from correlated B.0.D.
Days data data cume.

o 0 0

1 220 220

2 35  51.9 53.6 273.6

3 69 43.5 43.8 320.4
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TABLE 7 (continued)
OBSERVED AND COMPUTED DATA - JACKWOOD COLLECTOR

: .Y observed Y computed ‘'Y computed
Time from observed from correlated ‘B.0.D,
Deays date data cum.
4 38 41.3 38,5 358.9
5 29 34.7 31,3 ' 390.2
6 29 19.6 24.7 414.9
7 36 20.7 19.8 434.7
8 14 16.3 17.2 451.9
9 8 17.0 16.2 468.1
10 3 15.5 15.7 483.8

The daily change in B.O.D. from the second to the tenth day
is shown in (Figure 19). The three curves represent; the
deily change in B.O.D., Y observed; Y computed by the multi-
linear correlation theory; end Y computed by the multi—linear

correlation theory having first correlated the obéer?ed values

“of T°G,'D.0.t/D.0.° and D.0O. The computer results of the five

gorrelations are shown on the subsequént pages where; Y computed

represents B.O.D.,'D;O.t/D.O. T, D.0., computed from observed

o?
deta. In the final correlation Y computed is célculgted using
all correlated data.

As cen be seen from Table (7) the first day B.0.D.
of 220 mg/i‘was omitted from the correlation process. Since

most of the sewers. analysed contained some industrial waste,
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the possibility of an immediate oxygen demand (I.0.D.)
was recognized. Ihe time rate constant for the immediate
oxygen demand 1is significently different from the biochemical
oxidation rate and by using data from the second to tenth
day better correlations were obtained. The cumulative B.O.D.
was caloulated by summing the daily B.0.D. changes including
the first dey B.O.D. This summation is the B.0.D. at any
time t. A plot of B.0.D. versus the log of time is shown
in (Figure 20). The immediate oxygen demand does not affect
the shape of the curve but its plot position only. In this
way a better value for the time rate constant of biochemical
oxidation is obtainable.

In the usual B.0.D. determinations, D.0O. versus
time is plotted on semi-log paper, the D.0O. is plotted on
the log scele and time on the linear scale.

Reversing this process, the B.0.D. is plotted
on the linear scale; while the time is plotted on the log
secale., This plot is shown in (Figure 20).

The Epo, &nd K values may show considerable

river
deviations, the causes of which were outlined in Chapter III.
Consequently, the plot of B.0.D. versus iog of time does not
show a streight line relation during the early days of
incubation.

Plotting log of B.0.D. versus the log of time,

the B.0.D. exerted during the early days of incubetion is
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better defined, and a much closer correlation obtained, as
shown in (Figure 21).

From {(Figure 20) it can be seen that the line
of best fit intersects the time axis at 0.27 days, indicating
that the monomolecular reaction has this time lag. As
mentioned previously, the early stages of biochemical reaction
are better defined by & log-log plot as shown in (Figure 21).
The value of 0.27 days in (Figure 21) has a wvalue of 145'mg/1.
The immediate oxygen demand was then determined as having a
B.,0.D. of 145 mé/l at 0.27 days.

The application of the multi-linear correlation
theory, on the observed data obtained in the analysis of
sewage samples, produced the results of B.0.D. at time t
as shown in Table (7). The computed data was considerably
less irregular than the observed data, and, therefore, it .
was used for further caleulations.

Klein (11) illustrated the Thomas rm3thod of
calculating the time rate constant of biochemical oxidation
and the ultimate B.0.D. using the input data of B.0.D. at
time t.

The Xy value and B.0.D. ultimate were calculated by the

Thomas method for each sewage analysis. The immediate oxygen
demand and its time of development were determined as discussed
previously. The method used involved 69 graphs and 38 pages

of computer print-out. The data cannot be enclosed due to its

bulk (22) but the results are given in Table (8).

- 77 -

]



=)

10
9

|
]
1
R il A1, 1F, AT RN £ - gl g '
!
= T
3 ’
4
™ e d
] 7 1
E Y
2
11 /]
<A .m
H ™~
117
_Y
Y
%
Z Ve
™~ w - -
© w - @ © w L3 m - )
mMo_m;E 0L X §I1OAD € e @%M\%_ "
3 ! INHLIMVYOOT IN3S 3 S
~ L
1L-89

- 18 -




7

TABLE 8

RESULTS OF BBWAGE ANALYSIS

Lag
B.0O.D. ulte I.0.D. time
Town and Collector Ky mg/1 mg/1 Days
St. Jean 96" Jackwood «120 730 145 «27
30" Champlain .17 565 127 .18

Iberville 54" «10 275 432 l.4
3on .12 240 31 7

ign «15 330 60 1.4
Fort Chambly 30" .19 658 180 «25
Chembly Twin 24" «28 415 89 1.0
Richelien 36" .18 430 25 «17
St. Bruno, St. Basile .18 119 25 «50
c.I.L. 1st discharge 18 135 23 «90
2nd discharge .28 116 26 «10

3rd discharge «20 112 26 1.0

4th discharge «28 85 19 «20
McMasterville 54" «20 168 45 «10
Beloell 36" «18 430 25 17
St. Hileaire 30" .24 200 60 «15
Beet Sugar Refinery .16 135 23 1.0
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CHAPTER VIII

0OXYGEN S A G CURTVES

The data collected and analysed as
described in Chepters II, VI and VII can now be used to
caleculate the effect of the podlutional load on the River
both at present and in the future. The physical River
parameters, including the hydrologle regime were established
as well as the on-shore load.

Streeter and Phelps (18) proposed a single mathe-
matical expression for the sag curve if the deoxygenation and
reaeration coefficients were known. The deoxygemnation
coefficient can be determined in the laboratory but the
reaeration coefficient was more difficult to establish.

Velz (20, 21) proposed separete evaluation of
reaeration and deoxygenatlion coefficients end a subsequent
combination of the two in the solution of the Streeter -
Phelps (18) equation.

Phelps broposed a graphical solution to Fick's
Law of hydrodiffusion and Velz was able to express the relation-
ship as follows.

-k - 9k -25K
= 100 - [Ui- : € +-0) ]
D= joo C1 %oJxalos(e +eq —
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where D final D.0, content (avérage for the depth

as % of saturation/mix)

initial average D.O. as % of saturation
rtal

4L %
= time of exposure in hours

H o KR W
o

depth of water in centimeters

8 = diffusion coefficient for a specirfic tempe rature
The above variables can be determined easily except for %,
or the time of exposure. 'Gannon and Downs (9) have shown

that the mix interval can be related to stream depth with a

polynominal of the sixth degree if stream depth varies between

3 to 30 feet., A linear relationship exists for stream depths
less than 3 feet. Gannon and Downs gave the equation in the
form of & computer program, and have developed a program for
D.0. sag curve calculations. They have algo shown that the
calculated D.0O. sag curve satisfectorily desecribes = river
such as the Willemette River in Oregon, with a discharge of
3800 cfs. The Richelieu River is guite similar to the
Willemette, having a normal summer discharge of 3000 to

4000 cfs.

Fortunately, Gannon and Downs have been able to
express the oxygen sag curve in a mathematical form for which
a computer program could be written and have eliminated the
graphical approach to the temperature corrections, reaeration

coefficient, and time of exposure. They have slso determined
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the constants required to convert the‘normal physical river
paerameters, such as c.f.s.,, miles between stations, aress
in sq. ft., and others, into the corresponding units of
measure given in the Velz (20,21) formulation.

Although the computer program developed by
Gannon and Dowmns (9) could not be used, their approach
could be applied to write, compile and execute the program
ineluded in the Appendix 8. This computer program was
written for the Honeywell H 200 computer with & core memory
of 16K.

For execution of the program all that i1s required
is one card for general river conditions and one card for
each of the stations in the »iver, as shown in {Figure 22).

Computer Prograem Parameters
The porition of the stream under study was

partitioned into n. sections, as in the dlagram.

on

?nt

o direction of stgam flow
The following information was needed as input data for the
comnputer.

PJ = distance from point j to the mouth of the River in

miles, O = k| €

- R2 -
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<

T =temperature in °c at point §j, 1 £ J £ n

V,= volume of water between the points j-1 and j (in

?

millions of U.S. gallons) for 1 £ j £ n

= average depth in feet for the section included between

points j-1 and J for 1 € j £ n

the runoff past the point j (in cfs) 1 £ j £ n

= the "sludge" (in population equivalents) at the point

I, 153 %n

= amount of immediate oxygen demand at the point j (in

population equivelents) where 1 £ § £ n

emount of oxygen required to oxidize the organiec
wastes (in population equivalents) introduced at
point J which does not require oxygen immediately
1< 3%n

that percentage of the oxygen saturation value which

is actually realized in the stream at Po

initiael waste load (in population equivalents)

introduced at the initial point P where the analysis
begins

= the time rate constant of biochemical oxidation

The parameters were determined as follows.

- The mileage from the mouth of the River to each station

was determined from the data in Chapter II and is given

in Teble (9). In the computer print-out the No. of ITER

refers to the number of sections that the River was
divided into. OChambly Basin was divided by thres more
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‘hypothetical stations at the inlet, middle, and outlet

respectively. This was done to evaluate the effect of
Chambly Basin on reaeration and the pollutional effect
of the Huron River which discharges near the mid point
of the Chambly Basin shore line. There was no station
merkers established for these stations and therefore

there are no corresponding station numberse.

TABLE 9

STATION IDENTIFICATION BY MILEPOINT

Station No. Milepoint No. of ITER Location

25 55,77 above St. Jean

24 53.92 1l

23 51.64 2

22 49.74 3

21 48,88 4 Fryers Island

20 55,26 5 Richelieu~Chambly

Bridge

44,05 6 Inlet Chambly Basin
43.25 7 Middle Chambly Basin
42,44 8 Outlet Chambly Basin

19 41.81 9

18 40.86 10

17 39.92 11

16 38.97 12

15 38,03 13
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TABLE 9 (continued)

STATION IDENT IFICATION BY MILEPOINT

Station No. Milepoint No. of ITER Location
14 37.09 14 above C.I.L.
13 36.14 15
12 35.15 16 Beloeil
11 34+25 i7
10 3334 18

9 32.40 19

8 31.45 20

7 30.51 21

6 29.56 22 Isle aux Cerfs
5 28.42 23

4 27 .48 24

3 26.54 25

2 25.64 26

1 24.70 27 St. Charles

Ty - The temperatures of the River water were determined

by field measurement at the time of sampling (22).

VJ - The volume of the included water between two consecu-

tive stations was calculated for each flow condition

from the data obtained in the hydrologic regime studies (22).

DJ - The average depth was determined from data obtained in

Chapter II (22),
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Qj -~ The River flow at each station was determined from

8y -

1D

the data given in the preliminary survey (22).

The ultimate B.,0.D. wes determined by the Thomas
method given in Chapter VII and the method of
segregating the immediate oxygen demand, (I.0.D.)
from the total B,0.D. was discussed. B.0.,D, total
minus the I.0.D. was considered to be the oxygen
requirement of the organic wastes undergoing bio-
chemical oxidation in the form of suspended and
settleable organic matter. Phelps (15), Fair and
Geyer (8), and Klein (11) agree that about 35% of
the B.0.D. of domestic sewage 1is attributable to
sludge. . The exacf proportion between B.0O.D. sus-
pended end B.0O.D. settleable was not the governing
factor in this calculation. The approximete vealue
for aludge'was required to evaluate the effectiveness
of treatment of wastes in the ten and twenty yesar
forecasts of the River condition.

The immediate oxygen demand was determined as given
in Chapter VII.

The total B.,0.D, minus sludge ani immediate oxygen
demand was considered to be the B.0O.D. of the organic
wastes carried in suspension.

The above are the parameters needed for each station

card in the computer data deck. The calculations are

-~ 87 -
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quite extensive and are not enclosed. They are on file at
MeGill (22). The computer data listings are given in
Tables (10, 11, 12).

The single data card required to deseribe the
River as a whole had the following parameters.

No. = The number of iterations or sections analysed = 27
and was constant for all calculations.

X = The initial dissolved oxygen saturation at
station Po. An analysis of the dissolved oxygen
readings taken in the field at station 25 under
various conditions of flow gave the resulis in

Table (13).

TABLE 13

DISSOLVED OXYGEN CONCENTRATION AT STATION 25

Flow cofs D.0, % Saturation Y
3660 86.0 39,000
3400 85,7 38,000
3000 85.0 40,500
2470 84. 42,000

Y = The initiel weste load was determined from B.O.D.
and flow considerations at Station 25. As can be
seen from Table (13) the calculated values ranged
from 38,000 to 42,000 and averaged 39,900. For

calculation purposes the pollutional loads from
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sewer outfalls were considered to be constant during
the sampling period. An initial pollutional load
Y was therefore taken to be 40,000 in population
equivalents.
The time rate constant of biochemical oxidation.
Phelps (15) suggests that the K value for a river
such as the Richelieu River is normally between 0.10
and 0.20. The computer program was run for k values
from 0.10 to 1.50 (22). The curves computed with a
K value of 0.2 best describe the observed D.0, concentra-
tions further downstream. While it was recognized that
the K value was not constant throughout the whole River
stretech, the computation of the sag curve based on
K=0.2 produced a closely representative mathematical
model of the observed sag curves. This mathematical
model was then used for calculating future conditions.
The evaluation of the X, ¥ and K values completed the
input data required to run the computer program.

A sample calculation of the pollutional load
(in population eguivalents) for the Jackwood Collector
in St. Jean is given as follows.

From the data obtained in Chapter VI the
present population of St. Jean was 28,500. A detailed
sewer layout map (22) showed that 68% of this population

was serviced by the Jackwood Collector or a total
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connected population of 19,400. Table (6) shows that the
total population serviced in St. Jean used 5 million
imperial gallons per day and therefore the population
connected to the Jackwood Collector used 68% of this or
3¢4 million gallons per daye.

In Chapter VII the ultimate B.0.D. of the
sewage in the Jackwood Collector was determined as 730 mg/1
with an 1ﬁﬁediate oxygen demand of 145 mg/l at 0.27 days.

The total oxygen requirements were .
24,800

730 x 3.4 x 10 = 24,800 1lbs., or in 1lbs./cepita/day =19,400 = 1.28.

Gannon and Downs (9) in setting up the computer program for
D.0. sag curve calculations have used 0.24 lbs./capita/day as
the unit population equivalent. This value was applied in
the calculations and the resulting population equivalent for
the Jackwood Collector was determined as lfgg x 19,400 = 103,460.
The immediate oxygen demand from Chapter VII
was 145 mg/l or %%% x 103,460 = 20,500 in population equivalents.
The remaining B.0.D. was attributed to the suspended and
settleable organic wastes. Phelps (15), Fair (8) and Klein (11)
suggest that about 35% of this organic waste, in terms of
B.0.D., is sludge. The values of ID, L, S were thus determined
in population equivelents as 20,500, 53,960 and 29,000
respectively.
Similer celculations (22) were carried out for

the Champlain Collector in St. Jean and the three major sewer
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outfalls in Iberville. The summation of all the pollutional
sources in terms of ID, L and 8 for St. Jean and Iberville
are the values appearing at milepoint 53.92 in‘Tables (10,
11, 12).

It should be noted that in Tables (10, 11, 12)
the computations were done for three basic River discharges
of 2470, 3000, and 3660 cfs. These three flow values are
closely representative of the 20, 10, and 5 year return
period of a one month drought as shown in Teble (3). Also,
the computations were standardized at 20°C. for the purpose
of compearing the observed values of D.0., concentration which
were standardized to 20°C and the three critical minimum
River flows.

Where large population equivalent figures are
shown in Tebles (10, 11, 12), the value was determined for
the River section or iteration number and includes all the
contributing pollutional load within the River section.

The smaller population equivalent figures
represent the pollutional effect of the scattered houses
along the River banks. As discussed in‘chapter VI all
contributing pollutional loads have been considered and
applied in the computer program. The computer program was
run using the input date given in Tables (10, 11, 12) and

the results are shown in Tables (14, 15, 16).
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Observed Dissolved Oxyzen Concentration

The method of Churchill and Buckingham (5)
discussed in Chapter III and IV was used to caleulate the

D.0. drop between stations. This method requires a

considerable amount of calculation and Table (17) summarizes

the calculated results available in detail at MeGill (22).
In Table (18) a summary of the observed D.O.
concentrations for various stations is given. The analysis
was done using two portable dissolved oxygen analysers in
the field. At each station multiple readings were taken

on each instrument and the average at each station,

standardized to 20°G, is given in the Table.

In Teble (19) the dissolved oxygen values were
determined by the Wimnkler method. Although samples wers
analysed in the laboratory the elapsed time from collection
Yo analysis was less than two hours. Care was taken to
keep the samples as c¢old as possible during transportation
so that the analysis would be representative of the River
condition.

The basic flow referred to in Tables (18, 19)
is the flow at Fryers Island on the sample date. Since it
was not posslble to obtain samples during flow periocds
identical to the flow values used in the computer progran,
a correction was introduced to obtain the 4 saturation at

a flow of 3660 cfs. Table (13) shows an approximate
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relationship of 1% increase in flow for each 600 cfs
inerease in flow. This relationship was aepplied for
corrections in D,0. when the difference between basic
flow and the desired flow of 3660 was less than 300 cfs.
The tabulated values are given to the nearest %%.

The results of the computed D.0., sag curves
given in Tables (14, 15, 16) and the observed D.O. sag
curves given in Tables (17, 18, 19) are plotted in
(Figures 23, 24, 25).

Forecast Oxygen Sag Curves for Ten and Twenty Years

The computed oxygen sag curves agree with
the observed dissolved oxygen saturation to z 2% which was
determined previously as the 95% confidence limit. The
computed curve therefore described the actual conditions
sufficiently well and was used tq calculate the oxygen
sag curve for future conditions of flow, pollutional load,
and reduction in pollutional load by waste water treatment.
In Chapter II the return period of the critical
one month drought flow was determined as 5000'cfs once in
ten years and 2500 c¢fs once in twenty years. River flow
data was previously established for 3000, and 2470 cfs and
these values were used for the ten and twenty year return
periods respectively. The error introduced by using
2470 cfs instead of 2500 cfs for the twenty year return

period was approximately 0.05% of the dissolved oxygen
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saturation value as determined from Table (13). Sinece
the increase in population and pollutional loading is e
function of time, the critical conditions within the ten
and twenty year return periods were evaluated for the
tenth year (1975) and twentieth year (1985) at River flow
values of 3000 and 2470 cfs respectively.

In Chapter VI the population forecasts were
determined and the pollutional loads were calculated for
1975 and 1985 by the same method as illustrated for the
Jackwood Collector in St. Jean. The results of these
calculations with no treatment of wastes are given in
Table (20, 22).

The calculation of pollutional loads after
waste water treatment was based on the following considera-
tions.

Phelps (15) gives the efficiencies of primery
treatment plants as: 50% reduction in B.0.D. of suspended
organic wastes,

30% reduction in B.0.D. of settleeable
organic wastes, and

2 hours detention time in treatment.
In the case of the Jackwood Collector, the reduction in IDj
was the detention time in treatment divided by the develop-

ment time of the ID or 2 hours out of .27 days = 31%.

Reduction in Lj = 50% and the reduction in sJ = 30%.
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The remaining pollutional loads were
calculated in population equivalents and are given in
Tables (21, 23).

Phelps (15) gives the gemeral efficilencies
of secondary treatment as follows. Total removal of IDJ,
70% removal of Lj and 70% removal of Sj. The calculations
are the same as before and the results are given in Table (24).

Since 1t was not known what degree of treat-
ment, if any, would be provided for the towns along the
River the computer input data were calculated assuming that
all waste discharges would be treated similarly. The computer
results of the oxygen sag curve calculations are given in
Tables (25, 26, 27, 28, 29) and are plotted in (Figures 26,
27, 28, 29, 30).

TABLE 17

COMPUTED Y DROP STATION TO STATION BY CHURCHILL METHOD

Stations Basic flow Y drop % Change in Sat. %
cfs

17 to 15 2470 -1 83 to 82
.15 to 11 2470 -6 82 to 76
11 to 9 2470 0 76 to 76
5 to 3 2470 1 76 to 77
21 to 20 3000 6 83 to 87
20 to 19 3000 =3 87 to 84

19 to 18 3000 -2 84 to 82

- 101 -

i

I |




TABLE 17 (continued)

CCMPUTED Y DROP STATION T0O STATION ' BY CHURCHILL METHOD
Stations Basic flow Y drop % Change in Sat. %
efs
16 to 14 3000 -1 81 to 80
14 to 12 3000 -2 80 to 78
12 to 10 3000 -2 78 to 786
10 to 8 3000 0 76 to 78
4 to 2 3000 4 76 to 80
25 to 21 3660 -4 86 to 82
20 to 12 3660 -8 86 to 80
12 to 1 3660 0 80 to 80
TABLE 18
OBSERVED D.0O. % SATURATION - OXYGEN ANALYSERS
Station Basic Flow D.0. % Sat. D.0. % Sat. at Flow 3660
1 3580 78 78.5
1 3670 80 80.0
6 3670 79 78.5
10 3670 79 78.5
12 3670 79 78¢5
19 3660 85 85.0
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TABLE 19

D.0. % SATURATION - WINKLER METHOD

Station Basic Flow D.O. %‘Sat. D.O.‘% Sat. at Flow 3660
25 3956 88 87
24 3662 80 80
22 3662 81 81
20 3872 87 86.5
19 3788 8645 86
19 3872 88.0 87
17 3788 85.5 85
17 3830 86 85




%

/\
e’

RSN

TR

t LS ey 7E

0

i
I
|
|
|
i

T RKRIINRRARE
i

1S

83,00
33,00
2l 8300
I 83,00
5@ 83000
83,00
& 83,00

v

|
§ X
|
|

410810
12400863
3Y9.917
1238971
38,025
14370090
B366lb44
1535a149
B4al49
1633o344
320393
i73La452
300500
13290560
280424
19270478
;260542
240700

18]

I8

i
!
2|
I
!

1S
W

2

N

[N

5.
<

[

<]

|
2%
!

60000,
60000,
| ’()()OOOO
60000,
60000,
60000,
60000,

T

22,5
22,1
22,8
21,5
22,5
2100
20,0
19,5
19,1
19,0
19,5
19,5
19,3
19.1
11940
18,9
19,0
19,0
1940
u904
!19::6
195
19,5
19,5
19,5
19a7
2102

44856 7 g ) 367 VOr Iz odda I“ﬂQIZ“ ,L/x%u:z;
| miBLE 20 5 ‘
‘ B | |
POLLUTIONAL LOAD = 1975 = NO TREATMENT ’
| |
X ! | ?
0410 | ! ?
0,20 ’ |
0630 j
0040 |
0050 i
0075 ;
1,00 i
v D Q} L' S 1D
500,85 4030 2918,87 105410, 63665, 355600
64650 4,60 2923.97 510 Os 0o
734047 Yoil5 2927,92 6304 0o Oo
2%1.65  ©0oY 25200 770, Oo o
809232 4,0 2932.14 202, Oq Oo
1200 450 294000 997500 9360, 8909,
2580, 5,0 3000. 8350, 25200 2680,
3000 9,10 302500 415, 0o 0o
215, 117 305424 1800, Os 0o
325010 9.0 3055016 8317 Os Oe
34065 1105 305504 11192,  3000. 600,
330038 10,3 3057,6 192, 0o 0o
300,37 8ed 3062042 720 ¢ Os 0,
285030  8ob0 3065,78 5000, 0o 0o
HﬁZ»l 5&40 5067024 455050 440500 150200
16649 415 3068.56 17000s 10200 28006
262:20 9050 3069613 21000 900, 15000
335018 122 306974 450 Oo Os
534042 lu03 3070050 5500 Oo Oo
333.30 108 307295 245, 0. Oo
288,00 95 3073.93 120 Co Oo
37902? lhoB 3013930 124%q: 0o Oo
11‘138090 10106 3‘.)(}1.0:75 22201 Oo oo
113942 1263 30?1058 135QO Qe Oo
307.87 115 3091.85 250, 0o 0o
282,00 9.7 3095,80 700 0, 0,
289.47 9425 3096029 3900 0o Oo
1 |
1
!
- 104 -
573901234567_890|:‘.34567c90|23-:‘5&;71;90!23456709

48678490123«

%



/N

NS FN

SEE LUTINEDS Foke

mrnasevuslorrzassredlorzaas “yx“aswaﬂ@mzawvsomzz ﬁ?uv
i i 3
o! | |
% | winnm 21!
] ; | | !
: | ! i !
2 MR RR R POLLUTIONAL LUAD = 1975 - PRIMARY! TREATMENT
i i |
5! ! %
5 X Y X ! !
L 86450 300000 | 0010 | i
' 86,50 | 300000 | 0620 f |
5 86,50 30000, 0.30 | |
| 86450 30000s | 0040 ! |
of 86,50 | 30000G. | 0.50 | |
. B6650 30000, 0075 i !
71 86650 300000 | 1000 ! i
R P v D Q L S
530024 2205 500685 4030 2918067 526600 44660
951639 2.1 646050  4on0 2923.,97 510, Oo
490744 2248 TB4es7 9615 2927.92 630, Oo
10460583 215 241065 69 2930.0 7700 0o
450258 2265 809032 %010 2932014 2020 0o
144053 21,0 120 400 2940,0 508750 17500
432250 2000 2800 560 3000 4175l 1770,
12420443 1945 300, 9o 3025.0 4150§ O
:*"rlualo 1901 2'150 lln? 305‘/‘-029 1800I0 Oo
13400863 [1950 325010 9. 3055016 4317k 0.
390917 195 34005 1S 305504 5692k 21000
14380971 195 380038 10.3 305706 1924 0o
350025 {1943 30037 849 3062042 T2 | Oo
15370050 1901 285.30  £o50 3066078 50000, Os
B3ool44 11940 182.1 5040 3067024 178550 34680
16350149 1869 16609 4ol75 3066056 8500, 7150,
340249 11900 262,20 9,50 3069013 10500 6300
17336344 19,0 3:35018 lZG? 306‘9074 ‘.‘50 Oo
3264398 19,8 334042 11,3 3070650 550, Oe
18310452 19,4 333030  10.38 3072095 245, 0o
BUe506 1946 288,00 9o 3073.93 120, Oo
]9‘:290560 195 3579027 118 3073050 124, O
Roo424 1965 433,90 1006 309155 222, 0s
20214738 1965 313042 1263 30%91.58 800, Os
20:5‘;& :lgab 3}07087 115 30?1955 2500 0o
21250635 (19,7 282000  9ol78 3095,80 700, Oo
240700 2102 289,47 9025 3096029 390, O
22; i
23§
.
2]
!
25,
!
]
26}
27|
i
2!
i
29E - 105 R
30 . : :
]X:.. SG67¢9/012345078901234506720901 S6789/0123456789[¢1233567¢809

ooal

Id
° 23182,

012345¢7809




i 4

‘( L — Yoo
O -zaﬁssiiﬁdﬁiii§1i£°6liiiiii1»33337???i6dﬁzijﬁiﬁﬁi6&3§&?¥ﬁ§3$ﬁ3325£}{ﬁofibd
’ 0 ° ! . TA?I?*? 22 ) . .

o . N FRR SO (i tuodil

1 . vine e PR JU Y AU SOR e URRENTUNPSR ——
<1f3 969696 0 9 “POLILUTIONAL LIDAD = 1985 = NO TREﬁTMENT

LA, 2 o e e - ! R e
! . X Y K
O T77.00 100000 | 0410 B
e 4| .77.00. [100000, 0620 -

: . T77.00 1000004 0030

. O 5|...77400.. [1000006.__ | 0040 | .. -

, 77400 [100000¢ 0450 .

! 6| . 7700_.[{100900,.._ |.0e75 . N - _

O 77.00 100000, 100

| b4 I I M — e - - —

Q 8| .P R T V - . D‘ D S R . . N

: 534924 2245 493,40 4420 2460.65 128030s 49005 43350,
9514639 _ [22,1 64760 445 2464493 8504 Oe.. Oe_
O 494744 (2248 743e0 - 940 - 2468425 1050 Oe Oe
10684880 __|21e5 2/4100__ 6.5,__mm_24 0e0 1920 ___ Oe.__. Oe :
450258 |2245 835, 440 . 247180 508, Oe Oe ,
C 111444050 __ 21,0 11040 4 4|0 2475430__144700,__10800e___ 102804 ______
: 434250 12040 190, " 48 2500, 106&0. 3200, 3400, ;
L 12[42e443 ___|1945 190. 48 . 2550e __ 690e_ ___Oe___ Oe
s O 410809 (19,1 212 1105 - 2573430 30006 Oe - Oe
s _ 131404863 ___]1940 317 9435 _‘ 25T4407__11130., A Oe . Oe
3 39,917 1945 334e 2 " 1160 .3 257423 4 19320e 166504 Oe
H®) 1438.970“i119.54567031313?5671003L£L1225'6.061&320h2J£iiOoi5’0'230ob’3"“'234
H . 38,025 193" 21404 T 8430 . 25T6e46 120 Oe OW. P
£ 1537090 ___[19,1 263e0__ - Te65____ 2580413 __8000e __ O | ___ Oe .| ___ °
O 36el144 (1940 ° 153, 4455 2580451 59245. 45253, 24752 '
: . 161356149 __ {1849 156, 4447. 2581461__33156 20360, 465%e |
: 344249 (1940 253, 9.3 2582009 3617 1050, 2333,
: O 17133344 __ 1940 328, 12.0 2582460 ___ 750 |~ _Oe. . Oe
32398 19.8 323. 109 2584490 920 Oe Oe
1831452 194 224 10e2 2585430__410e ____ Oe___ Oe
O . [30e506 (1946 .. 351e = 1lle6 . - 2586413 420 Oe - Oe
191294560 __ |1945 365e_ . 1le35 258771 __210. ‘O Oe ;
: © 1284424 |19e5 . 432e - . 10e8 = 26Ule46 3704 Oe Oe
O "l 2027478 __|1945.__ 1 2386 __: 11.9—«__“2603017;«19001_ O¢. | .__Oe
. co2d 25 0635“_; 1907 C N 26700 : 9.25 . 2,606.72 117.,._____”___» Oe___ O
O - 244700 B 2162 T 2920 - . 940 i - 260Tel3 6504 Oe Oe
o : L 9Tee ? SR s N _

O ' .. 23 -

o 24(. .. ';‘
O - - ) e
25| .o, . !

@) 26{ . __ |
n 27| . S R - —
o) J
ot 28). .. . —

: ) ] ‘v
0.0 l : L. B B AR e 4 : . 5 - b L e

O.’ N .I,.z_a__l,,S_g_‘JJ,.SDJ::!4:0700;9_4:'3450739“0123480‘730o12343075901z:ase1anolzslase7590123.

I ' - . o o _m




O o

2

O O O

WOORE BUSIKESS FORNS LTD,

T FORMALINER

D 0 600 0 0 0 6 0 0 0

O

. 26

!

o
EN

3

CRal

i

. e S e ascmect v et

12345678901 334587 anl6123456709|6123456789]0123456780]0123456785/012345678 901234

, 0 ‘ TABLE 23 4 5 6
1 J********.** .. . .POLLUTIONAL_LOAD .= 1985 = PRIMARY} TREATMENT| ... o o f
2|.... . X i ,.AK..-..._.-..M N.....-..f . R .
3{..836¢50. [50000,._....] 010 -
83450 [50000. 0.20
4]..83450._ [500004 .1.0e30Q —_ -
83450 500004 Oe40 :
5| .. 83450 500004 0650 . o —_—
8350 (500004 Oe75 .
61 . 83.50-_.50000,0_ .1.00Q . JRRSRU —— - — e |
7 L S 4.V .0 R ... Y. . S_ | .ID
536924 2245 493,0 420 2460465 63615 33995|e 28110,
851639 . __ 12261 6470 445 2464¢93..8504|. . Oe.__. Oe
49e T44 1228 . T4360 ) 9.0 246825 1050 Oe . ) Oe
91484880 ___ 2145 2410 645 -.24700 ___19200. Oe. . f: Qe __.
45258 22.5 - 835 4 4|0 2‘071.80 5084 Oe 00 .
10144050 ___ 1210 1]100___ 440 2475e¢30__7035(00_.._. 75506 6820e_|
430250 20,0 190. 448 2500¢ 5300/ 2540, 3150¢
11426443 ___ 1965 190, 48 2550e. . __6904] __ Oe Do .
41809 19.1 2126 11le5 - 2573430 30006 Oe Oe
12140863 ___|1940 3T - 9e35. - _25T4e07__5830e___ . Oe .. _ Oe
. 39.917 19,5 334. 11«0 25T4e23 9820 . 4650, Oe
13 38.970 —— 1905 - 3130 A‘_1_003 25 6006_320'~ _____ 0., — 0.
38.025 1943 |- 2404 2 . 84|30 .03 2576 046 4 120, 50. ' 0_3‘0 i
14[37609072911951255 7026330255 776/652235:c2580e13:580000 12230072700 1230ez 780001224
36el44 19,0 153, 4455 - -+ 2580651 29615, 31590 33670, o
151350149 _ |1849 156, b4 258161 __16600e____ 14200, _ 37006 |.___ |
. 344249 19.0 . 253 943 . 2582,09 1808. . 7354 18704 ;
.16 330344...._... 190.0 .3281 12.0 . 2582 0.60_;~.750 Oe M oo
: 32,398 19,8 323, - 109 2584490 920, Oe - - De
171316452 |1944 322, .. 1062 2585¢30__ 4104 O, R * PO
306506 ' |19,6 - 351 1llle6 2586613 420, Oe Oe
18[29¢560 __ [1945 365, . 11e35 . 2587471 _ 210 . - Oe. .| Oe
28e42% 19.5 " 4326 . 108 = 260le46 370, Oe O
19|27e478__ 11945 238 1le9_ 26_03,.,1_7_‘___).200._ ‘Oe i Oe
264542 195 .. 288, : 10e9 . 2603640 4204 Oe Oe
2025635 1967 .. : - 26740 925 - 2606672 1174 Oe¢__ | Oe_._{ =
2 . i L o i :
22| . e
23 — -
‘24 '
25| o ) _—
27 o e . - — .
28| ... B} -
2. 3 R R N B ;
o 0. | o4t b2t o i3ic o4 )i 5 I b .
: a8 87 a0 3456 iesf0 1234867090 123456760[01234508785(01 2348676501 235456788[01%3




{
/

O O

~—"

O 00 0 0 0 A

O

HGORE SUSINESS FORMS LTOD,

FORMALINER

O O O O O O O

Cf

=

o %

€

-

T W s e T e[0T E 457890 {53 A5E 7 oo Z 345 e 70023 s 67860123 W s 70 8[0 1234567800 "“2'5"
0 ) } 2 3 4 5 6
Of i e o e e [ PABLE - 24 o e . —
1. L;.,.--*. SN SRSl [N U ORI [PV PGP N
e J 36 3 96 36 e POLLUTIONAL LOAD =~ 1985 =~ SECONDARY TREATMENT
2 | e s [ e OO I N U o
el X Y K- L SR PO
86450 30000, 0.10
4]..86450_1..30000,_.1.0e20 - efem
86450 30000, 030
S).. 86.50.. .~.A30000.....~. O.‘fo —— e e e | e
86450 30000, 050
6] B6e50_.1..300004_..]..0475. - - J—
86450 30000, 1.00
7 - P o .T 1V D - Q e N i B ‘S";‘ — ID
853924 . 2245 . . ____4093.0 4620246065 _.38265e ... 14702)s.....0e
51e639 221 6470 % o5 246f+¢93 850, . O 0.
919744 . 12248 T3 60 9.[0 ..246/8625._.1050..___ Qe . De-
“B8e880 21e5 241.0 6e5 . 24700 1920/ Oe O |
1045258 _.[2245 835.. I (0 247180...5086| ... .06 ..o leee D@} |
444050 210 110.0 440 2475430 42860, 3250, Oe
11143250 ___ 200 190, 4e8 . ..2500a .._.3180 960, Oe
42 0443 1945 190. _ 4el8 25504 690, . Qe 0.
12741809 __ 19l 2|12 11lle5_ 257330___3000je Ose. Oe ~
404863 19.0 317 935 - 2574407 3530k Oe Oe
1339¢917..__ 1945 3B4e.: ~1leO . 257%e23__.6020/..___.2000. Oe
38970 [19¢5]  313e. 2 1063 3 2576406 4320 O 0e
1438602572 °19432367921404.3255786(30224562576646..51200>.1 2230472300 220s 78050 1t22r
" PBT7.090  [19.1 26340 765 2580413 8000k O, 0. :
15360144 19,0 153, 4e[55 2580651 ___18725e_....13580/ Oe
1B5e149 1849 158 “el47 258le61 10000, 6000, " De
1634249 ____[19.0 253, Qo3 . _258209_.1080/e 300e.. O
33 ¢34% 190 328 12.0 2582460 75, Oe Oe
17132398 ____|19.8 323, 1069 258/4¢90__.920, Oe Qe o]
3le452 19.4 322« 10e2 . 2585430 . 410, Oe O
181304506, 1946 351 1llle6.. 2586613 ___420. O Qe
294560 195 365, 11/e35 . 258771 210, Ge Oe
191280424 __ |19e5 432 0. 1068 } 2601..46,,_.»_3.70'._. Do Oe
27478 19,5 238 11le9 2603.,17 1020 . Oe
20126542 ___ 11945 408 _10e9 ___.__ 2603640 _ 420, - Oe Oe
|125635. 19,7 26T7e0 . 9425 2606672 117 Oe O
21 2.5010.0._~__ 21e2 ) .2'9'2' : 9 0. 260713 ___650. Oe Oe i
22 . - - L : "' . .
23, . ..
25| — .
26| . ol
7| | - — —
28| .. . — .
R g i
29 SRR SR ISR
. e <= 108| - . . 5
‘30| __ 0 2 o 3 4 .5 6 S
. Jv,z-ang_s_us__?_p_‘g9__1_;_3,__;‘9,_13&94_;__:453739_0:2aasa7aq_012345373901za4sa7a901za4ss7a__gc-z:¢l
L |



0O

0O OO0 0O OO O OO 0O O 0 0

5

)

j ‘I‘O U‘l‘{l)

o

i
] Y
123 ‘(1‘5 6789f0123 lls 67890123 4;'6.'1"&9 ) ',fhh}!ﬁé'iég 012 :u: 67890123 455 €78090ot23 ‘65 67890123 ‘,[
of . | OXYGEN PROFILE OF. RICHELIEU RIVER.. 1975 | NO TREATMENT - -~ .. | -—w
1| NUMBER OF STATIONS| 27 - | e | o
2|. NORMAL VALUE. OF PERCENT.QXYGEN SATURATION. ... .. 83600 ... . | . -
INITIAL WASTE LOAD| AT PO 6000000
3] BOD AMORTIZATION.RATE. __ . 1020 o e o S IS SR, -
4. - ) . : - - S R e e o | cea e e o
NOes OF - MILEPOINT - PERICENT ~ [TRUE PERCENT
6{..-..1TERa. SRR SAT RATIO.N_,.._H.SATURATIO[N._ S ._'
12 P W DA 53492, S 7% 3 71433 |
2 51e6/% 7547 - . 7547 ~ ,‘
8 v 3_ 49,74 75033 A 75433 :
4 48488 . 76403 ’ 76603 .
O . Sl 654206 —— 83.4.2_._.....,....,_—_.83042 ]
6 "4.05 82.60 ' 81.15 .f!
| o} U Tl 43425 180682 80441 !
8 42 044 Blel9 - 8lel9
M 9. 41,81 80e86. | .. .80e86
10 40486 80460 : 80460
12 11 39,92 7995 _____ | 7989
12 38497 7962 T79e62
13 13 38,03 T9eTl | 7971 -
0 14 37.09 79.8‘3 {7908% . 6
14t 2225158000123 45368ll4r 23456705/ T6e345567081]01231T4eQ4n1 22550700001 23350780/012334
16 35015 T4484% , T4e59 }
15t 17 34625 7"0‘0_2._.....:._,.._.__.____74028 o
‘ 18 " 33434 v 73093 . 7393 i
| 1-Y [P— 19 [ 3240 13692 | T 73692 ;
20 3145 ( 73693 ' . T3.93 :
V|21 30651 s T4e22 Ll T4e22 -
22 29456 74029 T4e¢29
18,23 28e42 T4468 ‘T4¢68
' 24 2748 74481 T4481 :’
ol 25 26454 75405 75405 : o
26 25464 75452 7545
20| ... @7 24470 7567 78.67 -
Y o w .,.\ _ i
22| .. - r ..... ,
.o . ! |
23 ) '
. ,
25 i e — :
26 - - 1 ‘
27 ot - » P
N
28| . .. . : I
' A I j‘.
R ST
3| .0 . S A - 3 4 . SR
123 456789/01234358769i012343586729 "0I334'SG7!' 0'!34867690!1.345!7890|2”345670.9‘94__2__‘;“4'

oy

! ot

]



Q
("'\

%°°%" 0 0 0O 0O O O O OO OO 0O 0O 0.0 0

O

>

01234567809j01234567898

01234567809

1234567809 01234567089|0123456789/0123456789
G ] 2 TABLE 26 4 5 6
0 OXYGEN PROFILE OF RICHELIEU.RIVER.1975. pnxmny.mx%mlmm S
11 NUMBER. OF STATION 2T e e U R R -
2| NORMAL VALUE. OF PERCENT.OXYGEN SATURATIION. ... 8650 .. . || ——
INITIAL [WASTE LOAD AT PO 3000000
3|.BOD AMORTIZATION.RATE .. . 120 . . __ | . S
4 . - N I . —|--
Sl e i e e b et
NOe OF MILEPOINT . PERCENT FFRUE PERCgNT
6| ITERa. - ‘ SATURATION_ . |- SATURATION
Pl Ll 53492 82471 79420 ___
2 5le6% 83402 : 83.02 , '
- [ N —— 1 Y (L . |B3e62 B3 06
4 _ 48038 84421 v 84421
ol S 45426 18965 | 8951
6 44,05 89465 88468
0] e - V43025 —.|88e50______ 8810
8 42044t 87e43 - 87.‘0}
) 1 I [ 9 ‘010 1 87032 ......... ,._____.___87.3%
12].. L1l 39492. 87603 _____ | 8740
12 38497 " |B6e99 8649
18 13| 38403_ e BTedlT | 87l
14 | 3700 T 87434 87434 T
14li23251520|0 1258 5360lj@r123a58728 /84545578 9]0123:83e43|01223567809[0 1234586782 01234
o 16 35615 - 83442 83422 . ' ]
15} LTy 34025 83627 __ | . 83.16..
18 33,34 83412 83,1
16]. 19 32, 0,__ — 83.27__,_,___,,.____;__“83.2
20 31445 83443 . 83e4
2y | 306591 __- 83472 83072
22 2956 - 83.89 - T 83,8 '
18| 23_| 2842 i _|84e26 . | . 842 _ 3
24 2748 84043 S 84e¢4 b
19|25 26454 84065 _ _..BhebS . ;!
: 26 25.(7:|4 84499 | 84499 :
20 [ .27 ...8%070 8423 oo Bhel e :
21 G g
] - !
23| _. - s ‘
24 e . i
i
25|... .
26} .. - S
27y — - — —_—
28|: . f 0 RO ;
B) N RS AR S IRV ILL® I i
| 0 | i i R Y T ‘ 6 .
) l_,z,a,_{_;__,g.?_’o‘g‘9__!_3__3__5‘5o-7.:.9~1_LJA.5 0'1090!13‘!50709 01234367890]01234856789[012 3?56 7.0 s‘o_l z_;\__\'
R o o ' . ) v ol A



\../‘

FORMALINER MOORE AUSINESS FORMS L0,

v

00 0 0 0.0 07" o 0o 0o o0 0 o0 Aa 0 O

29

123748838001 4345678 [0 1 23 A58 78 0|01 2734567 58]0 ETASE 7860 A s e 78 0[60 1 H A5 e 60173
a ! 2 . | TABLE 27 4 t 6 S
' OXYGEN PRPFILE.OF. RICHELIEU R|IVER_.1985. |NO.TREAT 1 ;
NUMBER. OF .STATIONS| 27— | e e e e
NORMAL VALUE..OF.. PERCENT.. OXYGEN SATURAT[ION. ... 77/s00 R
INITIAL WASTE LOAD| AT PO * 4[LOE+06 g f
80D AMORTIZATION-RATE oo (020 |
"NO. OF | TMILEPOINT  PERKENT  [TRUE PERCENT )
— 1TER... S SATURATION-..— [ SATURATION
I ) S Y- - S 73612.... 65454
2 51e6/ . 6989 - 69.89
R U S 49T 168e52. 68452
4 4a.aE T b9ed2 69e42
T T 45426 79487 . 79487 .=
6 44.of5 78456 76458
SN N — 43425. 1553 ... 74490
8 4240 - [16e40 . T6e40
9_:“ _...,.‘01.81 . 75.57 - 75.57
10 40486 74481 74481
4._.:,,..._.11‘_.“ .39.9 73418 : : 73,18
12 3897 . 72451 72451
13_. 384003._. 72644 |l 72644
o le | | 37409 o [T2.613 J2461 , _ Ch
1221518000123 53651% 12345578 68e7H5.6 782l012310664Q4[0 122856 700[0123a50678¢ O_Lg;iﬂi:‘
Y- ' 35415 " 165410 . 64459 '
o ATl 342D 64410 . 63.84
18 . 333 - 62098 62,98 i
19 32640 62480 62480 g
20 31le45 62472 ‘ 62472 I
21 _ 30e5|1__. 62663 " e 62’063 .
, 22 29.5@ ; 62672 . ] . 6272 |
e RB_|_____28e4f2 63027 63427 f
4 24 27448 63046 63446 i
25 | 2645/ 63490 163490 j
26 25064 .- |64e76 64¢76 )
Ry A 2470 . 65e04. 66404 _ ]
A ) . A o o | ‘
22 : .
23| -
24
25
26 z
27| _ e
28| ..
- R K B I ,
| 0 : S R 4. - ° )
1123456798090 12343678901203 01234367890 123485867809 789]012345678.9




f
!l O _ 123 405'6 7809|0123 ‘A"'s“e'f“l':i's 6'|'jz,_3’:4',:.5‘:6"7 s 9)o :l'z-.i’ii' ;72889 012 3;'42:: 678 9]0 l',’g,‘a_:nsri“é‘7.a"9 0123'465 6789 'p_“f_’i::i_'l
| O ol OXYGEN PROFILE OF. RICHELIEU RIVER...4.985|._ PRIMARY TITEATMENT.-,._.. S
1| NUMBER OF STATIONS| .27 . _ | . ool
¢ 2| NORMAL VALUE. OF PERCENT OXYGEN SATURAT|ION._.._.83 - W‘
INITIAL [WASTE LOAD{ AT PO 50000400 i
‘ o . 3/.80D AMORTIZATION_RATE.. ... _ [«20 —_
4 e e e e e - — ——
E @ L3 PR KU NN S I .
i NOe OF MILEPOINT PERCENT TRUE PERC
; o 6| e ITERG. | . SATURATION ___ | _SATURATION
7 e b 53092 |Ble43 . 76651
2 Slebis 8065 - 80665
O 8 3 49474 80e72_____ | 80472
: 4 48088 8le42 8le4
! 9. 5_. 45026 |88e24._.___| 8842
O 6 | 44405 - 87420 8548
L+ J (S T B3e25 18533 | . 84e7
8 42044 84481 84481
O Ml 9418l . |84e48 | . 84e4 -
. _ 10 40486 84027 | . 8442
2. D 39¢92_ 183643 | . _83é4
s O 12 38497 , 83424 83424
7 13 13 38003 (83434 .__ - | 83,34
H . o l4 | 37009 2. (8359 . B3e59 5 s
go 14“_"“’f?ulsi_’._‘_”v"‘23‘5.36'6.1‘0‘23.‘557“18038‘0.5_5.._"_3.39_._‘_}_.:‘_i7.7015 13 5578¢0lotr23a557809el0123
§ . 16 3515 - 76656 T6e16
H . 15 17 34425 . 1T6el2 | 75491
O 18 . 33634 0 .. [75468 75468
g 16 e o 39 | 3240 | |T5e84_ __ | .. T5e84 __ _
20 3le45 . - 7604 . 76404
:O 17 21 30051 . 0 [76620 . . 76420
22 29456 . T6e46 o Tbe46
18] .. 23 | 28e42 __ __ [77400__.__ | . . 7700.
@) 24 27.48 ~ 7722 T TTe22
19 @5 26054 e |TT7e60 . | . T760_
- 26 ‘ 25464 o 78421 - 78621
- O 20| 8T _ | 2470 _ (7807 | . . 78407 — !
21 . ' L . -
O
‘;t 2240 ... —
| .
o) - 23],
l R
4 24|
§ @) -
h 25].. : N
- O 26|, . o ——
o 27| — -
g 28 .. :
30 I, I R T 2 . L N 6 -, |
o Al_2_\3_,4__5_9_'7_9,__99__‘]_73‘;3__5!709‘0I}J“'587330|2'3‘587590|23'4587!90l234567590'1?‘56__]__890!237
| ¢ : - ; ] )

{
|




MOORE BUSINESS FORNS LTD.

FORMALINER

O 0 0O O 0O 0O O O O 0O 0 0

O 0O A O O

T~

@)

O

408

O

i

9# __u
(=~

N

R EER) 5‘,{3'5;_1'; 012345678901 234856789/0123 4_;5 6789)6123 456789012345 67890123456 7809[01 23
0 I 2 TABLE 29 4 5 S
olf. . | OXYGEN. PROFILE. OF.RICHELIEU RJIVER....1985 SECONDARY TREATMENT __ | _
1. NUMBER .OF STATIONS| .. 27 | o e e e e o e e s o | e e e e
2| NORMAL VALUE. OF. PERCENT..OXYGEN SATURATIION. ... 86/s50.. oo | om wmecm | eoee
INITIAL WASTE LOAD{ AT PO 30000.00 !
3 .BOD,AAMORTJZAT‘.ION_R'AIE..».._.T.W020 - L
Y I e e {
3 . SR SR, . e e —_ |
NOe. OF MILEPOINT .- PERCENT TRUE PERCENT
6., ITERe.- R - SAT.URAT.I‘ON%_.._. ~-SATURATI]ION. ISR B
71 53492 87435 87435 |
2 " . Blebl 89481 89.81
8 3. 49e T .. B9e63. 89463
4 | 48488 89,84 89.84
9 S 4562/6 93e45 93645
6 | 44,05 92492 92,492
0o o T 43025 92.46 - 9246
8 4204/ 90e31 90.31
n .9 4l.8]1 90e10. 90410
10 40486 89497 8997
12 11 39692 . . [B9e55. | 8955 S
12 38.9V e 89e43 89.43
13 .13 38403, 189450 89450
‘ 014 ) | 37009 - 2 ' 89e6& . B9.66 . b !
14 Li.:ilef.‘:&LLiL&Bb&l‘o..'? 345 573° 1886156789012 21 88ebLlo 12328567890t 23as s 78001 zsj
16 35415 : 88e42 - 88e42 i
- 15 17 3425 ______.,,88.25 88625
18 33,30 87495 87495 |
16 19_ 3240 - 87482 8782 : !
‘ 20 3145 8780 8780 !
17 .21 . 30651, —.8T7e73_ 8773 l
: 22 29456 8T7e 74 8774 !
1§ 23_. ' . 28042 - 187086 8786 '
26 [T T 27448 87091 87491 :
19085 . _26e54. 8804 88404 ! ¥
A 26 25460 . . |88429 88429
20f ... 87 __. 2470 89067 89467
21| ' ' ' ) i
2| ‘ :
23|, : = f
255 S — :‘
20| e e
270 e .
28] ... - '
29 - ,_
e TTI3E : ;
30{___.0 | 2 - : 4 - b
- T2aase T elo 12356 7800133 A8 8780012345670 0/0 12356 780|001 7345678001 2345678 90123

M



()

PERCEN] SATURAT/ON

STATION
?L?‘" b NS S TOSVL T o d Q0 O8N0 W tma o
q5
90 COMPUTED OXYGEN SAG CURVE
(o] COMPUTED D.O. DRorP 8y
CHYRCHILL MCTHOD
85 /‘—\‘N"'\
| / N
\ / X
\\ // \\
/ /
l / Y
‘!.-
\ N
~4 ‘{‘ A4 \"
75
70
64 1 Tttt —y—— S s S e i e s o .
% 3 0 $ P 3 %

FIGURE 23

OXYGEN SAG CURVE 1965 -FLOW 2470- NO TREATMENT OF WASTES

MILEPOINT FRoMm MouThH ©F RIVER
- 114 -




S’

SATURATION

PERCENT

95

OXYGEN SAG CURVE

23
20

FIGURE 24

1965 -FLOW 3000 cfs~ NO TREATMENT OF WASTES

STAT/ION

Frocdwyo

90

©

A4

D

85

oD

\
\\
8o \

75

70

é5

551

SoH

$

MILEPOINT FROM MOUTH OF RIVER
- 115 -

WM W 9

COMPUTED OXYGEN SAG CURVE
COMPVUTED D.O. DROP By
CHURCHKH/ILL




FIGURE 25
()

OXYGEN SAG CURVE 3965 -FLOW 3660 cfs- NO TREATMENT OF WASTES

STATION
S 8 8 95 S TOAVLT N NI LCOnwle Tmo o
1 q5
COMPUTEDR OAYGEN SAG CURVE
9 compurép Dp.O. DROP B8y
CHunrchILL METHOP
96 A OBSERVED D.O. CONCENTRATION
E BY OXYGEN ANALYSERS
I OBSERVED ©DO. CONCENTRATIOM
& 8Y TWE WINKLER METHOD
z il
Q g
NI &
s |\ / Y
I
Y [ / \
SN A p \
- \| A , \\
8 ”‘_‘M O 4110
|8
Qs L
.‘/——
&
75
70
() 65 L I T 1 1 1 1 1 .y 2 3 L L ) 3 - A d. 1 o 3 18 18 LY 3 i Y - . i '3 ’ |
: tn 0 n o
w W < < a S \»

MILEPOINT FROM MOUTH OF RIVER
- 116 =~




FIGURE 26

COMPUTED OXYGEN SAG CURVE 1975 -FLOW 3000 cfs- NO TREATMENT OF WASTES

STATION
b\ % Pt ga o APV en N0 ppA VY Tmol~
q5
Qo0
Q
N
X3
4
3
‘& A
% /1\
X AR
an\ / \ \\ﬁ.__.—-
¢ H / \
s /
, /
/
L
5 f L1
7 / N~ ’4,...//
/
/
\
79)
) 65| N I A
Q a 3 * = S "

MILEPOINT FROM MoUuTH OF RIVER
- 117 -




; FIGURE 27

COMPUTED OXYGEN SAG CURVE 1975 -FLOW 3000 cfs- PRIMARY TREATMENT

STATION
WS ® w3 P TORNLLETMYIIOC 0rn0 b TN~

too

95

9 0}—

85

PERCENT SATURATION
N
/f
»
\
I

]
-//

80

P
J

£

55\
50H

< g o
MILEPOINT FROM MOUTH OF RIVER
- 118 -

o
25 H




SATU RATION

PERCENT

FIGURE 28

COMPUTED OXYCEN SAG CURVE 1985 -FLOW 2470cfs- NO TREATMENT

R I & !‘Sgﬁzglvbtss:ec-coMoh*m";
a5 =T
a0

/]
/
/
AP
75 / N
\\ If
N-"‘\
- / \
i / \
I AND
I/
\/
\/
65 F/ \ //
N P
~~L1
[ 7 M — e o =ty — .-
Q 3 ¢ e '3 9 “

MILEPOINT FROM MOUTH OF RIVER
- 119 -




SATURATION

PERCENT

FIGURE 29

COMPUTED OXYGEN SAG CURVE 1985 -FLOW 2470 cfs- PRIMARY TREATMENT

STATION
R Y an Ns Q TOLVWTMNTIOTOrNO b Thw ~
100
5
90
/\\
85 / X
/ L
/ AN
‘ /
4
Wi

/ \g _ .-)/
75
7° ) —— ) ' i  E— R | X f — L L ) § ) | L L ) 1} h | 4 A | 3 L " o
o
Q b IQ- <« \,‘,‘, g '3

MILEPOINT FROM MOUTH OF RIVER
- 120 -




( i FIGURE 30

COMPUTED OXYGEN SAG CURVE 1985 -FLOW 2470 cfs- SECONDARY TREATMENT

STATION
" ¥ " &3 3 T2 T8 ®~w iy v my -
100
a5
/'\‘
/ \\
: /
e 7 1Y
K g0 k\
< — ~NN\
< / X /r
E / I
<
3 v
—_
~
S 8
Q
[\
W
Q
80
| 75]
(‘) 70 ) o ' " ; & ) — L ) L } P i i p | i L 1 t . L I 4 ; 8 ! - 1 Y ) 4 1
o
9 2 % ] 2 S Y

MILEPOINT FROM MOUTH OF RIVER
- 121 -

et m : N ciontees
i e i i

%



CHAPTER IX

CONCLUSIONS

The dissolved oxygen concentration in the
River and the pollutional loads causing these oxygen sag
eurves have been analysed and the following may be concluded.

l. The most obvious oxygen sag points occurred just
below St. Jean, Chambly and McMasterville. These three
regions are the most heavily populated and industrialized
areas between St. Jean and St, Charles.

2. The recovery of the oxygen sag curve below St. Jean
is completed at Chambly Basin. The oxygen sag curve at
McMagterville is only slightly recovered at St. Charles.

Se The observed dissolved oxygen concentrations at
the outlet of Chambly Basin were about one percent higher
than those calculated. The effect of the dam at Fort
Chambly affects the reaeration in the River to this extent.

3, The pollutional load imposed on the River at
present does not lower dissolved oxygen concentrations
below 75% saturation.

Se The ten and twenty year forecast pollutional load
with no treatment would cause dissolved oxygen concentra-

tions of not less than 70% and 60% respectively.
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6e If primary treatment of all waste discharges is

provided, the ten and twenty year forecast oxygen sag curve

would reach & minimum at 79% and 75% saturation respectively.

7e Secondary treatment of the forecasted twenty year
pollutional load would cause a minimum value in the oxygen
sag curve of 86% saturation.

8. The analysis of a few River water samples showed
a negative B.0.D. where the total B.0.D. was very small.
This condition was a result of measuring a B.0.D. wvalue
beyond the sensitivity of the analysing instruments.
Semples exhibiting & very small or negative B.0.D. could
not have been taken from a sag station and therefore did
not affect the calculation of the oxygen sag curve by the
Churchill method.

Y. The modified multi-linear correlation was success-
fully applied to the data fer the computation of Kl values
of wastes.

10. The date analysed for the D,0, distribution within
the e¢ross section of the River showed that samples taken
from the ship channel were representetive of the whole cross
section to ¥ 2% at the 95% confidence 1limit.

In this analysis the negative B.0.D. values were
included to evaluate all the variations affecting the
reliability of the sampling procedure. The programvwas

written to accommodate negative B.0O.D. values.
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11. The method of evaluating the on-shore pollutional
load was sufficiently accurate to obtain observed and
computed sag curve agreement to better than he 2% as
established at the 95% confidence limit.

12, For small variations in River flow, the oxygen
sag curve remains relatively unchanged. The general
relationship of 1% increase in D.0, saturation for egch
600 cfs increase in flow holds true for observed and
computed D.0, concentrations.

13. An average K, value for the River water of 0.20

1
produced a computed oxygen sag curve that agreed well with

- the observed oxygen sag curve.

14. The effectiveness in reaeration of the shallow
turbulent flow of the River between St. Jean and Chambly
is shown by the rapid recovery of the oxygen sag curve in
this region.

15. From D.0. and B.0.D. considerations the Richelieu
River can be classirfied, according to Phelps (15), as
Class A, or can serve as a source of public water supply

after filtration.
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APPENDIX A

RESULTS OF THE ANALYSIS OF RIVER WATER SAMPLES

THE TOP NUMBER AT ANY GRID POINT WITHIN THE CROSS
SECTION REFERS TO THE SAMPLE ANALYSED IMMEDIATELY
FOR D.O.. THE BOTTOM NUMBER AT THE SAME GRID

POINT REFERS TO THE SAMPLE ANALYSED FOR B.O.D.5 .

SCALE OF DRAWINGS HORIZONTAL 1" = 200!

VERTICAL " = 8

e
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W - 800 ft.

A - 7,100 sq.ft.

July 12 1965

SECTION 25

B.0.D,

o D.0., o D.O.g

NO. D.O.o T"C Corr No, D.O.5 T°C Corr
23 7.5 24.8 6.15 22 6.0 20.0 6.00
10 6.7 24.0 5.60 3 S.2 20.0 5.20
16 6.9 24.4 5.75 9 5.2 20,3 5.1%5

4 7.3 24.8 6.00 | 17 5.2 20.4 5.10
7 7.1 24,8 5.80 19 5.0 20.0 5.00
6 6.7 24.5 5.60 5 5.0 19.8 5.15

234 7.5 24,8 6.15

)

5.9 20.0 5.90
104 6.7 24.0 5.65 15 4.1 19.5 4.30
164 6.9 24.4 5.75 21 5.3 20.0 5,30
4A 7,3 24.8 6.00 20 4.9 l9.8 5,05
74 7.1 24.8 5.80 18 4.5 19.4 4,75
64 6,7 24.5 5.60 8 5.0 20,2 4.95
42 6.8 24.4 5.65 69 4.2 20.2 4.15
424 6.8 24.4 5.65 36 5.0 20.0 5,00

O

«15
«40
«60
«90
.80
«45
«25
1.35




SECTION 25

N - 800 ft.
A - 7,100 sq.ft.

August 12 1965

D.O. D.0.
No. D.O., T°C Corr |No. D.O.g5 T°C Gors B.0.D. g
106 5.0 23,5 4.25 | 49 4.2 22,6 3,70 55
74 5.0 23.5 4.25 |119 4.0 22,0 3.65 .60
28 4,9 23.4 4.20 | 94 4,3 21,6 3.95 .25
41 5.1 23.2 4.40 | 33 4.3 21.2 4.05 .35
87 4.7 23.5 4,00 | 89 4.1 21,0 3,90 .10
2 4.8 23.5 4,10 | 26 4.0 21,0 3,80 .30
35 4,9 23.5 4.20 | 24 3.9 20.5 3.80 .40
45 4.8  23.4 4.10 | 34 4.0 22,8 3,50 .60
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SECTION 24

T

W - 1’750 fto
A - 6,800 8sq.ft,

August 6 1965
—_— D.O,
¥o. D.0., T°C Gorr’ | NO, D.O °

D.0.5
°5 TC Corr BOO.D.S

.87 5.7 24.8 4,70 42 4,9 20,9 4.70 0
104 5,0 24.8 4.10 83 4.8 20,9 4,60 -+.50
46 404 25.0 3.60 110 4.1 22.5 3.65 -005

86 4.6 25.0 3,75 44 4.6 21.5 4,30 -+55

- 130 -




()

SECTION 23

W - 1,250 ft.

A - 7,800 8q.ft.

August 6 1965

o D0, o DO.s

NO. D.O.o TC Corxr xNoO, D.O.5 TC Corr IB.O.D.5
120 4.9 25.0 4.0 80 4.4 22,5 3,90 «10
70 3.8 24.9 3,1 80A 3.3 20,5 3.20 -+10
65 3.2  24.9 2,65 (136 2.5 20,5 2.45 | .20
30 4.2 24.8 8.45 84 3.9 20.5 3,80 -e35
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SECTION 22

August 6 1965

W - 882 ft.

o D.O. . o, DOy
NO. D,O., T C Corr |NO. D,0,5 T C Corr |B.0.D.g
61 5.2 24.6 4.30 [141 4.8 20,5 4.70 | -.40
85 5.1 24.7 4.20 48 4.6 21,1 4,35 | -.15
24 5,8 24,5 4.40 5 4.9 21,5 4.60 | -.20
107 5.2 24.6 4.30 81 4.8 21.5 4.50 | -.20

)

_13'2_
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SECTION 21

Fryers Island Dam

o6 |73 _lm _|s7_le6_ |75 _|76 _|88_[77_ |80 _|78_lo0 |15 |V _|i
85 (84 183 195 194 g2 181 193 1go [92 |79 lof 124 12 |4
W~ 1184 ft. A < 2,400 sq.ft.
July 12 1965 ) |
D.0, 4 DO,
No. D.0., T° Corr |NO. D.0,g T°C Corr |B.0.D.g
96 6.1 22,1 5,55 | 85 5.0 19.7 5.20 .35
73 6.0 21.5 5.60 | 8¢ 5.0 19.5 5.25 .35
. 74 5.9 21.5 5.50 | 83 5.1 19.8 5.25 .25
; 87 6.5  21.7 5.85 | 95 5.0  19.8 5.15 .70
' 86 6.1 21.8 5.60 | 94 5.0 ‘19,5 5.25 «35
75 6.1 21.9 5.60 [ 82 4.8 19.4 5.05 .55
.76 6.0 21.5 5.60 | 81 4.8 19.5 5.05 .55
88 6.0 21.0 5.70 | 93 4.6 19.5 4.85 .85
77 5.9 21.7 5.45 | 80 4.7 19.5 4.95 .50
89 6.0 21.6 5.55 | 92 4.7 20.0 4.70 .85
78 5.9 21.5 5.50 | 79 4.8 20,0 4.80 .70
90 5.8 21.4 5.40 | 91 4.4 19.7 4.60 80
13 5.9 21,4 5.50 | 2¢ 4.4 19.5 4.65 .és
1 5.8 21.8 5,30 | 12 4.7 20.2 4.65 .65
11 5.9 22.0 5.35 | 14 4.6  19.8 4,75 |° .60
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SECTION 21
|
ny 53 16 ! 82 60 139 9sA __|76
106 2 43 3] 38 66 26 19 34 —lv
Fryers Island Dam
32 gate openings, 30 ft. wide each
W-1,184 ft.
A -~ 2,400 8q.ft.
August 12 1965
D.0O. D,0,
. D.0., T°C Corr’ |NO. D.0.5 T°C Gorr  |B.0.D.g
117 6.0 23.6 5.10 (106 5.3 2l.2 5,00 «10
53 5.8 23.6 4.90 2 5.3 21,3 5,00 - .10
16 6.4 23.6 5,50 43 5.7 22.0 5,15 «35
i 5.3 23.7 4.50 31 5.9 22,0 5,35 - .85
82 6.5 23.6 B.50 38 6,0 22.0 5.45 +«05
60 6.0 24.2 5,00 66 5.9 22.5 5,30 -+30
139 6.3 24,5 65.25 26 5.8 22.8 5.10 «15
95A 6.3 24,5 ©5.25 14 6.0 22,9 5,25 «00
76 6.4 23.3 5.50 34 6.2 23.0 5.40 «10




e

W= 1,050 £t.

July 12 1965

g

A - 9,650 sq.ft.

SECTION 20
57 1 S 4
1 22 6q 30
57A nA 9A  4A
52 78 50 76

D.0. D.0.5

NO. D.0. T°C Corr |NO. D.0 . T°C Corr B.0.D.g
112 6.1 22.5 5.45 56 5.3 20.0 5,30 .15
. ) 55 6.2 23.6 5.25 65 4,9 20.0 4.90 «35
; 67 6.3 23.2 5,40 66 4.8 20.0 4,85 .55
; 57 6.3 23.3 5.40 51 5.5 . 20.6 5.15 .25
é \ 11 6.4  24.0 5.40 | 22 4,8  20.3 4.75 | .65
| 9 6.4 23.6 5.40 64 5.1 19.5 5.40 .00
"4 6.4 23.3 5.50 30 5,2 20.3 5.15 .35
1124 6.1 22.5 5.45 54 4.9 19.5 5,15 .30

554 6.2 23.6 5.25 68 4.4 19.5 4.65 .60
j 674 6.3 23.2 5.40 53 4.8 19,5 5.05 «35
| S7A 6.3 23,3 5.40 52 4.0 19.5  4.20 .20
114 6.4 24,0 5.40 78 4.8 19.8 4.95 «45
9A 6.4 23.6 5.40 50 4.6 19.5 4.85 «55

44 6.4  23.3 76 4.1  20.0 4.10 | 1.40

()

5.50
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SECTION 20
13 |74 29 95 |z |90 |42
57 [4 12 82 23 100 |15
W - 1,050 ft.
A - 9,650 sq.ft.
August 12 1965
D.O, D0,
No. D.o._ T Corr’| 0. D,0., 7% Corr> B.0.D.g
3 6.8 24,5 5.65 | 57 6.3  22.2 5.65 .00
74 6.5 24.5 5.40 4 5.8  22.5 5.20 .20
29 6.6 24.5 5.50 | 12 6.0  22.8 b5.25 .25
95 6.3 24,6 5.20 | 82 6.4 23,2 5,50 [=.30
92 6.3 24,9 5,15 | 23 5.8 25,4 4.95 30
90 6.5 24,6 5.35 [100 5,9 23,5 5.05 30
42 6.2 25.2 5,05 | 15 5.0 23.6 4.25 .80
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SECTION 19

W - 929 ft.

A - 11,408 sq.ft.

July 21 1965
D.0. D,0.5
NO. D.0., T°C GCorr |[NO, D,0,5 T°C Corr | B.0.D.g
21 5.0 23,0 4.35 72 4,3 20.0 4,30 .05
96A 4.8 22,5 4.30 10 4.3 20.3 4.25 .05
46 4.6 22.6 4.10 47 4.4 19.8 4,50 - .40
45 4.9 23.2 4.25 40 4.5 20,2 4.55 | - .20
41 S.2 23.2 4.50 44 4.4 20.1 4.40 .10
42 4.8 22.9 4.20 43 4.3 19.8 4.45 | - .25
73 5.0 22.6 4.40 83A 4.2 19,5 4.45 - .05
734 5.0 22.7 4.40 80 4.4 19.9 4.25 .15
86A 4.5 22.7 4.00 38 4.0 19.8 4.15 - .15
39 5.0 22.5 4.45 46A 4.4 20.5 4.65 | - .20
36 4.6 22.5 4,10 88A 4,4 20.2 4,35 |~ .25
76 5.4 23,0 4.70 82A 4.4 20.2 4.35 .35
37 5.6 22.8 4.90 48 4,2 20.0 4,20 .70
92 5.1 22.6 4.50 82 4.6 20.7 4.45 .05
84 5.0 22,3 4,50 29 4.4 19.9 4.40 "+10
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SRECTION 19

/

August 12 1965

W - 929 ft.

A - 11,408 sq.ft.

D.0., D.0.5

N0o. D.O., T°C Corr | NO. D.O.g T°¢ Corr | B.0.D.g
86 6.0 25.3 4,90 [110 5.2 20.0 5.20 -+30

114 6.0 25.5 4.85 | 52 4.7 20.5 4.60 .25
67 6.0 25.5 4.85 7 4.6 20,9 4.40 «45
i2 6.0 25.5 4.85 | 56 5.2 21.5 4.85 .00
83 6.0 25,5 4.85 | 44 5.5 21.6 5.10 -.25
17 6.4 25,5 5.20 | 73 5.2 21.9 4.80 «40
72 6.2 25.5 5.00 | 10 5.0 22.2 4,50 «50
S51 6.3 25,2 5.10 | 36 5.8 22.4 5.15 - .05
76 5.6 25.2 4,55 | 91 5.7 22.6 5.05 30
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SECTION 18

A - 10’364 Bq.ft.

July 26 1965

D0, D.O.
No. D.0., T°C Corz’| NO. D.,0., T°C Corz® B.0.D.g
137 6.0  24.6 4.95 | 61 3.4  20.5 3.30 | 1.65
102 5.7  23.9 4.85 (141 3.9  20.0 3.90 .95
125 5.8 24,0 4.85 (136 4.0  20.1 4.00 .85
117 5.6  24.1 4,70 {114 3.8  19.9 3.95 .75
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SECTION 17

W - 693 ft.
A - 11’136 Bq.ft.

August 6 1965

D.o. D.O.

To. D0, T°6 Corz® |No, D,0.. 7°% Corr® |B.0.D.g
87 4.8  25.2 3.90 |115 4.3  20.5 4.20 | =.30
93 5.6 25,1 4.55 | 34 5.8  20.9 5,00 | -.45
44 5.4 25,2 4.40 | 82 4.8 21,0 4.55 | -.15
40 5.6 25,0 4.50 | 38 4.7  21.0 4.45 .05
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SECTION 16

July 26 1965

; A - 9,940 sq.ft.

D,0. D.0,

NO. D.0., T°C Gorr’ [NO. D.O.5 T°C Corz’ B.0.D.g
127 5.6  23.8 4,75 [116 4.0 19,7 4,15 .60

133 5.6  24.0 4,70 | 97 3,6  20.0 3,60 | 1.20
62 5.2 24,2 4,35 |100 4,0  20.2 3,95 .40

108 5.4  24.9 4.40 |142 3.9 19,6 4,15 .28

()
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SECTION 15

A - 10,632 sq.ft.

August 6 1965

D.0., D.O.5

No. D.0., T°C Corr | N0, D.0.; T°C Corr [B.0.D.g
142 4.8  25.3 5,90 (107 3.8 20,0 3.8 0.10
30 5.5  25.5 4.45 | 27 4.4 20,0 4.4 0.05

134 5.3 25,5 4.30 (114 4.3 20,0 4.3 0.00
B2 5.6 25,5 4.50 | 33 4.4 20.0 4.4 | 0.10
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July 26 1965

SECTION 14

A - 8,632 sq.ft.

D.0. D.0.
¥o. D.0., T° OCorr’ |NO. D.0.5 T°C Gorr® [B.0.D.g
72 4.8  24.5 4,00 [107 3,6  19.7 3.75 .25
135 5,4  24.2 4,50 | 101 4,0 20,0 4.00 .50
85 5.7  24.9 4.65 |106 2.4 19,5 2,55 | 2,10
139 4.8  23.2 4.15 |134 4.0 19,6 4.15 .00
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SECTION 13
35
40 _ 143 —422
<:-\\-~::;_ ﬁB 2
9

W~ 977 ft.
A - 5,560 s8q.ft.

August 6 1965

D,0, D,0.
NO. D.O.° 7°¢ Corr” No. D.O. °¢ Corr B.O.D.5
40 6.8 26,0 5,35 22 5.7 20,0 5,70 -e35
43 6.2 25.8 5.00 76 5.0 20.1 65.00 .00
35 5.7 25.7 4.55 2 4.7 20.1 4.70 -.18
91 6.1 25.6 4.90 53 4.5 20,2 4,45 «45
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W - 802 ft.

A - 7,108 sq.ft.

July 21 1965

122

SECTION 12
I8 33 | 26 36
[131 6 I35 25

N
)

D.0., D.0,.5
NO. D.0., T°C Corr |NO. D.O.g T°C Corr |B.O.D.g
61 5.1 24.2 4.25 59 3.7 21.5 3.45 .80
60 5.1 24.4 4.25 98 4.0 20.8 3.85 «40
88 5.0 24.4 4,15 |181 4.0 21,0 3.80 .35
33 4.9 24,3 4.10 28 4.0 21.1 3.80 «30
26 4.6 24.4 3.85 35 5.9 21.5 3.65 .20
36 4.9 24.8 4.05 25 3.6 20.9 3.45 .60
49 5,2 24,6 4.30 |120 4.2 21.0 4.00 +30
122 5.0 25.0 4.05 |130 4,1 20.7 S.80 .25
32 5.1 24.4 4.25 29 4.2 21.0 4,00 .25
27 5,0 24.6 4.15 34 4.2 21.0 4.00 .15
70 4.8 24.2 4.00 | 118 4,5 21.2 4.20 | = .20
58 4.6 24.5 3,85 (109 3.9 21,0 3,70 .15
30 5.0 24.7 4.15 31 4.3 21.1 4,10 0.05
103 5.4 24.6 4.45 | 124 3.8 21,4 3.55 .90
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SECTION 12

W~ 802 £t
A - 7,108 sq.ft.

July 26 1965

5

_ig_

9

7il

D.0,, ° D.O.5
NO. D.O.° TOC Corr No, D.O.5 T%C Corr B.0.D.
111 4.9 ° 25.0 4,00 84 4.3 20.1 4.30 - 30
9% 5.3 24,2 4.45 99 3.9 20,1 3.90 «55
81 4.6 24,9 3.80 71 4.0 20.4 3.90 - <10
95A 5,3 24,7 4.40 31 4.0 20.0 4,00 +40

@
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SECTION 12

W - 802 ft.

|45 35 |32 _|33
|48 109 68 12 xY
26

A - 7,108 sg.ft.

August 4 1965

D,0, D.0,

No. 0,0, T°C Coxr’| Mo, D.0.. T Cors® B.0.D.
45 4.8 22.6 4.25 | 48 4.4  21.9 4.00 | .25
35 4.5 22.8 3.95 (109 4,0  21.2 3,75 | .20
34 5.1 22.5 4,55 | 68 3,8 23,6 3.20 | 2.35
35 4.6 22,5 4,10 | 12 3,7  20.0 3.70 | .40
41 5.3 23,0 4.60 |75 3,6  20.9 3.65 | ,95
26 5.1 22.9 4.45 | 77 4,2  20.7 3.85 | .60
94 5.4 22.5 4.85 | 5 4,0 22,1 B3.60 | 1.25
28 5.1 22.5 4.55 | 20 3,8 21.6 3.50 | 1,05
87 4.8 22.5 4.30 | 93 3.9  21.6 B3.60 | .70
2 4.6 23,0 4.00 (102 3,6  20.5 3.55 | .45
89 5.1 23.0 4.45 | B9A 3,6  20.5 3,55 .90
24 4.8 23.0 4.15 | 90 4.4 20,5 4.30 | -.15
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W - 802 ft.

A - 7,108 sq.ft.

August 12 1965

SECTION 12

D.0, D.0,

NO. D.0._ TOC Corr® |[No. D.0., TOC Corr®|B.0.D.
41 5.3  25.6 4.25 | 14 5.0  20.5 4.90 |-.65
13 5.6 25.8 4.50 | 66 21.0 4.50 | .00
22 5.3  25.2 4,30 |113 4.4  21.5 4.10 | .20

107 6.0 25,3 4,90 |136 2.6  21.5 2.45 |2,45
Bl 5.6 26.2 4.45 | 84 2.7 21,8 2.50 |1.95
11 5.5 26.4 4.35 | 69 4.8 22,0 4.35 | .00

5 5.6 26.3 4.45 | 27 5.0 22,5 4.45 | .00

114 5.5  26.2 4.35 |141 4.9 22,6 4.35 | .00
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SECTION 11

August 6 1965

N - 736 ft.

A - 10’800 Bq-ft-

D.0, D0,

No. D,0,, T°C Corr® |NO, D,0.5 T°0 OCorr® B.0.D.g
95 5.1  25.5 4,10 |14 3.6  20.1 3.45 | .65

111 5.0  25.6 4,00 |95A 3,7  20.3 3.65 | .35
3 5.1  25.5 4,10 (31 4.2  20.5 4,10 | .00
50 4.8  25.7 3.85 | 1 3.8  20.5 3,70 | .15

)
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July 26 1965

SECTION 10

W -

789 ft.
A - 10,580 ft.

D.O. D.0.g

No. D,0,, T°C Corr (NO. D,0.5 T°C Corr |B.0.D.g

82 5.5 25.0 4,45 |55 3.8 20.1 3.80 «65
14 4.8 24,9 3,95 | 7 3.8 20.1 3.80 .15
1 5,2 24,6 4.30 '15 3.9 20,0 3,90 «40

43 4,9 24.6 4.05 |29 4.0 20.1 4.00 .05
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SECTION 9

W - 793 ft.
A - 10,032 Sq.ft-

August 6 1965
[ D'o'o
NO. D.O.° TC Corr NO, D,0, T C Corr

D.0.g

B.0.D

.88 4,4 ~ 25,6 3,55 106 3.8 20.8 3,65
36 5.2 25,5 4,20 117 3.8 20.2 3.75
58 4,6 25,5 3,70 26 3.7 21.5 3.60

122 5.0 25.5 4,05 66 4,0 20.6 3,90
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L SECTION 8

W - 848 ft.
A - 10,600 8q.ft.

July 26 1965

o Doooo o Dooos
NO. D.O.° T C Corr NO. D.O.5 T C Corr B.O.D.5

44 4.9 24.9 4.00 85 3.8 20.2  3.80 «20
93 5.2 24,5 4.35 12 3.8 19.8 3.90 45

] 5.3 24.9 4,35 24 3.9 20,1 3.90 45

40 5.2 25.0 4.25 83 4.0 20.1 4.00 «25

)




)

SEGTION 7

125 18 —16
D 60 4
8l
16
A - 11,524 sq.ft.
August 6 1965
D.0., D.0.g
No. D.0. 7°¢ Corr |NO. D.0. 7°¢  Corr |B.0.D,
125 5.4 24.5 4.50 |139 5,0 21,0 4,75 | =.25
18 5.3 24.4 4.40 60 4.6 21,5 4.30 .10
6 5.3 24.5 4,40 43 5,0 22.0 4,55 | -.15
81 5,3 24,5 4.40 16 4.4 21.0 4.20 .20
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July 26 1968

S8ECTION 6

W= 956 Tt.

A - 11,616 s8q.ft.

D.0. D.0.

No. D.0.  T° Gorz® [NO, D,0., T°C Corr® |B.0.D.
38 6.0  25.0 4.90 |48 3.5  20.0 B5.50 | 1.40
88A 5.4  24.9 4,45 |44 4.0  20.1 4.00 .95
74 5.2 24.6 4.30 (72 4.0  20.0 4.00 .30
84A 6.1  24.6 5.05 |86A 3.9  20.0 3.90 | 1.15
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SECTION S

W - 873 Tt.

A - 10,968 sq.ft.

August 6 1965

D.0. D,0,

NO. D.,0, T Corr’| No. D.0.; T°C Corr’ |B.0.Dug

104 6.4  25.5 5.15 | 78 4.9  20.9 4.65 | .50

126 6.3 25.5 65.10 |137 4.7 20,5 4.60 «50
72 6.3  25.6 5.05 | 64 5.3  20.5 5.15 | -.10
85 6.6  25.5 5,30 |102 5.1  20.8 4.90 | .40
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SECTION 4

July 26 1965

A - 10,284 sq.ft.

D,O, D,0,
NO. D,0,, T°C Corr® |[NO. D.0.g TOC Corz® |B.0.D.g
3 5.1  24.7 4.20 |27 3.8  20.3 3.75 .45
87 5.3  24.8 4.35 |23 3.7  20.0 B3.70 .65
83A 5.7 24,7 4,70 |39 4.0  20.4 3.90 .80
38 5.8 24.6 4.80 |32 4.1  20.2 4.05 .75
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'SECTION 3

W - 814 ft.
A - 8,760 84.T%.

August 6 1965
o. D.o, o. DO
No. D,0, T°C Corr®| N0, D,0._ T Corr” |B.O.D..

117 6.5 25.6 5.20 [135 4.4 20,2 4,35 «85
13 6.5 25.5 5.25 94 4.6 20,2 4.58 «80
25 6.3 26.6 5,05 |138 4.3 20,5 4.20 -85

103 6.4 25.8 65.15 64 4.7 20,6 4.55 «60
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W - 794 ft.
A - 9,580 sq.ft.

July 26 1965

SECTION 2

D,0, D.o,
N¢. D.O., TOC Corr | NO, D,0,, T°C Corr B.0.D.g
34 5.8 25.0 4,70 | 80 3.9 19,6 4,05 .85
31 5.9 24,9 4.85 | 46A 4.0 19.7 4315 «60
35 6.3 24.8 5.15 | 29 4.0 20.5 3.90 1.25
40 6.4 24.8 5.25 [120 4.0 19,9 4.0 1.15
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O

SECTION 1

, W - 967 ft. A - 9,480 sq.ft.
July 21 1965
o. D.O.g o. D.0.5

NoO, D.O.o T C Corr NO, D.0.5 T°C Corr B.O.D.5
144 4.9 24.6 4.05 98 3.1 21.0 2,95 1.10
105 5.0 24,9 4.10 | 71 3.9 21.3 3.70 0.40

91 5.1 24.6 4.20 | 78 4,2 21.0 4.00 0.20
113 4.9 24,8 4.00 66 4.0 20.9 3,85 0.15

85 5.3 24.9 4.35 | 117 4.1 21.2 3.85 | 0.50
104 5.0 24,6 4.15 | 129 3.8 20.8 3.65 0.50
128 5,2 24.9 4.25 | 143 3,9 21.9 3.55 0.70
126 5.3 25,2 4.30 | 111 4.0 21.7 3.70 0.60

74 5.1 24,9 4,15 | 112 4.2 22.0 3.80 0.35
100 5.2 25.0 4.20 | 101 4.0 21.6 3.75 0.45
140 5.0 24.8 4.10 | 132 4,1 21.3 3.85 0.25
121 5,3 25.2 4.30 | 123 4,0 21.7 3,70 0.60
106 5.0 24.6 4-.10 63 4.0 22.0 3.65 0.45
115 5.0 24,9 4.10 | 50 4.0 21.7 S.70 0.40
119 5.2 24.8 4.25 97 3.9 21.0 3.70 0.55

96 5.2 24,6 4.30 | 90 3.9 21.5 3.70 0.60
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()

SECTION

A - 9,480 sq.ft.

Augn st 4 1965
D,0,, D,0.5

1

¥o. D,0., T°C Corr |NO. D,0.; T°¢ Corr B.0.D.g

.67 5.5 23,0 4,75 88 4.1 21.0 3.90
103 4.9 23.0 4,25 4 3.5 21,0 3.35
49 4.3 23,2 3,70 9 3.7 2l.5 3,35
76 5.2 23,0 4,50 54 3.5 21.5 3.30
53 5.0 23.6 4,20 55 3.7 20.0 3,70
22 4.9 23.5 4.20 93 3.8 22,0 3445

S 4.8 23.2 4,15 18 3.7 21.5 3.30
30 5.1 23.1 4.45 11 4.2 20,5 4,05
107 5.8 23,0 5;40 58 3.8 21,5 3.55

65 4,6 23,0 4,00 4 3.7 20.5 3.60
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(:@ _SECTION 1

W - 961 ft.
A - 9,480 sq.ft.

"August 12 1965 ]
- D,0., D.0.g 4

¢ NO. D,0,, TOC Corr |NO, D.,O,; T9 Gorr |B.0.D.g i
135 5.4 26.5 4.25 | 64 4.7 20.8 4.50 |~ .25
97 5.5  26.5 4.30 |109 4.5 21,1 4.30 .00 ;
94 5.2 26.6 4.10 (102 4.4 21.5 4.10 .00 %
1 6.7 26.6 5.25 [102A 4.9 21.8 4,50 .75
86 5.3 26.5 4.15 | 39 3.8 22.0 3.45 .70
73 5.2 26.5 4.10 |101 4.2 22.2 3.80 «30 }
89 5.4 26.8 4.25 | 80 4.8 22.4 4.25 .00 j
84 5.1 26.5 4.00 | 96A 4.4 22.6 3.90 .10 }
21 5.0 26.7 3.95 | 79 4.7 22.8 4.15 .20 |
; 59 5.5 26.5 4.30 | 15 4,5 23.0 3,90 .40 é
O
i .
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APPENDIX B

RESULTS OF THE ANALYSIS OF RIVER WATER AND
SEWAGE SAMPLES FOR THE COMPUTATION OF B.O.D.

ULTIMATE AND K1 VALUES
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(uf ST JEAN
DATA FOR THE COMPUTATION OF SEWAGE K VALUE
g* JACKWOOD COLLECTOR

July 6 1965 Dilution Rate 0.87%

1st Comp Sample 2nd Comp Sample

D.0. D.0, Avg, D
Day D,0, T°C Gorr D.O, T°C Corr D,O, _ii " B.0.D.

[+
0 5.60 22,0 5.10 5,60 22,0 5,10 5,10 0
1 3.50 20,8 3.21 3,38 21.5 3,15 3.18 0.622 220
2 3,00 20,5 2.94 2,90 20,7 2.82 2.88 0.565 255
3 2.25 20.8 2.16 2.50 20,6 2,43 2,29 0.448 324
4 2,00 21.2 1.88 2,10 20.6 2,04 1.96 0.383 362
5 1.75 20,3 1.65 1.80 20.5 1,76 1,70 0.335 391
6 1.40 21.5 1.31 1.50 21,5 1,40 1.35 0.265 420
7 1,15 21.1 1.09 1.20 21.0 1.14 1.12 0.220 456
8 1,05 21.4 ,98 1,10 21.3 1.04 1.01 0.197 470
9 1.00 21.0 .95 1,00 21.1 .95 .95 0,187 478
10 1.00 21.0 .95 .95 21.2 .90 .92 0,182 481

O
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DATA FOR THE COMPUTATION OF SEWAGE K VALUE

30" CHAMPLAIN COLLECTOR

July 6 1965

1st Comp Sample

D.0.

Day D,0, T°C Corr

o O N o 0 » O » +H# O

[
o

5,75
3.05
2,40
1,90
1.50
1.35
1.15
1.05

.80

«7C

«57

22,4
20.8
20,5
20,8
20.5
20.2
21.7
20.5
20.8
20.4

20.2

5.14
2.93
2.35
1.85
1.47
1.33
1.06
1.03

77

«67

.56

2nd Comp Sample

D.0. TOC

5.75 22.4
2.95 20.6
2.45 20,5
1,75 20.9
1.40 20,5
1.25 20.2
1.10 20.4
«90 20.1
+80 20,8
«60 20,7
«58 20.4

Corr

5.14
2.86
2.40
1.68
1.37
1.26
1.08
«90
77
«58
«S7
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ST JEANW

Dilution Rate 1%

Avg.
D.O.

5.14

2.89

2,37

1.76
l.42
1.30
1.07
«96
77
.62
«56

t

0,562
0.460
0.342
0,277
0,252
0.207
0.186
0.150
0.122
0.109

B.0.D.

225
277
338
372
384
407
418
437
452
4958




DATA FOR THE COMPUTATION OF SEWAGE K VALUE

Beptember 25 1965

54"

COLLECTOR

18t Comp Sample 2nd Comp Sample

D.O,

Day D.0, T°C Corr

4.40
3.95
3,40
3.10
2,70
2.00
1.80
1.60

1.30

O O N oo 0o » &’ D = O

1.056

™)
o

1.00

20,0
20,5
20.8
20.8
20,7
20,5
20,5
20,5
20.7
20,6
20,5

4.40
3.86
3.26
3.98
2.62
1.96
1.76
1.57
1.26

l.02

.98

D,0,

4,40
3.90
3.40
3,05
2.65
2.50
1.90
1.50
1.40
1.10

1l.00

To¢

20.0
21.0
20.7
20.7
20.8
20.6
20.4
20.3
20.7
20,7

20,4

D’o [}
Corr

4.40
3.72
3.30
2.96
2,55
2.41
1.86
1.48
1.36
1.07

.98
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" IBERVILLE

Dilution Rate 2%

Avg.
D.,O0,

4,40
3.79
3.28
2,97
2.58
2.18
l.81
l.52
1.31
1.04

<98

By

o

«862
747
«676
«587
«496
«413
345
«298
«237

223

B.0.D.

30
56
71
91
111
129
144
154
lé8
171
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—

IBERVILLE

DATA FOR THE COMPUTATION OF SEWAGE K VALUE

30" COLLECTOR

September 25 1965

1st Comp Sample 2nd Comp Sample
D,0. D,0,
Day D,0, T°C GCorr D.O. T°C Corr

0 4,50 20,7 4.37 4.50 20,7 4.36
1 3.60 20,7 3.50 3,70 21.0 3.52
2 320 20,2 3,17 3.25 20.3 3.22
3 2.85 20.3 2,82 2,90 20.0 2,90
4 2.50 20.3 2.48 2,75 20.6 2.67
] 2.30 20,4 2,25 2.50 20,9 2.40
6 2.20 20,4 2,16 2.40 20.5 2.35
7 2.00 20,2 1.98 1.80 19,5 1.90
8 1.65 20,1 1,65 1.70 20,2 1.867
9 1,40 20,2 1.38 1.45 20,2 1.43
10 1.25 20.5 1.22 1l.25 20.4 1l.22

@,
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Dilution Rate 2%

Avg. D '

D.O. t B.0.D.
DO

4,36

.51 .805 42
3.20 .735 58
2.86 .656 75
2.57 .590 89
2,32 .531 102
2.26 .518 105
1.94 .445 121
1.66 .381 135
1.40 .321 148
1.22 .280 157




(») IBERVILLE
DATA FOR THE COMPUTATION OF SEWAGE K VALUE
18" COLLECTOR

September 25 1965 Dilution Rate 1.5%

lst Comp Sample 2nd Comp Sample

o D.O. o D.0O., Avg. Dy
Day D.0, T C Coxrr D.0O., T C Corr D.O, B.0.D,

N

(o} 4,45 20,7 4,32 4,45 20,7 4.32 4,32

1 3,70 21.2 3.50 3,60 21,0 3.42 3,46 .801 57.2
2 3.20 21.0 3,05 3.25 20,7 3J3.15 3.10 720 81,5
3 2,90 20,8 2,79 2,80 20,2 2,77 2,78 .,643 102.5
4 2.40 20,3 2,38 2.55 20.6 2,48 2,43 ,563 126.0
5 2.30 20,5 2,285 2.25 20.9 2,20 2,22 .510 140.0
6 2,00 20,8 1,92 1,90 20,6 1.85 1,88 .430 163.0
7 1,70 20,8 1,64 1,60 20,5 1.57 1.60 .371 181.0
8 1.30 20,8 1.25 1.40 20,8 1,34 1,30 ,298 201,0
9 1.00 20,5 .98 1.10 20,7 1.06 1,02 .236 220.0
10 «85 20,5 .84 .85 20,6 .82 .83 .192 232.0

O
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()

DATA FOR THE COMPUTATION OF SEWAGE K VALUE

November 12 1965

1st Comp Sample

D.O,

Day D.O, T°C Corr

5.05
5.5%5
535
3.90
4.20
2.70
3.05
3.25
3.00

w0 0O N o u P W N +H O

3. 00

-
©

2.90

12.2
22,0
22.0
20.5
20.5
20.2
20.8
20.8
20.9
20.9

20,3

8.70
5.05
4.85
3.88
4.10
2,68
2.92
3.12
2.88
2.88

2,77

g

30" COLLECTOR

D.0O.

2nd Comp Sample

7°0  Corr

12.2 8.70
20,5 5.10
2l.8 4.40
20,8 4,18
20,5 3.73
20,9 3.85
20,9 2.58
21,2 3.80
20,3 2.57
20.0 2.30
20.6 2.33
- 168 -

Dilution Rate 1%

A"g.

8.70
5.07
4,62
4.00
3.91
3.26
2.75
3,46
2.72
2,59

2,55

FORT CHAMBLY

t B.,0.D.

1.00
.582
«532
«460
+450
« 375
«316
398
«313
«298
»293

363
408
470
479
544
595
524
598
611
615




() CHAMBLY

DATA FOR THE COMPUTATION OF SEWAGE K VALUE

TWIN 24" COLLECTOR

October 25 1965 Dilution Rate 1.5%

18t Comp Sample 2nd Comp Sample
D.O. D,0, A'Vgo D
Day D.0. T°¢ GCorr D.0. T°C Corr D.O. t B.,0.D.

[}

0 555 15,1 7.20 5.5% 15.1 7.20 7.20

1 4.65 19,5 4.90 4.60 19.0 5,00 4.95 0.688 150
2 4440 19,0 4.80 4.20 19.5 4,42 4,61 0,644 172
3 4,10 19.5 4.30 4,10 19,7 4.26 4.28 0,595 195
4 3490 19,3 4.20 3.50 19,1 3.80 4,00 0,555 213
S 3470 19.0 4,02 3.45 19,0 3,75 3.88 0.540 221
-] 3.40 19,6 3.54 2.80 19,0 3.05 3,30 0.458 260
4 S¢40 20,0 3,40 3,45 20,1 3.45 3.42 0.475 251
8 3.10 19,6 3.22 3.05 19,4 3.22 3.22 0,448 266
9 2.05 19,5 2.16 2.35 19,6 2.45 2,30 0,320 327
10 2.60 20,2 2,58 2.60 21.0 2.48 2.53 0.350 312
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RICHELIEUD
DATA POR THE COMPUTATION OF SEWAGE K VALUE

36" COLLECTOR

Octobexr 26 1965 Dilution Rate 1%

18t Comp Sample 2nd Comp Sample

D.O, D.0. Avg, D
Day D.0. T°C GCorr D,0, T°C Corr D.0, __° B.0.D.
5.
0 5.40 15,0 6.75 5.40 15.0 6.75 6,75
1  4.70 19,6 4.90 4,60 19.8 4.75 4.82 .715 193
2 4,40 20,0 4.40 4.40 20.3 4.35 4,37 .650 238
S  4.15 20,1 4.15 4,10 20.2 4.05 4,10 .608 265
4 3,80 19.2 4.09 3.80 19.6 3.96 4,02 .593 273
5 5.50 19,3 3.88 3.55 19.4 3.74 3,8l .565 294
6 3.45 19.8 3.55 3.50 20.0 3.50 3.52 .522 323
7  3.40 21,5 3.18 3.35 20,6 3.25 3.21 .475 354
8 2.45 19.2 2.64 2.80 20.1 2.80 2.72 .403 403
9 3.00 20.0 3,00 2.80 19.8 2,88 2,94 .438 381
10 2.90 20.1 2.90 2.80 20.0 2,90 2.90 .430 385
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N

4.70
4.70
4.45
4.25
4.30
4.30
4,20

 4.10

4,10

0 0O N o u s G D +H O

3.90

=
o

2.20

15.8
20.6
19.2
20.5
20.2
20,6
20,5
20.6
20,5
20.4
20,3

ST BASILE COLLECTOR

October 19 1965

D.0.

Day D.O. 7°c Corr

6.15
4.65
4.78
4.16
4.25
4.18
4.10
3.96
4.00
3.82
2.18

4.70
4.75
4.50
4,35
4.25
4.20
4.20
4.00
4.05
4.20

4,10

D.0. T°C

15.8
20.6
19.1
20.6
230.3

20,3

20,3
20,5
20.4
20.6
20.6

13t Comp Sample 2nd Comp Sample

Corrx

6.15
4.40
4.90
4.20
4,20
4.15
4.15
3.92
3.97
4.17

3.98
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DATA FOR THE COMPUTATION OF SEWAGE K VALUB

ST BRUNO

Dilution Rate 2%

Avg.
D,0.

6.15
4.52
4.84
4.18
4.22
4.16
4.12
3.94
3.98
3.99

3.08

D

ES
0.735
0,790
0.680
0.685
0.678
0.670
0.640
0,648
0.650

0.500

B.0.D.

81.5
65.5
98.5
96.5
99.5

101.5

110.5

103,5

153.5

g b, -f.;a‘_;i:.':fi._ézi;l




DATA FOR COMPUTATION OF SEWAGE K VALUE

October 19 1965

Day

0 0O N o U » &N D + O

(")
o

1st
D.0,

4.40
4,35

4.20

4,10

3.80
3.90
3.00
3.40
2.10
1.40
1.90

c.I.L.

Comp Sample

7%

16.5
20,2
20,3
20,6
19.9
20,9
19.6
20.0
20.2
20.0
20.5

D.O.
Corr

5.50
4.30
4;15
3,98
3.92
3.75
3.12
3.40
2.00
1.40
1.86

FIRST DISCHARGE POINT

2nd Comp Sample

D.O,

4.40
4,45
4.25
3.70
4.00
4.00
3.40
3.55
1.40
2.80
1.50

D.O.
7°¢ Gorr

16.5 5,50
20.0 4,45
20,4 4.20
20,0 3.70
20,1 4.00
20,6 3.88
19,7 3,55
20.2 3,51
20,0 1,40
20,0 2,80
20.5 1.47
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Dilution Rate . :2%

Avg.
D.0,

5.50
4,37
4,17
5.84
3.96
3.81
3,34
3.45
1.70
2.10
1.66

MgMASTERVILLE

<t

«795
«760
«700
720
«692
«607
.629
309
382
«302

B,0,D.

5650
6650
8300
77,00
8450
10800
10250
19000
17000
19200




o

McMASTERVILLE
DATA FOR THE COMPUTATION OF SEWAGE K VALUE
C.I.L. SECOND DISCHARGE POINT
October 19 1965 Dilution Rate ... 2%

13t Comp Sample 2nd Comp Sample
Dﬁo. DOOQ Avg.

Day D,0. T°C Oorr D.0. T°C Corr D,O, _21 B.0.D.
n0
0 4.55 16.5 5.68 4.55 16.3 5.68 5,68
1  4.40 20,1 4.40 4.30 19.6 4.48 4.44 .782 6200
2 4.20 20,2 4.15 4.20 20.1 4.20 4,17 .735 7550
3 4.20 20,3 4.15 4.25 20.4 4.15 4.15 .732 7650
4 4.20 20.0 4,20 3.10 20.0 3.10 3.65 .642 10150
5 4.10 20,6 3.97 3.75 20.4 3.68 3.87 .682 9050
6 3.40 19,9 3,50 3,90 20,3 3.85 3,67 .647 100850
7  3.80 20,6 3.68 3,70 20.8 3,65 3.66 .645 10100
8 3.35 20.2 3,31 1.00 20.0 1,00 2.15 .379 17650
9 1.80 20,3 3.76 1.40 20.1 1,40 2,58 ,453 15500
10 1.40 20,2 1.38 1.00 20.5 .98 1.18 ,208 22000
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DATA FOR THE COMPUTATION OF SEWAGE K VALUE

C.I.L.

October 19 1965

Day

o ® N oo a » W v»¥ +# O

[
[

McMASTERVILLE

THIRD DISCHARGE POINT

lst Comp Sample 2nd Comp Sample

D.0.

D,0. T°C Corr

4,55
4.50
4.30
4,25
4.00
4.00
3.70
3.80
3.85
3.75

3.60

16.2
20.6
20.4
20,5
20.4
20,9
20.5
20.8
20.7
20.3

20.7

5.68
4.36
4.20
4.16
3.91
3.84
3.62
3.66
3.75
3.70

3.50

p.0. T -

4,55
4,60
4.35
4.25
4,20
4.20
4.00
3.90

16.2
20.8
20.4
20.4
20,5
20,9
20.6
20.8
20.6
20.4

20,7

D.O.
Corr

5.68
4.42
4.26
4.17
4.10
4.05
3.88
3.75
3.75
3.77
3.68
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Dilution Rate

Avg,
D.O.

5.68
4.39
4,23
4.16
4.00
3.94
3.75
3.70
$.75
3.73

3.59

e 2%

D
t B,0.D.

Do

773
745
735
7056
.695
660
.651
«660
.656
632

6450
7250
76,00
8400
87,00
9650
9900
9650
9750

10450




McMASTERVILLE

DATA FOR COMPUTATION OF SEWAGE K VALUE

C.I.L. FOURTH DISCHARGE POINT

October 19 1965 Dilution Rate . 2%

1st Comp Bample‘znd Comp Sample ‘
D.O. D.o. A‘Vg- n

‘Day D.0. T°C Gorr D.0O, T°G Corr D.O. '52 B.0.D.
0 4.40 16.7 5.50 4.40 16.7 5.50 5.50
1 4,40 20,2 4.35 4.20 20.2 4.15 4.25 .772 6350
2 4.20 20,2 4.15 4.30 20,8 4.12 4.13 .750 6850
3 4,15 20,3 4,10 4.20 20.4 4,10 4.10 .745 7000
4  4.20 20,5 4.10 4.10 20,6 .3.98 . 3.94 .715 7800
5 4,20 20,4 4.10 4.10 20.3 4.05 4.07 .740 7150
6§ 4,10 20,6 3.98 4.10 20,6 3.98 3.98 .725 7600
?  4.05 20.4 3.95 4.10 21.0 3,90 3.92 .712 7900 |
8 4.10 20,5 4,00 4.05 20.9 3.88 3.94 .715 7800
9 4,10 20.7 3.98 3,70 20.6 3.60 3.79 .690 8550
10 3.35 20.4 3.28 3.80 20.8 3.65 2.96 .540 127,00

- 175 =




DATA FOR TEE COMPUTATION OF SEWAGE K VALUE

November 3 1965 .

54"

COLLECTOR

1st Comp Sample 2nd Comp Sample

D‘O.

Day Dooo Toc corr

3.70
4,35
4,30
4.15
4,00
3.20
3.65
3.40

3.20

© O N o OO0 ¢ W M + O

3.15

[=]
o

3,00

12.2
20,8
21.0
21.0
20,9
20.6
20.1
2l.0
21l.0
2l.8

20,7

6.28
4.20
4.10
3.95
3.85
3.10
3.65
3.27
3.05
2,90

2,90

p,0, TOC

3.70
4.40
4.30
4.15
3.95
3.85
3.40
3.35
3.20
3.20

3.10

12,2
20.8
21.0
21,0
20,9
20.8
20.5
21.0
21.0
21.8

20,5

D,0,
Corr

6.28
4.22
4.10
3.95
3.80
3.70
3.33
3.20
3.056
2.94

3.05

- 176 -

McMASTERVILLE

Dilution Rate 2%

Avg,.
D.O,

6.28
4.21
4,10
3,95
3.82
3.40
3.49
3.23
3.05
2.92

2,97

1.00

0.62

0.655
0,630
0.610
0.542
0.558
0,515
0.490
0.465
0.470

B.o.D.

103.5
109.0
116.5
123.0
144.0
139.5
152.5
161.5
168.0
165.5

addnar et Lo e o ki s e



BELOEIL

DATA FOR THE COMPUTATION OF SEWAGE K VALUR

36"

November 3 1965

COLLECTOR

1st Comp Sample 2nd Comp Semple

D.0,

Day D.0. T°C Corr D.O.
3.90 11.5 6,62 3,90
4.45 20.6 4.31 4.55
4.30 20,9 4.20 4.25
3.75 20.2 3.70 3.40
3.60 20,2 3.56 3.20
3,40 20.5 3.33 2.55
2,00 20,0 2,00 1,95
2.00 20,8 1.92 2,50

2.40 20,8 2,31 2,10

0 O N oo u ¢ QN d +H O

1.90 20,6 1,85 1.85

)
o

1,90 20,8 1.83 2,60

D.0,
7°¢ GCorr
11.5 6.62
20.4 4.25
20.3 4,20
20,0 3,40
20,1 3,20
20.1 2,55
19.5 2,05
20,5 2,63
20,3 2,08
20,5 1.81

20,5 2,55

- 177 -

Dilution Rate 2%

e, 2% 5.0.0.
B,

6,62

4.28 .647 117
4,20 ,625 121
3.55 .537 153
3.38 .510 1162
2,94 .,445 184
2.02 305 230
2,27 343 217
2,19 ,331 221
1.83 .276 239

2.19 ,331 221




DATA FOR THE COMPUTATION OF SEWAGE K VALUE

November 3 1965

1st Comp Sample

b,0,

Day D.o. TOc cor:l.‘

3.80
4,00
3.40
3.80
3.30
3.10
3.30
2,75

3.20

O O N9 O v e B} DD +H O

3.20

[
o

1,20

)

s

12.0
20,5
20,5
20.6
20,5
20.4
21.0
21.0
22.5
21.5

20,0

6.55
3.92
3.33
3.69
3.24
3.04
3.14
2.62
2.86
3.00

1.20

36" COLLECTOR

D,0,

3.80
4.30
4.05
3.60
3.50

3.50

TOG

12,0
20.5
20,7
20.8
20,6
20.8
20.5
20.8
21.0
21.0

19.8

2nd Comp Sample

D,0.
Corr
6.55
4.20
3.93

3.46

- 178 -

MONT ST HILAIRE

Dilution Rate 2%

Avg,
D,O,

6.55
4.06
3.63
3.57
3.32

3.22

1.00

0.618
0.555
0.545
0.508
0.492
0,465
0.435
0,449
0.460

0.176

124,5
146.0
149.0
161.5
166.5
177.0
185.0
181.0
177.5

271.5

cin:




o

DATA FOR THE COMPUTATION OF SEWAGE K VALUE

October 19 1965

1st Comp Sample

BEET SUGAR REFINFRY

Dey D.0. TOC

4,65
4,35
4.20
4.10
3.90
3.80
3.50
3.35
3.30

© O N o U ¢ 6 N H O

3.30

[
o

2.70

16.0
19.8
20.2
19.9
19.6
20.1
19.6
20.0
20.1
20.2

20.0

D0,
Corr

5.80
4.50
4.15
4.20
4.05
3.80
3.65
3.35
3.30
3.25

2.70

Dilution Rate

2nd Comp Sample

D.o.

4.65
4.20
4.20
4.15
4.05
3.75
3.20
3.10
S35
3.25

3.30

TOC

16.0
19,8
19.9
20,3
19,9
20.1
20,0
20.0
20.0
20,2

20,4

Corr

5.80
4.35
4,35
4.10
4,17
3.75
3.20
3.10
3,35
3.20

3.22

- 179 =

Avg,
b,0,
5.80
4,42
4,25
4,15
4.11
3,77
3.42
3.22
3.32
3.22

2.86

ST HILAIRE

D

t B.0.D,

(]

0.765
0.732
0,715

0.710

0.650
0.590
0.5585
0.572
0.55%

0,495

. -05%

2760
3100
3300
3380
4060
4720
5160
4960
5160
5880




DATA FOR THE COMPUTATION OF RIVER WATER K VALUE

August 2.

1at Comp Sample

Day D,0, T°C Corr

5.00
3.7%
3.70
3.70
3,70
3.70
3.58
3.70

3.70

0O 0O N o o ¢+ B O +H O

S.70

(™)
o

3.05

1965

24.2
19.0
19.8
19.6
19,5
19,9
20.3
20,3
20,5
20.8

20.8

C.N.R.

D,0,

4.15
4,07
3.82
3.86
3.80
3.90
3.50
3.66
3.63
3.56

2,92

BRIDGE ST JEAN

2nd Comp Sample

D.0, TOC

5.00
3.75
3.75
3.60
3.50
3.40
3.70
3.70
3.60
3.60

3.35

24.2
19.2
20.8
20.0
19.2
19.0
19.5
20,3
20.3
20.6

20.8

Corr
4.13
4.04
3.60
3.60
3.76
3.70
3.90
3.66
3.57
5.50

3.22

- 180 -

Avg .
D,0,

4.15
4.05
3.71
373
3.78
3.80
3.70
3.66
3.60
3.53

3.10

STATION 25

Dilution Rate 100%




@

STATION 21

DATA FOR THE COMPUTATION OF RIVER WATER E VALUE

August 24 1965

Day

N o o D M O

o O

10

18t Comp Sample

D.0.

4,60
3.80
3,80
3,80
3.65
3.40
3.35
3.50
3.50
3.50

3.55

700

23.2
19.2
19.8
19.2
19.2
19.0
20.5
20.3
20,1
20.2
20.8

FRYERS ISLAND DAM

D.0,
Corxr

3,98
4.02
3.92
4.10
3.82
3.71
3.28
3.48
3.50
3.48

3.38

2nd Comp Sample

D.O,

4,60
3.75
3,70
3,65
3.70
3.65
3.65
3.50
3.30
3.50
3.30

700

23,2
19,5
19.8
20.0
19,0
19.0
20.2
20.2
20,1
20.3

20,8

b.0,
Corr

3.96
3.95
3.82
3.65
4.00
3.76

3.61

3,46

3.30
3.46

3.17

- 161 =

Dilution Rate 100%

Av’g. Dt

D,0, B,0.D,
DO

3.98 1.00 .0

3.98 1,00 0

3.87 0.975 09
3.87 0.975 .09
3,91 0,990 «07

3.73 0,940 «25
3.44 0.880 «54
3.47 0.890 «S1

3,40 0.690 .58
3047 0,890 «51

3.27 0,840 «71




@

O

STATION 20

DATA FOR TEE COMPUTATION OF RIVER WATER X VALUE

August 24

1965

INLET CHAMBLY BASIN

1st Comp Sample 2nd Comp Sample

D,0,

Day D.0. T°C Corr

5.40
3.80
3.50
3,50
3.45
3.40
3.45
3.40

3435

© 0O N 6 O B B ¥ H O

3.40

-
o

3,45

23,4
19,5
19.8
19,8
19.5
19.0
20,5
20.4
20.4
20,3

20.8

4.62
4.00
3.61
3.61
3.62
3.68
3.38
3.33
3.28
3.36

3,31

p.0. T°C

5.40
3.70
3.60
3.65
3.45
3.25
3. 45
3.45
3.45
3445

3.45

23.4
19.5
20.1
20.5
19.5
19.0
20,5
20,6
20.6
2.2

20.9

D,0.
Corr

4.62
3.90
3,60
3.58
3.62
3.51
3.38
3.31
3.31
3.26

3.30

- 182 -

Dilution Rate 100%

Avg.
D.O,
4,62
3.95
3.60
3.59
3.62
3.59
3.38
3.32
3.29
3431

3.50

D
t B.o.D.
[+
1.00
0.858 .67
0.780 1.02
0,778 - 1.03
0.785 1.00
0.778 1.03
0.730 1l.24
0.720 1.30
0.710 1.33
0.715 1.31
0.713  1.32




BTATION 19

_DATA FOR THE COMPUTATION OF RIVER WATER K VALUE

. August 24

1965

OUTLET CHAMBLY BASIN

Dilution Rate 1004

-1st Comp Sample.2nd Comp Sample

Day D.O,

4.30
3.60
3,60
3.25
3.10
3.00
3.05
3.00
3,00

© 0O N o u » &6 =+ O

3.10

(-
o

3.10

24.4
19.2
19.9
19.5
19.5
19,2
20.2
20.1
20.2
20.6
20.8

D.O .

4.30
5.70
3.65
3,30
3.15
3.00
3.10
3.15
3,10
2.90
3.15

T°¢

24,4
19,6
20,5
19.5
19.4
19.1
20.2
20,6
20.4
2l.2

20.9

- 183 -

D,0,
Coryx

3.88
3.85
3.8
J.44
5.32
3.27
3.06
3,06
2.89
2.74
3,02

3.90
3.86
3.65
3.43
3.29
3.25
3.04
3,08
2.92
2.86

3. 00

% B.0.D.
BN
1.00
.99 .04
.94 .25
.88 .47
.84 .61
+835 ,65
.78 .86
77 .87
757 .98
.732 1,04
.76 .90




e

STATION 12

DATA FOR THE COMPUTATION OF RIVER WATER K VALUE

August 24 1965

Day

© ® N o O » U D = O

(.
(]

BELOEIL

1st Comp Sample 2nd Comp Sample

D,0,

D.0. T°C Corr

4.35
3.40
3.40
3.45
3.40
3.40
3.40
3.45
3.40
3.20

3.00

22.8
20,0
20.0
19.8
19.6
19,5
20.2
20.5
20.3
2l.2
22.2

3.80
3.40
3.40
3.55
3.54
3.58
3.35
3.38
3.36
3.02

2.70

4.35
3.60
3.50
3.40
3.40
3.40
3.45
3.45
3.45
3.15
3.00

p.0. T%

22.8
19,7
20,7
20,0
19,5
19,3
20,5
20.5
20,4
21.5
22,5

D,0,
Corr

3.80
3.75
3. 40
3.40
3.56
3.65
3.38
3.38
3.38
2.94

2.68

- 184 -

Dilution Rate 100%

Avg.
D0,

3.80
3.57
3.40
3.47
3.55
3.61
3.37
3.38
3.37
2.98
2.69

nt

ES

l1.00
0.940
0.895
0.915
0.935
0.950
0.892
0.890
0.888
0.785

0.710

B.0.D.

23
40
33
25
.19

43

42
43
.82
1.11




STATION 1
DATA FPOR THE COMPUTATION OF RIVER WATER K VALUE
ST CHARLES

August 24 1965 Dilution Rate 100%

18t Comp Sample 2nd Comp Sample
D.0O. D.0., Avg, D
Day D.O. T°C GCorr D.O. T°C Corr D.O. t B.0.D.

(]

0 4,75 22.8 4,17 4.75 22.8 4.17 4.17 1.00

1 3.85 20.1 3.85 3.80 20.0 3.85 3.85 0.925 32
2 3.75 20,5 3.68 3.80 20,8 3.65 3.67 0.880 «50
3 3.75 19.8 3,85 3.80 20.2 3.75 3.80 0.912 «37
4 3.65 19.6 3.80 3,75 19.6 3.82 3.81 0.913 «36
] 3.60 19,4 3,80 3.70 19,4 3.90 3.88 0.925 32
6 3.50 20.8 3.35 3.70 20.2 3,66 3.50 0.839 «67
7 3.40 21.0 3,23 3.50 20,6 3.40 3.34 0.800 «83
8 3.30 21.1 3.14 3.35 20.7 3.25 3.19 0.765 .98
g 3,20 21.6 2,94 3.15 21.5 2.94 2.94 0.705 1,23
10

3,00 21.8 2,75 2.95 21.8 2.70 2.72 0.652 1.45

- 185 -




APPENDIX C

COMPUTER PROGRAMS

1. OXYGEN SAG CURVE
2. Y DROP BY MULTILINEAR

CORRELATION THEORY

- 186 -




Vel

©

10

12

13

14!

15

16

17

20

21

22

23

24

25

26

27

28

29

30

123456789
D)

01234567859

J

FORTRAN 200

Cl . OXYGE

C HEINZ
001 - --DIMEN
002 REAL
003 - |-.201 FORMA
004 202 FORMA
005 -.{.-301 -FORMA
006 302 FORMA
007 _ ... |.303._FORMA
010 304 FORMA
0ll _.._.[.305. FORMA
012 306 FORMA
013 - |.307 _FORMA
0l4 308 FORMA
015 ..__.|. 77._READ
0l6 SUMRE|
017 | e SUMPA
020 READ
021 . __ --WRITE
022 WRITE
023 | _WRITE
024 WRITE
025 |- —WRITE
026 WRITE
027 . |- WRITE
030 PCTSA
031 e ienla:2354D011
032 . READ
033 . ___ |-  .TIME=s
034 Gz22.
035 |- .IF (T
036 12 SATOX
037 | . GO TO
040 13 IF (T
041 ____|. 14 SATOX
042 GO TO
043 .. _ _|_. 15 _SATOX
044 16 SUMRU
045 e IF (3
046 17 MIXMI
047 _{-. . .GO0 TO
050 - 18 MIXMI
051 — 19 NEXTY|
052 SUMPA
053 | . Y=NEX
054 F=e48
055 _ .. . .R=le+
056 NETOX
057 _|. . .REO=(¢
060 ‘PCTSA
061 ~ REO=R
062 IF (1
063 . 20 IDPCT
064 G0 TQ
065 ____|. 21 IDPCT
066 22 SUMRE

0 I

12345670.9

012345878

01234567809
-~
2

SOURCE

N PROFILE
O« WEBER
SION IDESC
IDsIDPCT sK
T(Il4s 6X3

T(8F940)
T(lH1e 9X»
T (20HONUMB
T(43H NORM
T(26H INIT
T(23H BOD
T(51H2 NO.
T(50H ... IT
T(LH » 169
(2+201). N»
0=0.0
Y:0.0 Py,
(3+301) 1
(3+302) N

(3¢304) Y
(3+306)
T=X 2

(2+202) P
1.547%V/Q
42%Q
=20a4). 1291
Y=G%{14e62
16 ... .
~30e) 140l
Y=G%¥ (1225
16
Y=G¥(10e6~
N=X#SATOXY
e=D). 17y 1
N=13e94*AL
19 .
N=e721%D+2
SYREXP (=2
Y =SUMPAY +Y|
TY+L .
6*SQRT (MIX
«0896*MI XM
Y=SUMRUN+S
SATOXY* (2
T=100e*(NE
EO+ID/R .
D) 2142042
=PCTSAT _.
22
=100« % (NET

(25202) XolY

(3+305) KL
(3+307).. |

6123456788
A8

LISTING AN

(7).
9L!MIXMIN!
TAS) .

18HOXYGEN
ER OF STAT
AL VALUE O
IAL WASTE
AMORTIZATI
OF MIL
ERe . . oo

TXs Fb6e2v
IDESC ...

£39303) X o e

3
ToVeDseQolos

3413
*T*(000565

4915
e 154%T)__
o1XT) .

/100
8y 18 _.

«279
=~NEXTY+5+1]

MIN) *EXP (o
IN*¥Q/ (F*V)
UMREO=-SUMP
=e01%¥PCTSA
TOXY+ID+RE
1

OXY+REOQ) /S

0=SUMREO+REO

0 V23456700

[N LR A Il KL

JELAN e

0G(D)=Te 45

187 =

0123456789
4

D DIAGNOST

Nefokleex

PROFILE O
IONS » 14/
F PERCENT
LOAD AT PO
ON RATE. .».
EPOINT

“8Xy ﬁZJz.

-. [SATURATION ...

01234567809/01234567859
5

1CS .

L
[

av)

R4

F.oe TAS) . . ...
)
OXYGEN SATURATION
s F9¢2)
F9e2///) . |oeee o e .
PERCENT TRUE P
—--SATUR
9Xe F6e2)

0123456
7

ROGRAM?

¢

PR
19

F9e2). .

ERCENT)
ATION/).

*(?Qfo?{-.

019))

o e+ Yo i s

3026%K*TIME) . . _ _.

D
0745%T=o 773

AY
T)-NETOXY-
0) /SATOXY

ATOXY. ._.

4

0123456740

IDM/R . ...

5

07023456 760

612345 6789|001 2345678 9

NN ON



(NP

7 N

20

21

22

23

24

25

26

27

28

29

30

123456789 :o'll 23456789/0123456789/0123456789[01234567869[0123456789/0123456789/0123456¢
i | 2 3 4 5 & V
067 ~ 11 _WRITE| (3+308) JsPsPCTSATHWIOPCT .. ..
070 PAUSE| 1221 .
071 e QO TO T e e e - ——
072 . STOP '
073 i END — - e - - — e
— S S s e - R
0 ] 2 3 4 5 b 7
2rase e aser8olor2sas 7|02y a5 780> 12 34857 o1 2xsfezav|lorzaase rselore s
. - — - e o e e | e oo e e - -_;._...
- RNRURURN AV e e o S e B e @ e it e o et e metn _.4.-_.,_,_...._:__ - [,
o0 23 A b6 T
123456789{0123456789|01234567809)01234567809]0123456.7829|0 ,!..Az.j:’.“ 56789]0123456789|0123456¢6




20 . ..

21 ..

22(... .

23].

26

27

28

29

30

1234567809

O
FORTRAN |

001 _
002
003 .
004

0054 ... mave s
006

007 ..

010
011
012
o113
014
015
016
017 |
020
o021 .
022
023
024

fa¥a¥a)
3

0123456789
i .
-2.00 e

TITLERIVPO
CASE

- RIVER
HEINZ

_ COMMO
COMMO
. COMMO
201 FORMA
202 FORMA
301 FORMA
_ . ICTR1
LCTR=
_IPAGE
SA(1ls
_SA(2y
SA(3»
.. SA(4»
READ

- _WRIT
IPAG

3 READ
IF (I
1 CALL
2 PAUSH

GO T1Q9_

!

o i“ﬂz, 34567809
2
~_ SOURCE

1. . e e
STUDY

.POLLUTION

O« WEBER
N ICTRLsLGQ
N A(3+4) 99
N ITEMPlsI
T(10X»12A3
T(I297X92A
TC1HLv29X
=0

g

=1

01234567809

R
LISTING AN

TR+ IPAGEs ]
A(495)9X1B
TEMP242ITEM
) v
394X9F5e10
12A3927X 95

01234567809

4
D DIAGNOST]

DESC(12) 91
AR »X2BAR » X

5XeF5el95X
HPAGE +13/

P3 -

b

0123456789
-
)

Ics .

STN+ IDATE]
3BARYBARY

'F5e295X 1
)

01234567809
b
- P

A

.IDArez.gq
SYSQsAN

5e1)

01234567

/
ROGRAM3

PR. Se 1
1966 °

tX29X3oq

5 )= le
5)=0a
5)=0e _
(2+201) 1ID
(3+301) 1
=2
{2+202)_ 19
STN=99) 1,
CHAIN 2
o1l

g
DESCo

TNsIDATEL
242

IEAﬁé".m.m

IDATE29X1

s rrn ot . et st - o—— - — s e,

X29X32Y |

T

. agatiaaseeslonzaassrasforasaserunfon s anereolnzznanerenfos2aass e afatarissy
24| i e e e e ——— I J—
250 o - U I - —
. , )
O N I 1m oo A D L6 LT
112374576 7050123456 780|007 2345678801 23456788[0 2345878307545 67 800 LR NE WA




123456789(01234567689/01234567805/0123456709[0123456789/0123456789[/012345678901234567:
3 i 2 3 4 5 6 7
o[#CHAIN 2 | .. .. e - e
1| FORTRAN | 200 | _ SOURCE |[LISTING AND DIAGNOSTICS  _ . e e e HROGRAMS
1 001 COMMON ICTR1sLCTReIPAGEsIIDESC(12) o IISTNeIDATELsIDATEZ29 Xl 9X29X3 Y
31002 1. _.COMMON A(3+4)3SA(4+5) +sX18ARIX2BAR9XN3BARYYBARWSYSQAN |
003 COMMON ITEMPlsITEMP2sITEMP3 .
4| 004 1 202 FORMAT(I297X92A394XsF5el95XoF5el95X9F5e295X0A5el) | . .
005 401 FORMAT (F4E12.6)
5[.006 ... _AN=0l e N RS SR RO -
007 DO 2 [J=lvh
6 0l0 D0 2 (I=1+4 . o e
0ll TSA(I4J)=0a ..
7. 0l2 | 2 CONTINUE o
013 X1BAR=04
g| Ol4 | X2BAR=Oe _ NNl .
0l5 X3BAR=0.
o 0lé | . _YBAR=0._ ; . o -
017 T5YSQ=0.
10 020 | 17 AN=AN#le | o\ b - —-
. ﬂ 'CALCULATION OF |[CORRELATIONS :
w021 4 ACLel=X1%X1 0 4 S
022 TA(2e1) =X1%X2
120023 . ) A(3s1)=X1%¥X3 | . —
024 A(l+2)=A(241)
131,925 ._4_,,,-._”"\‘.2.’.2).").(.2,*.)(_2”--.. SN SRR R N R
1429270y s oo vzaa AL193) =A (3510, cuzsstnesuslonzrassrualozzasnereserzaas el izaasey
030 TA(Z23)=A(32)
150,031 - ] A(3»3)=X3%X3 ' - - N
.| 032 ) S A(le4) =Y®X1
16,033 | _A(2e4=yxx2 e —
034 A(3e4)=Y*%X3 : -
17| 035 ITEMR1=1ISTN ) : . e
036 7T T ITEMAR=IDATEL [T T ) ”
18] 037 ITEMPA3=IDATEZ2 _
0407 77T IBAR=X1BAR XY [T T T pe e T
19 »041 L o XZBAR?X‘ZBAR'}XZ__ ) | L . -
0427 " T TTUX3BAREX3BARHX3 T T T
20 043 - verBAR=YBARA+Y o ) )
044 77 ITTTTTTSYSQSSYSQE (YXY) ) N
21 045 : DO 11 J=1le4
046" " DO LY IElya e e —
22| 047 SA(I4J)= SA(IsJ)+A(Isd)
5077 |TTLITCONTINUE™ ™ 7T MT" -
23| 051 WRITE (49401) M1sX2sX3sY o
052 77T TT "READ |(29202) TTHTNYIDATEL IDATEZ s X1 4X29X3 Y
24 053 IF (ISTN=99) la"13113
054 7777|712 IF (LUSTN=ITEMPL) 1591418
25 055 o J.‘i'~ I_F (IDATEI:ITEMPZ) _4‘15_0'«1'6915_ ) -
056 ' 16 IF (lDATE2=ITEMP3) 15917415 )
26| 057 13_'ICTR]."1 ] _ )
060 "7 |T 15 END FILE & T B - - B
27| 061 . REWIND 4
062 1" “CALL ICHATN 3= | o e e e — e e e
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3 002 MCOMMON A_(39.4).’SA(4'5) + X1BAR vAXZ’BAR'X:}@A{\R‘y_Y‘@AsosAY‘SQ_’.AN N _
003 COMMON ITEMPLoITEMP2sITEMP3 o
4| 004 DIMENSION SAP(3y o USRS RS B N
005 301 FORMA[T(1lH1929X9|l2A3+27XsS5HPAGE +13/)) :
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012 401 FORMAT(F4ELl246) :
s Q- - CALCULATING MEANS I S T R
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ol Ol4 X2BAR[=X2BAR/AN | " ~ I I WS A
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o] 016 _YBAR=YBAR/AN N R . _ - L
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: 031 A(24+4) =AN¥YBAR¥X2BAR
16] 932 L AGB4) SANRYBARXX3BAR o e
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035 Tl gacT -J)":'SA’('I".U‘) e N IS K
18] 036 18 CONTINUE ‘
037 T T SXLYSSA Ly T T T B - B
19] 040 | SX2Y=[SA(2s4)
041 T TSX3YSSA(3ws) T T T T
20 .9 MATRIX INVERSION . o e B
042 DO 21.M=1+3
2| 043  SAP(1)=SA(1s1) )
oag SSAP 2y aa(Z Iy o e e e
221 045 | - SAP(3)=SA(3y1) | .
046 DO 22 U=l's4 T - Tyt T T
23| 047 _SA(49J)=SA(LeJH1) /SAP(1) )
050 D0 23 T=1i3 A e e
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053 22 ‘CONT INUE LImOAPLLINOALTY) | _— S SO
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054 DO 23 J=14 T A T DR S R
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056 " 23 CONTINUE. T - R A
7| 057 21 CONTINUE :
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