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FOREWARD 

In 1964 the Department ot Oivil Engineering 

and Applied Mechanics, McGill University, received a 

research grant trom the Department ot National Health and 

Weltare to conduct a pollution survey ot the Richelieu 

River, P.Q. 

A comprehensive three-part survey was designed 

to adequately evaluate the degree ot pollution ot the Biver 

in terms ot dissolved oxygen concentration, ohem1cal pollution 

and bact~rial contamination. 

This report deals with the tirst part ot the 

Biver sur7ey, the dissolved oxygen concentrations in the 

River. The pollutional loads causing the oxygen deticiency 

wera investigated, and the capacity ot the River tor restora-

tion ot the dissolved oxygen utilized in bioohem1oal oxidation 

ot thase pollutional loads was stud1ed. The sum ot the two 

components, deoxygenation and reaeration, represents the net 

dissolved oxygen concentrations observed in the .River. The 

magnitude and interaotion ot these components were determined 

to desor1be the biochemioal regime ot the Biver. 
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ORAPTER l 

l N T R 0 DUO T ION 

The continuous conoentration o~ population 

in urban areas and the growth of industrial complexes have 

resulted in a'sharp increase in the demand and use of the 

natural resource - water. Oon~eqUentlYt 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 the sources of public and industrial 

water supply, and are also used for the disposal of wastes 

by dilution • 

The quantity ot sur~ace waters ava1lable for such 

a double use has remained substantially unchanged, while the 

amount of wastes disposed has increased. This has led to 

a considerable impairment of the quality of water available 

for subsequent uses, and has caused a general concerne 

Every natural body of water has a de~1nite and 

limited capacity tor disposal o~ wastes wh1ch cau be assessed 

by conducting a river survey. This thesis deals with the 

evaluation ot the present and future pollutional conditions 

of the Richelieu River, P.~. 

The aims of the planned field survey, the 

laboratory and the analytical work may be listed as tollows. 

1. To establish the parameters o~ the hydrologic 
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regime o~ the River, and to derlve the drought ~1ow ~requenoy. 

2. To eva1uate the magnitude and oharacteristics o~ 

the po1lutional loads, present and future. 

3. To determine the degree of po11ution at present. 

4. To f'ormulate a mathemat1cal model that best 

de scribes the dissolved oxygen sag curve. 

5. To assess the dissolved oxygen distribution on 

the cross sections of the 'River, and determine 

the statistical reliability of the samp1ing 

procedure. 

6. To f'orecast the dissolved oxygen saturation levels 

in the River for varying drought ~low ~requencies 

and at different degrees of waste treatment 

provided at some future time. 
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CHAPTER II 

PRELIMINARY SUR VEY 

The rirst step in any river pollution 

study 1s the preliminary survey which is requ1red in order 

to eollect data and to establish or derive the rollowing. 

1. Visual inspection or the river to determine the 

extent or physical pollution. 

2. Preliminary jissolved oxygen readings to establish 

the extent or the pollutional survey required. 

3. Establish the survey stations within the region 

or pollution. 

4. Study the hydrologie regime or the river within 

the survey reg1on. 

5. Establish the procedure or sample collection. 

The prel1minary survey was conducted dur1ng the 

Summer and Fall or 1964. The relationships or der1vations 

resulting rrom the pr~liminary survey were designed to 

accommodate the 1965, 1966, River conditions, the period 

during wh1ch intens1ve sampling was done. 

1. V1sual Inspection or the River 

Visual 1nspection for pollution is derined 

by R. Bonin (3) as evidence of scum, slime, rloating solids, 

discoloured water and odour. The visual inspection or the 

(3) Bee Reterences in the Appendix 

- 3 -
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Richelieu River consisted of noting any evidence of physioal 

pollution that might be objeotionable to the general publio. 

Since survey stations were not yet established, only g&neral 

areas of pollution were reoorded. The degree of pollution 

was determined by the body senses of touoh, smell and sight. 

The stretch of the River inspected was from the Oanada -

United States border at the outlet of Lake Champlain to 

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

Lake Champlain water was very clear with no 

evidence of physical pollution. Further downstream lnvestiga-

tion of the River revealed that near the Town, of St. Jean, 

speciflcally, the waste outlet of the David Lord Cannery, the 

River was polluted by a hlgh ooncentration of organio waste 

undergoing both aerobl0 and anerobl0 deoomposition, and a 

sludge bank existed on the bottom of the River. The evidence 

that led to the suspicion of local pollution was green, 

bubbling water and an offensive odour. 

Further downstream there were reports of a flsh 

kill in the St. Jean area. Some dead fish were found above 

and below St. Jean as weIl as at Beloeil, but the quantity 

found was only a small fraotion of that reported. 

No extensive phys1cal pollution was observed in 

the reglon from Fryers Island Dam to Chambly Basin. 

At Chambly Basin traces of oil slloks and float-

ing Boum were observed. 

- 4 -
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From Chambly Basin to M~Masterville no evidence 

of physical pOllution was found. 1 

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 a 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 

• 1 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 

distinct odour of detergents, especially noticeable at the 

River banks. 

From the visual inspection of the River, it was 

decided that the region from St. ~ean to St. Charles, a 

distance of about thirty-three miles, showed sufficient 

ev1dence of phys1cal pollution to be further invest1gated with 

a portable dissolved oxygen meter before station locations 

were :t'inalized. 

- 5 -
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2. Pre1iminarz D1sso1ved OXlgen Readings 

Pre1iminary dissolved oxygen readings were taken 

between St. Jean and St. Oharles to verity that withln this 

reglon the d1sso1ved oxygen 1eve1 in the River did in tact 

reach a sag point or a minimum value, and a recovery zone. 

The pre1im1nary disso1ved oxygen survey gave the fo11ow1ng 

general resu1ts. 

TABLE 1 
Disso1ved Oxygen in 

Samp1e Location Percent Saturation 

O.N.R. Bridge above St. Jean 85 

Highway No. 9 bridge be10w St. Jean 

Highway bridge between Richelieu 
and Ohamb1y 

100 yards upstream trom O.I.L. 

Highway bridge at Beloeil 

Isle aux Cerfs, six miles be10w Beloeil 

st. Ohar1es, twe1ve miles be10w Beloeil 

75 

85 

82 

77 

75 

80 

There are no major towns or industries either 

above St. Jean or be10w St. Ohar1es. Within the region 

between st. Jean and st. Ohar1es the disso1ved oxygen read-

ings indicated two sag areas and two recovery zones in the 

river. These two towns were then chosen as det.ining the 

limita ot the River stretch where permanent survey statio.ns 

should be estab1ished. 
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3. 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 Biver in size and discharge. The 

Willamette River has a discharge ot three to tour thousand 

cubio teet per seoond, and a depth between ten and thirty 

teet. The Richelieu River has a summer disoharge ot three 

to tour thousand cubio teet per second and a depth ot tive to 

twenty teet. In establishing the stations on the Willamette 

River, Gannon and Downs state that; "This need not be done 

with a high degree ot surveying accuracy, but rather emphasis 

should be plaoed on more trequent sounding wherever possible. 

Physically it can be accomplished by means ot a sounding rod 

or weighted line, together with a good map ot the river 

stretch in question for location and orientation in the tield." 

In the ~ichelieu River survey a series of twenty-

five s~ations were chosen and marked ott on a hydrographio 

map ot the River. The stations were located above and below 

the major sources ot pollution as determined by the preliminary 

dissolved oxygen readings. Distances trom 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 distanoes between stations but it was found that locating 

stations trom scaled distances on the hydrographie map gave 

- 1 -

/. 



" ---_._------- ----~._ .... _._ ..... _----_._--- --_._- - ---- ------------------ --------- .. - --- ---------------------

( 

( ) 

sufflciently accurate results. The difference between 

scaled distances and tr1angulated distances was t 25 feet 

per mile surveyed. The accuracy of the map was thus 

established and~ll other stations were located trom the map. 

At each station two markers, five feat long and 

six inches wide, were placed on the aast 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 with reference to some 

immovable object sh,ould the spring floods dislodge them in 

the following years. 

A drawing of the station locations can be found 

in Appendix D. 

4. Hydrologie R'egime 

The basic river parameters required for the sub-

saquent calculation'ot the dissolved oxygen sag curve may be 

derived from the tOllowing relations. 

a)Oross sectional area ot the River at each station 

b) stage~~o~discharge relatlonships 

c) Ohange in tlow between stations 

d) Flow time between stations 

a) Return period of critical minimum flow 

4(a) Oross Sectional Area 

The cross sectional area at each station was 

determined by the use of thrae pieces of surveying equipmentj 

i 
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a transit and stadia rod to measure distanoe, a portable 

Raytheon Fathometer to measure depth, and a boat tor 

transportation. 

The Fathometer was checked against a sounding 

lead at one ot the stations and gave readings that sgreed 

with the lead weight sounding to t 0.1 teet per eaoh ten teet 

ot depth. This instrument was then used to obtain all other 

oross sections. 

The Fathometer operates on a twelve-volt car 

battery and is equlpped with a 'marker' switch to manually 

identity any sounding on the continuous graph which the 

instrument produces. The plot points tor each cross section 

were determined as tollows. 

A stadia rod was mounted in the boat with the zero 

mark st water surtaoe elevation. The reoording Fathometer was 

set up so that the 'transoe1ver' was Just submerged in the 

water. A transit wns set up beside the shore marker closest 

to the water, and the height ot instrument determined using 

the bottom ot the marker as datum elevation. The boat 

operator navigated the boat trom the west shore to the east 

shore ot the River keeping the course ot the boat in line with 

the two station markers. This ensured that the cross seotion 

was taken perpendicular to the River ohannel. 'The transit 

operator signaled the tathometer operator at each t1tty toot 

change in stadia distance. At eaoh signal the tathometer 

- 9 -
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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 respeot to the marker datum elevation was deter.mined. 

The distance from the marker to the near shore and far shore 

was measùred by" stadia. This completed all the physioal 

measurements of the River width, depth, distances from shore, 

and water surface elevations that were needed to plot the 

oross section at each station. The continuous graph indieated 

the changes in the Biver bottom elevations, their locations 

were plotted to the soale e~tablishe4 by the eonfining flfty 

foot stadia lntervals. The oross seotions were plotted on 

18" X 24ft sheets and the area determined from polar planlmeter 

readings~(22) 

4(b) Stage-to-Dlsoharge Relationships 

The purpose of establishing river stage-to-disoharge 

relatlonships for aach station was to be able to caloulate the 

oross sectionalarea ot the Rlver under dlfferent flow condi-

tions. Gannon and Downs (9) realized the ditfioulty in gaug­

ing each and every station and have solved the problem by 

making the following assumption. "Sinee river oross section 

work may extend over se~eral days, with the possiblllty ot 

varying runoff during the period, it frequently is neoessary 

to adjust river stage to a oommonrunoff reglme. Rere a 

rating curve ls neoessary, and ideally should be available tor 

- 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 

gauge assuming characteristics 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 soctions of the 

River, the water surface elevation at each station could be 

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

River, two facts precluded the continuance of this effort. 

7irst, that at any given flow between two and four th6usand 

cubic feet per second, the change in water surface elevation 

between stations was iess than 0.10 feet.Secondly, there 

was no surveying method by which the contour of the river 

bottom could be held to this accuracy. A Price current meter 

was uéed to determine the River tlow velocities at tour 

locations between Chambly and st. Charles to assess whether 

there were any changes in velooity thus indioat1ng a change 

in River bed configuration. AlI metered stations revealed an 

average velocity between 0.50 and 0.60 ft~/seo. The oross 

sections that were determined previously were ohecked tor 

changes in oross seotional area. Corrected oross sectio nal 

areas for any given flow between Ohambly and st. Charles, 

agreed to t 5 percent~(22) 7rom the above oonsiderations, 

the'River flow and channel oharaoteristios were assumed to be 

- 11 -
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unitor.m and according to Gannon and Downs (9) this assumption 

was justified. From the government gauging station data (22) 

at Chambly and St. Ours, 28.7 miles downstream, stage-to­

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

elevations tor these gauging stations were corrected ta 

Geodeticsurvey ot Canada bench marks. Under normal summer tlow 

condit.ions, the slope of the River surface between Ohambly and. 

St. Ours, a distance or 28.7 miles is 0.60 teet. A graph ot 

water surface slope-to-discharge (Figure 2) was constructed. 

The slope ot the River surrace under normal summer flow 

-6 
conditions varied from 3.75 to 6.00 x 10 feet per foot. This 

was beyond the acouracy of normal surveying technique and 

the change in water surface elevation at the survey stations, 

for a given flow, was calculated as being proportional to 

the distance trom the gauge. The stage-to-discharge reiation-

ships for eaoh station between Ohambly and St. Oharles were 

thus established. From Ohambly upstream to St. ~ean there 

was one per.manent gauging station at Fryers Island, the stage­

to-discharge relationship (Figure 3) was determined. Between 

Ohambly and St. ~ean the survey station cross sections were 

adjusted for each sample date by noting the rise or fall in 

water surface elevation trom a fixed datum point established 

on the day the cross section was taken. The River flow tor 

the oorresponding samp1e date was.obtained from the contin~ous 

recorder at Fryers Island. From these two items or information, 
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FIGURE 3 

STAGE TO DISCa~RGE - STAFF GAUGE AT FRYERS ISLAND DAM 
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the stage-to-discharge re1ationships were ca1ou1ated for 

survey stations between Ohamb1y and St. ~ean. (22). 

4(c) Change in F10w Between Stations 

The stretch surveyed in the Riohe1ieu Biver was 

52.? mi1es. In this 1ength ot Biver, tributaries, drainage 

and surface runoff account for measureab1e f10w ohanges 

between stations. The contributing drainage basin at eanh 

station was determined fram a topographie map. The areas 

were measured by a po1ar p1animeter and converted to square 

mi1es as the sca1e of the map indioated. This map is 

ino1uded in Appendix D. TheWater Resources Branch (22) 

supp1ied a tab1e of runoff coefficients at different f10w 

quantities and r.l. graph of runoff, in cubic feet per second 

per square mi1e, versus Biver discharge in cubio feet per 

second was p10tted as shown in Figure 4. The oontributlng 

f10w at each station was then ca1cu1ated and the cumu1ative 

f10w at eaoh suocessive downstream station for various 

oonditions of River discharge ca1cu1ated. At Fryers Is1and 

a continuous reoording of f10w was taken and this was used 

as the reference point for a11 River f10w ca1cu1ations. The 

increment of f10w was subtracted from upstream stations and 

added to downstream stations. The method of ca1ou1ating 

the change in f1~w between stations trom drainage basin area 

and runotf coefticients was found to be satisfactory. The 

ca1cu1ated increase in f10w for the River stretoh was St% 
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while the aotual metered flow inorease tor the Biver stretch 

was 6%. (22). 

4(d) ~low Time Between Stat~ons 

From the Biver ohanne1 oharaoteristics, as 

determ1ned by cross sectional are as for various oonditions 

of tlow, the tlow time between stations was oaloulated. The 

average oross seot-ional area of two oonsecutive 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 

stations. The volume of Ohambly Basin was oaloulated from 

a plot of depth contours and the detention time determined 

for various conditions ot flow. A graph of flow versus 

detention time is given in (Figure 5). 

The flow time from St. ~ean to St. Oharles for 

any River discharge was then determined by summing the 

appropriate times between stations and the detention time 

in Ohambly Basin. A plot of cumulative f10w time versus 

distance downstream for various conditions of flow is given 

in (Figure 6). 

4(e) Beturn Period of the Oritical Minimum Flow 

R.W. Purdy (16) has evaluated the oritioal minimum 

return flow of rivers as follows. "We make a detailed study 

of existing runoff records to determine the probability of 

drought flows in aocordanoe with Professor E.~. Gumbel's 
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DETENTION TIME OF CHAMBLY BASIN 
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statistical basis tor analysing the distribution ot extreme 

values applicable to droughts. From this we can obtain the 

expected drought severity tor any trequency ot occurrences, 

within the limits ot the data available." 

The Water Resources Branch had th1rty-six years 

runott records tor the Richelieu River. Since the critical 

oondition ot bioohemioal aotivity in the River ocourred 

during the low tlow periodsduring the aummer months, th~se 

data wer:e analysed tor the lowest one month, two month, and 

three month duration between July and October. The occurrences 

ot these durations were plotted on extreme value paper, as 

proposed by E.J. Gumbel. The graphs are given in (Figures 7, 

S, 9). From these graphs the expected return period tor 

tive, te n, and twenty years ot the drought tor one, two, 

or three month duration was determi~ed. A graph ot drought 

tlow versus the drought duration was then oonstructed tor the 

three return periods ot tive, ten and twenty years. (Figure 10). 

The critical minimum tlow tor one month duration was determined 

as: 

2400 cts once in 20 yeara 

3000 ots once in 10 years 

3500 cta once in 5 years 
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FIGURE 8 
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RETURN PERIOn OF CRITICAL TWO MONTH DROUGHT JULY TO OCTOBER 
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FIGURE 9 

RETURN PERlOU OF CRITICAL THREE MONTH nROUGHT JULY TO OCTOBER 
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5. ~tablishing the Procedure of Sample Oollection 

The sampling procedure' in th'e Richelieu River study 

was designed to make the maximum use of the information 

gathered in the preliminary survey. 'The preliminary dissolved 

oxygen readings indicated two sag areas and two recovery zones 

in the aiver stretch from St. jean to St. Oharles. 'Since the 

location of maximum and minimum dissolved oxygen concentrations 

.as 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 

re~ainder of the stations. There were six stations which 

required intensive sampling. 

Location 

o .N.R~ bridge 
above St. J"ean 

Fryers Island 

Richelieu-Chambly 

bridge above 
1 • J : ; 

Ohambly Basin 

';t'ABLE 2 

aeason tor 
sampling 

First upstream 

station 

'Beginning ot 
tirst recovery 

zone below 

St. J"ean 

High dissolved 

oxygen 

concentration 

- 26 -

Station No. 

25 

21 

20 

"Total No. 
ot samples 

taken 

44 

48 

42 

,/ , 

.: '" 

" 
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Looation 

Out1et ot 

Ohambly.Basin 

Beloeil 

St. Char1es 

TABLE 2 (continued) 

Reason tor 
sampling Station No. 

To study the 19 

ettect ot Chambly 

Basin on 

Reaeration 

.Low dissolved 

oxygen concentr~­

tion; Just below 

C.l·.L. 

Last downstream 

station 

12 

1 

~otal No. 
ot samples 

taken 

48 

96 

52 

Bight samples were taken trom each ot the remaln-

lng 19 stations as check va1ues tor the subsequent calculatlon 

ot the dissolved oxygen sag curve. 

The contiguration ot the cross.ectlonal areas ot 

the River revea1ed both deep and shallow zones withln the 

same cross section. To properly determine the ettect on the 

dissolved oxygen concentrations ot thls lrregular contigura-

tion, samples were taken at specltic locations withln each 

zone. On each sample date, samples were taken trom these 

locations in the cross sect ion. 

From the anàlysls ot the retu&n period ot critical 

minimUm tlow three River dis charge values were ot particular 
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interest; 3500, 3000, and 2400 cubic teet per second. Rather 

than calculate what the dissolved oxygen level would be at 

these di~charge values. it W8S deoided to w~it for low flow 

oonditions and me8sure the dissolved oxygen direotly. By 

keeping a close surveillance on the River water level, some 

sampling dates were closely representative ot the critical 

tlow conditions. 

, Sample Date Flow 

1965 

'August 24 

~uly 12 

~uly' 26 

'August 12 

~ù.ly 21 

'Aùgust 4 

August 6 

TABLE 3 

on Sample 

cfs 

3420 

3660 

2930 

29'10 

3250 

24'10 

2580 

Date Oalculated Critical 

Minimum flowa cts 

3500 

3000 

2400 

The purpose of planning the samp11ng phase of the 

River study were as tollows. 

1) Reduce to a minimum the tactors which might cause 

variations in dlssolved oxygen and biochemical oxygen demand 

measurements. 

Achieve a sampling program that was representative 

- 28 -
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of the River oonditions. 

3) Obtain enough samples for statistioally reliable 

results but maintain an economy in the expenditure of time 

and money in the oollection of these samplès. 
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CHAPTER III 

OX-YGEI~ B .. A LAN oC E 

The process o~ biodegradationo~ organic wastes 

discharged into a stream has been de~ined by the two baj~c 

laws. 

The bic chemical oxygen demand B.O. D. lOaw· has been 

mathematically ~ormulated by the W'ell-knoW'n monomolec·ular 

reaction 
_ dL :: k,L 

Jt 
The above equation states that the timeOrate o~ 

biochemical oxidation o~ an organic substance is proportional 

to the concentration o~ unoxidized substan~e, or 

Lt = Lo . e 
- /C, r 

Expressing the B.O.D. law in terms o~ dissolved 

oxygen (D.O.). saturati~n de~iciency D, 

JD =k (/..",-'1') 
dt 1 ... 

where L = coIl.centra.tièùl of organic substance at the time t"'o, 
a 

y = concent~ation of organic matter oxidized in time = t 
El- time .rate constant 

The second basic law governing the D.O. relations in 

a stream has been defined as follows, , -,~ 
-.E!.Q = le. DDt '" Dc e 

~'t: ~ 
These equations state that the time rate of decrease 

ofD.O. saturation de~icit in absence o~ B.O.D. is proportional 

to the saturation defici~. 
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The net time rate of ohange in D.O. saturation 

defioit in a stream has bean formulated as the sum of the 

aboya basic processes 

and 
:~ = ft, ( LQ - y) - k:t D 

(3-') 

where Da. D.O. saturation deficit at time t.o 

Dt - D.O. saturation deficit at time t 

La ~ ooncentration of organic matter at time t.o 

IS. and K2 - time rate constants 

This formulation defines D.O. saturation deficit at 

any time t downstream from the waste discharge point, and is 

the D.O. sag curve equation. 

The critical values of Dt and tlow time tare 

reaehed at the sag point of the eurve, where; 

and 

Dc: :; LOo k:1. 
~ 

- /(. te 
e. 

tc = ~2-tfJ lt1 f Z~[I- (:,2.L~I(,)DQJ} (3-2.) 

The equations (3-1) and (3-2) are called the Streeter-Phelps 

tormulations (18). This equation also indicates that 

al when La approaches intinity, te approaches its 

maximum value of t. 

b) tc approaches the maximum value of tn irrespective of Da 

when La approaehes infinity, and 

c) tc reaohes the maximum valuetn when Da = o. 

tm = ~ k'! - en k. 
k2.-~' 

l' 

L .. ~-

- 31 -

\~ 



o 

o 

The well-known equations outlined on the previous 

pages may be applied to the D.O. balanoe oaloulation ot a 

stream. W4ile the concentration ot organio substanoe and 

the'D.O. deticienoy at any seotion ot the river may be 

easily determlned, the time rate constants Kl and K2 may 

cause oertain dittioultles in assessing the degree ot 

pollution. 

Oonstant of Bloohem!cal Oxidation 

The time rate constant of biochemdcal oxidation oan 

be readily determined by incubating a river water sample at 

200 0. for a tlme ot 10 or more days. The daily measurements 

ot D.O. remalnlng in the B.O.D. bottle would provide the 

neoessary data for Kl oaloulation. 

Aotually, such inoubation represents statio condi-

tions ot the oxidation prooess, where all environmental 

factors are rigidly controlled. The river environment is 

dynamic, and a very oonsiderable ditterence in the aotual 

and laborator.y-derived constants Kl have been repeatedly 

observed. This ditterence in observations has lead to the 

introduotion of a bioohemicnl time rate ot oxidation oonstant 

ot the river, where 

k river f( 1 aboratory 

Aooording toEokenfelder (7) .the observed ditterenoes between 

the two oonstants may be due to ohanges in oxidation oaused 
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by the following faotors. 

a) Turbulenoe in the river, providing a much greater 

contact opportunity between the mioroorganisms and organic 

subatanoet 

b) Biologioal growth in the river in the form of 

plankton, algae, and baoterial growth on stones and rooky 

river bottom, 

c) 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 baoteria present, and 

e) Immediate oxygendemand and the distribution of 

the compounds with such a demande 

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 

c) Volatilization of deposited organics, with 

endproducts of 002 and OH4 , not requiring oxidation. 

Thus, the river water sample analysis and the 

analysis of the waste waters discharged into the river do not 
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provide comp1ete data for the eva1uation of dynamio re1atiàns 

actua11y existing in the stream. According1y, Liebman and 

Louoks (12) have proposed to modi~y the D.O. sag ourve 

introducing the to11owing assumptions. 

1) The remova1 of organic substances L with a detinite 

B.O.D. by adsorption and sedimentation is proportion41 to 

the amount of the substanoe present, or the remova1 is 

formu1ated by K3x L, 

2) The rate of addition of'B.O.D. trom bentha1 s1udge 

1ayer, and the over1and runo~t is oonstant ~or a given stream 

t1ow, P=const. 

3) The rates of remova1 of oxygen by bentha1 demand and 

p1ant respiration, and the rates ot addition ot oXygen by 

photosynthesis prooesses of a1gae are oonstant tor a given 

stream tlow, A:const. 

The previous basic equations oan now be 

rewritten as fo11ows 

and 

ao.: k r L -kaO -A 
h-

l!::: .: - (l't, +1f3> L + P 
d"t 

where K3. sedimentation-adsorption rate oonstant 

A : either oxygen production or rëduction, mglr:./'day. 

P : B.O .D. addition rate due to runo~~ .and soour, mg/L/day. 

The moditied D.O. sag ourve expression can be given as to11ows. 
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It should be noted that due to experimental 

difficulties the rate factor K3 has been determined in 

a very few cases only, and using approximations to relate 

the static and dynamic conditions. The same oonsideratio na 

apply also tothe faotors A and P. 

In an actual river survey, the river time rate 

faotor oan be calculated when the ~ounts of oxidatizable 

substances are measured at two survey stations. When these 

amounts are La. upstream station, and Lb- downstream 

station, and the flow time between the stations is t 

Reaeration Constant K2 

The theoretical der1vations of the reaeration 

coefficient K2 are based on Henry's Law conoerning solubility 

of gases, and ~ick's Law of hydrodiffusion. 

Introducing the two-film oonoept, 
Jm __ J..' AD 
Jë - 1\, 

The above expression states that the time rate of mass 

transfer by diffusion is direotly proportional to the 11quid 

film ooeffioient Ki, the area A through which the diffusion 

takes place, and the saturation detioit D in the film. 

In the terms ot oxygen transfer 
,)D = IrL D -J~ 

where ~. time rate ot oxygen transter, and 

D - D.O. saturation detioienoy 
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The previous equation ia directly applicable to 

the conditions of an absolutely quiescent body of surface 

waters. It neceasarily follows that the effeots of 

turbulenoe and mi~ing of the saturated surface film must 

be con sidered. 

A mathematical relation of such mi~ing and 

turbulence was first formulated by Phelps(15) and later 

put into a graphical form by Velz (20) (21). The correspond-

ing reaeration equat10n ia given below. 
. 1( _91c-1.t'tc )J 

D= 100 - rC./-.Qs.) Je 8Ioo6(e- "'!iL-- -+ e _ -+ o' 0 0 

L' 100 , ZS 

where D = final D.O. content as % of saturation per mix, 

~= 1~tial average D.O. content as% of saturation, 

It. = TT f. e&. .t; 
+L.2. 

where t = time of e~posure, hours, 

L • depth of water in oentimeters 

a • diffusion coefficient determined e~perimentally, 

and a function of water temperature. 

In 1958, OtOonnor and Dobb1ns (14) formulated the rate of 

surface renewal, r, as follows 
r:: V , 

where v • velocity gradient 

U • average stream flow veloc1ty, and 

l • m1~ing length 

II ; 

average depth of • stream, feet, 

S = average slope of river channel, ft~/ft. 

U=BV Ros 
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and when the Chesy coefficient B is larger than 17, isotropic 

~low conditions exist, while for B less than 17, non-isotropie, 

turbulent flow govarns. Accordingly, for isotropie turbulence 

of a stream with no shear stressev and negligible veloc1ty 

gradient 

k z 
o.~ = +80 DI. 

H 1.2S' 

s 

and for non-isotropic, turbulent flow conditions, 

When the necessary data is collected in a river 

survey, a direct raaeration coefficient K2 calculation can 

be made. 

Assume that observations have been made at: 

stations A B 

B.O.D. of oxidizable organics La 

Average L = LA + LB 
2 

D.O. deficit, % of saturation Da 

Average D = DA .,. Da 
2 

Di~ference of saturation deficit, rJ.D .:: 0" - 08 

40 Us1ng a Streeter-Phelps formulation, 1f2 = k r 1-
o 2.3 ~ tD 
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Calculat10ns of D.O. Sage 

When a river pollution survey is oonducted, the 

planning of sampling program depends on the method chosen 

for further data prooessing. 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-

conauming oalculat1ons so that oomputera are frequently 

resorted to in order to fac1l1tate the required calculat1ons. 

In this connect1on, 1t should be noted that computer programs 

must be writtan and whlle a number of programa already exist, 

they are not read11y available for aIl the methods promulgated 

for sag calculations. 

The basic methods successfully applied may be 

di~ctissed as follows: 

a) Streeter~Phelps method 

This method 1s the oldest of aag ourve formulations 

ava1lable, and it has been desoribed on the previous pages. 

It 1s used by seve1'al Water Resources Commissions for evaluat-

ing the exist1ng and permfssible degrees of pollution, and 

Purdy (16)desoribes the application of Streeter-Phelpa 

formulation by theWater Besources Commission of Michigan. 

The time rate constants Kr and K2 are caloulated 

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 ourve 
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equation is connected with tria1-and-error ca1cu1ations, 

and repeated corrections, so that computers are usua11y 

emp10yed. 

b) Fair' s formulation 

Fair (8) in h1s derivat10ns introduced a rate 

of se1f-purificationf, where f = /(z. 

kr 

The po11ut10na1 10ad,La 1s formu1ated by the b10chemica1 

oxidation rate constant Kr. self-purification constant f t 

the oritioa1 D.O. saturation def1cit Dc~ and the initial 

D.O. saturation deficit Da. 

A set of genera1izedf values is provided, and 

us1ng the nomograph constructed the a110wab1e 10ad1ng of a 

stream may be easi1y derived. Simi1ar1y, the critica1 

deficit and crit1ca1 f10w time for any po11utiona1 10ad may 

be assessed by the use of th1s nomograph. 

This method may be considered as' very he1pfu1 

in pre1im1nary assessment of poi1ution with a minimum of 

fie1dwork required. 

c) Thomas method 

Thomas (19) recognized that the use of 
, 

Streeter~Phe1ps formulation for practioa1 applications 

requ1res tedious tria1-and-error procedures. He deve10ped 

a simp1ifioation of the above formulation, and devised a 

nomograph for a direct der1vation of the defic1t D at any 

downstream distance. 
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From the field survey data obtained at the stations, 

the value ot Kr, K2, Laand Damust be oaloul~ted, as indioated 

in previous discussions, using the Streeter-Phelps tormulation. 

Deriving the values Da/La' K2/Kr' a~d K2t l the nomograph is 

entered and D/La read. so that deficlt D can be immediately 

calculated. Nemerow (13) states that the Thomas nomograph 

has provided convenient, accurate, and time-saving method in 

many practical applications. The Thomas nomograph 1a shown 

in (l!'1.gure Il). 

d) Churchill method 

Ohurchill (5) made a detailed analysis ot the 

Streeter-Phelps formulation and tound that the D.O. sag oocurr-

ing in a-stream depends primarily on the tollowing 3 factors: 

B.O.D., river water temperature, and river tlow. 

The application ot the least square method (S) 

lad to the tormulation ot line ot regression, and the D~O. 

sag could be predloted for any B.O.D. load applied. 

USing this formulation, there is no need to 

calouiate the flow time t between stations, and the caloula-

tion ot the time rate constants has been eliminated as weIl. 

°Further investigations by Simmons (17) showed 

that a good correlation o~ the above variables will be obtained 

if the stream samples are collected when one ot the variables 

has reached a minimum or maximum oondition. Thus, samples can 

be conveniently obtalned at low stream disoharges, or at high 

water temperatures. 
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Another advantage ot th1s purely stat1st1cal 

approach to the sag ourve equnt10n 1a the ralat1vely l1m1ted 

number ot samples to be obta1ned. 

Field surveys were conducted by Simmons (1?) to 

evaluate the number ot observations required to obtain 

aocurate results. The data are given in Table No. 4 below. 

TABLE' 4 

OBSERVED AND CALCULATED D.O. DROP 

Observed Deviations Observed Calculated 
D.O. Drop Thre,e Four !l'ive 

mg/l Samples Samp1es Samples 

2.3 0.73 0.36 0.52 

3.7 -0.32 -0.42 -0.26 

5.2 -0.39 0.24 -0.10 

1.1 10.93 -0.13 0.45 

1.8 7,.42 1.17 -0.60 

Comparat1 ve resu1 ta were obta,ined using 6 or 24 

observations, and 58% ot the time the deviations were less 

using 6 than using 24 observations. 

,Simmons concluded that in order to obtain practical 

and dependable results, only a maximum of 6 samp1es were 

required. Additional samples may add some small degree ot 

ret1nement to the results, but the ret1nement probably would 

not ottset the ettort expended in the plann1ng, collect1ng, 
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and analysing the samples and calculating the results. 

The basic data required for an application of 

Churchill's method are as follows. 

y = D.O. drop between survey stations, mg/le 

X1= B.O.D. at sag point, or the station with a 

higher B.O.D., ·~g/l. 

X2= river water temperature at the sag station, 

Centigrade, and 

X3= flow in cts at the sag point station, or the 

station with a higher B.O.D. 

The correlation equatio~s are based on the principle 

ot least squares, and are fo rmulated as t,'lllows. 

r '= il. + b, X, + b 2. X 2. + b3 X 3 

&, i Xia +b2~X,X2.+ b 3 ~X.X3'= ~ X,\" 

b, l X,X t + b2. ~ X/"+ b 3 i X Z.X3 -=! X 2. Y 

h, i )(,x-s'" 02 i .xzX, +b3fx 32. .:: € X3 y 

Using the observed Y,Xl , X2 ' and X3 values, the 

correlation coefficients a,bl ,b2 , and b 3 for each river 

stretoh can be calculated. 

Slight modification of these multi-linear correla­

tion equations can be used for calculating the B.O.D. load 

produced at the sag point in relation to a new stream load-

ing or waste d1scharges at any upstream point. 
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Nemerow (13) used this method and states that the 

method predicts with an acceptable degree ot acouracy the 

oocurrence and values of D.C. the sag point. 
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CHAPTER IV 

A N A L y. SIS o F SAM P LES 

The samples of River water were eollected 

at grid points for various conditions of River flow, and 

more than five hundred samples were taken in aIl. There 

were three basic methods avail6.ble t 0 determine the 

dissolved oxygen, D.O. at each grid point. 

1. Portable galvanie eell oxygen analyser 

2. Portable J"arrel-Ash oxygen analyser 

3. Titration by Winkler method' (2) 

In the preliminary D.O. tests mentioned in 

Ohapter II, the drop in D.O. oontent between stations was 

in the order of 0.2 mg/l or less, exeept at two specifie 

locations, namely, Beloeil and st. Jean. The necessity of 

repetitive sampling was reeognized as weIl as the eontrolled 

analysis of these samples if statistically dependable results 

were to be obtained. The D.O. present in the River could be 

determined in the field as in the preliminary survey, but 

the five-day B.O.D. oould only be determined in the laboratory. 

~rom the results of the preliminary survey, a total flow 

time from St. Jean to St. Oharles was determined to be about 

six days, depending on theR1ver diseharge. The change in 

D.O. oontent for the sarne River stretch was determined to be 
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about 10%'during the six-day tlow time. A change trom 

85% to 75% D.O. saturation at the usual temperatures was 

less than 1 mg/le The tive-dayB.O.D. values were inherently 

small for 'the Richelieu River, and an accurate method ot 

analysis had to be adopted. 

At each grid point two identical samples were taken, 

using an air-tight cantà1ner with two 300 ml B.O.D. bott1es. 

The sampler was equipped with a remote control air release 

d'evice which would ad.J.r,i t Ri ver water into the bottle only 

when the requireddepth had been reached. The samp1er is 

shown in (Figure 12). This insured that two idem ioa1 samples 

were taken from the chosen grid point. These samples were 

then kept sideby side during transportation to the laboratory • 

One was immediately analysed for D.O., and the other 1noubated 

for rive days at200 C., in arder to determine B.0.D. 5 • In 

the Appendix A the.bottle numbers are given as sampled trom 

their respective grid points in each cross seotion. The top 

number refera to the sample analysed immediately for D.O., 

and the bottom number refers to the sample analysed for D.O. 

tive'days later. 

It was also recognized that the bott1e immediately 

ana1ysed for D.O. does not retlect the actual oondition due 

to transportation time trom the Biver to the laboratory and 

due to exposure to possibly h1gher than the River water 

tempe ratures while in transit. The main pu~ose of colleot1ng 
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FIGURE 12 

CHAIN FOR HANDLING 

RUBBER AIR RELEASE TUBE 

!IF=~=i!z::z:::I:!z:z::I=#==ftr--R E MO V A BLE CO VER 

FIG 12 5 A M P LE R 

3ïa COPPER TUBI NG 

B. O. D· BOT T·L ESC A PA C 1 T Y 

300 ML EACH 
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these samples was to obtain accurate B.0.D. 5 values. The 

D.O. level at any station was determined separately by on 

location analysis. 

en a normal sampling day six cases ot twenty-tour 

bottles were collected. Thetime required to collect 144 

samples, transpo rt them to the laboratory and analyse them, 

was usually 12 to 15 hours. Inorder to subject eaoh sample 

toequal exposure time between sampling and analysis, the 

analysis ot each sample was done in the collection order. 

Since the time taken to obtain a sample was withina tew 

minutes ot the tlme required to analyse it, each sample 

had identical times ot exposure to elevated temperatures in 

translt.lnthe laboratory one ot the two ldentical samples 

was lmmedlately analysed tor DoO., and the second sample was 

placed in an incub,ator t 0 be analysed tor D.O. ti ve days 

later. Oare was taken to analyse B.O.D. 5 samples in the 

order they had been placed in the incubator to insure equal 

incubation times. This procedure accomplished the tollowing: 

'. 1) Each sample had equal exposure time to possibly 

higher than the River water temperature during the overall 

sampling per.iod, transportation, and analysing time. It 

was also noted that the River water temperature averaged 21°0., 

while 1noubator temperature was 200 0., and the 1ndoor 

laboratory temperature was w1thin 20 0. ot the outdoor tempera­

ture because the building 1s not air-cond1tioned. 
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2) Each sample had equal incubation time. 

The reasons for adhering to the above procedurea 

were the following. 

1) The portable D.O. analysera were sensitive to 

vibration and handling in transportation. In the analysis 

for B.O.D. , the change in' D.O. was sometimes in the order 

of 0.2 mg/le It waa noted that in transporting the D.O. 

analyser to the River the instrument's calibration would 
+ . , 

vary by - 0.1 mg/l which accounted for 50% of the D~O. 

drop to be deter.mined. Under'laboratory conditions, however, 

the calibration of the analyaera could be held to t 0.02 or 

10% of the smallest reading, and 2% of the larger readings. 

The deter.mination of the D.O. level in the Biver by " on 

location" analysis gave a variance of 0.1 mg/1 which 

accounted for only 1.35% of the total D.O. value since the 

averaee D.O. value in the River was 7.4 mg/i at 20°C., or 

an 80% saturation. 

2) The oxygen analysera were sensitive to any 

trace of oil on the River surtace. In lowering the electrode, 

which wou1d have to be done about 72 t1mes a day, oil film 

was picked up by the teflon tilm ot the probe~ resulting in 

an incorrect reading. Cleaning the tetlon tilm meant a 

re-calibration involving at least 4 houra of laboratory time. 

Collecting the samples trom below the water surface by using 

the sampler obviated the oil contamination problem. While 

.' ,. 

~ 
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using the D.O. analyser in the River, the electrode was 

lowered into the River once at each station. In this case, 

the probe was protected by a sponge-rubber jacket saturated 

with distilled water, and this protective jacket was removed 

below the water surface. This procedure, while time consum-

ing, was feasible once per station, but could not be repeated 

72 times during a sampling periode 

3) Regardless of how the D.O. level was determined, 

the B.O .D. 5 sample was inev1 tably exposed to condi t1 ons of 

transportation, the effect of wh1ch could not be accurately 

determ1ned. Furthermore, the immedate determinat10n of D.O. 

in the field using the oxygen analyser and the collection of 

the comparative sample for B .. O.B. analysis in the laboratory 

wou Id haVe given une quaI incubat ion times. 

The results obtained using th1s sampling procedure 

are shown in Appendix A, and 

1) The B.O.D. of a sample ot wat.er was determined 

accurately tor a rive day incubation period, 

2) The laboratory D.O. values were lowe~ than those 

observed in the Riv,er during the preliminary survey. 

3) The effect ot transporting samples to the 

laboratory could not be directly evaluated, and 

4) The samples were comparable because ot their being 

oollected in the same manner. 

The analyses ot samp11ng data tor the sag curve 
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calculations were made using Ohurchill and Buckingham's (5) 

method of multi-linear correlation, discussed in Ohapter III. 

In th 18 app ro ach, the change 1n D.O. between stations of a 

river 18 a function of river flow, temperature, and B.O.D. 

only. 

Since it wae not known what conditions a river 

is subjected to between stations, either in reaeration or 

deoxygenation, the dissolved oxygen readings taken " on 

location" gave only relative concentrations of D.O. in the 

River. Similarly, it is not known what ettect transporting 

the samples to the laboratory had on deoxygenation, except 

that samples trom each station were exposed to the same time 

lag and temperature variations. Renee, the sampling method 

used for B.O.D. determination is equivalent to analys1ng 

samples taken at two stations under like conditions of flow, 

tempe rature and pollutional load. The drop in DoO. concentra­

tion expresaed as % saturati on would be proportional to that 

in the River even though the Interim time lag or temperature 

variations are not known. 

Ooncerning the B.0.D0 5 value, it may be stated that 

the samples were 1ncubated for exactl·y five days, but whether 

or not the analysis was done tive or f1ve-and-a-halt days 

atter collection 1s not important in the application ot the 

correlation theory. 

In view ot the above considerat1ons the actual levels 

. 
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of D.O. in the River were established by immediate analyses 

of D.O. in the field. The D.O. drop was determined in the 

laboratory and related to the actual field obse rvations. 

The oxygen sag curves obtained by this method 

of analysis are shown in Chapter VIII. 

. .., 

Ci 
1 
1 

- 52 - ~ 



( 

(; 

CHAPTER V 

D.O. DIS TRI BUT ION 

ON THE RIVER C ROS S SECTION 

The general theoretical derivations concern1ng 

the hydrodiffusion of dissolved oxygen (D.O.) are based on 

the theory that the concentration of oxygen below the 

two-film layer is constant, within a river depth, as discusaed 

in Chapter III. A literature survey indicated that only 

a very few and scattered data exista concerning the actual 

D.O. distribution on a r1ver cross section. While it 1a 

generally indic ated that a semple of river water at about 

the middle of a river, one or two feet below the flow 

surface, would supply the D.O. data required, no supporting 

investigations have been made concerning this generalized 

assumption. 

In ord~r to obtain the actual distribution of 

D.O. on a river cross section, sampling grid was established 

to experimentally verify the aetual D.O. distribution as a 

funct10n of the hydrologie reg1me and other purely phys1cal 

factors. 

The D.O. values thus observed at ths points of 

the sampling grid were analysed by developing a eomputor 
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program. (See Append1x Cl. 

A stat1st1oal method of mult1-linear oorrelation 

was adopted for ~urther investigations. 

The River was separated into five general areas 

as shown below, (Figure 13). 

Area A 

Area B 

Area 0 

Area D 

· · 
· · 

D 

The nav1gable p art of the River 

The channel bottom 

The channel edge 

The shore area 

Area A B = E was oonsidered to be the effeotive 

flow ohannel of the River. The current meter survey showed 

this to contain 80 to 90% of the River flow. Samples taken 

from eaoh of the five areas were segregated and the correla-

tion program run for eaoh group. In aIl, eighty-nine aorrela-

tions on one hundred thlrty-five groupings were made. The 

resulting twenty-four pages of oomputer print-out are not 

enclosed here but all the oomputation material is available 
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at the Municipal Laboratory of McGill University. '(22). 

A:brief illustration of the procedure and 

results may be given as follows. The diffarence between 

D.O~ drop calculated and observed was taken as the sample 

deviation, and tabulated as percent difference from the 

calculated D.O. drop value. Hor eaoh area of the cross 

seotion a cumulative frequencydistribution graph (Figure 14) 

was co.nstructed of percent of total samples versus peroent 

deviation, in accordanoe with Àitken (1) and Bowker (4). 

The probability of less than a speclfied percent 

deviatlon for a given area la shown in Table (5). 

TABLE' 5 

SAMPLE DEVIATION PROBABILITY IN EACH AREA 

~ Area 52! 10~ 291 50~ 75~ 

A .47 .65 ~76 .86 .95 
. , 

E .30 .40 .62 .80 .88 

B ~17 .26 .40 .67 .80 

0 .10 .24 e35 .60 ~70 
: 

D .05 .20 .30 .52 .65 

'It should be noted that the oalculation of the 

deviations isbased on the change in D.O. between stations, 

and as mentioned in Ohapter IV this'd1fference is in the 

i 
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order of 0.2 mg/L per station. The maxim~ observed 

ditterence anywhere in the'River from St. Jean to st. Charles 

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

0.9 mg/le At the 95% confidence l1m1t the dissolved oxygen 

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

+ ' 0 or D.O. - 0.15 mg/le At 20 O. th1s was only .tli.. or 1.62% 
9.20 

of saturat10n value. The .average saturation value of the 

River was 80%, and the sample dev1at1on would then be about 

t 2% at the 95% èonf1dence limit for'samples taken in Area A. 

It may be concluded that the order of confidence 

of the samp11ng procedure was the h1ghest in the area A 

represent1ng mid-channel and mid-depth. The shallow portions 

along the River banks,Area D,'had the lowest confidence limite 
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CHAPTER VI 

o N S li 0 R E POL LUT ION A LLO A D 

While the present conditions ot the Richelieu 

River were readily determined by direct measurement ot 

dissolved oxygen concentration st each station, the tut~re 

conditions could not be pred1cted without a comprehensive 

study ot the present and tuture pollutional sources. Major 

pollutional souroes were indicated by the change in D.O. 

concentration in the River such as at St. ~ean and Iberville 

where a total population ot 37,000 produced a 10% decrease 

in the River D.O. ooncentration. The locations ot major 

sewer out~alls are given in (Fi~~res 15, 16, 17, 18). 

Sources ot pollution such as St. Charles with 

a population ot 200 were oonsidered as minor having a 

contributing pollutional load ot 5.4% ot that ot St. ~ean 

and Iberville, or an expected ettect on the River D.O. 

conoentration ot 0.54%. The pollutional load1ng trom major 

sources was measured by collecting oomposite samples at the 

sewer outtalls, while minor domestio waste souroes were 

established in terms ot equivalent populations. The pollutional 

sources investigated covered in the "on shore pollutional load" 

survey were as tollows. 

a) Towns and Villages 
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Dlscharge 
Points· 

FIGURE 17 

CANADIAN INDUSTRIES, Ltd. 

Town of McMastervl11e. 

il- th 3rd2nd 1 st. 

Ji Ji Ji Jl 

-------- ~-----------
Riviere Richelieu 

FIGURE 11 
WAS1'E WATER SAMPLING LOCATIONS 

RICHELIEU VILLAGE 

--: ---
~ Riv1ere Richelieu - --- -- -.---------~-- ------
~ ~._--.--
.~ 
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b) Scattered houses a~ong the River banks 

c) Industries 

d) Tr1butaries, and 

e) TheBiche~ieu River above St. ~ean 

al Towns and V1~~ages 

A twenty-tour hour composite samp~e was taken 

at the outta~~ ot the major sewers in each town th~ had a 

sewer system. The ~arge towns, such as Ibèrvi~~e and 

st. ~ean, were samp~ed twice tor check1ng purposes. The 

quantity ot waste water discharged at each sewer outta~~ 

was ca~culated by estimating the proportion ot the popula-

tion connected to the col~ector, and the water consumption 

ot that population on the samp~ing date. (Tab~e 6). The 

composite samp~e was kept ice-packed until it was ana~ysed 

tor B.O.D. content. The data ot these analyses is given in 

Appendix 8. 

For tuture population torecasts, the avai~able 

population data tor each town was obtained and the expeoted 

tuture populat1on calculated by the curvi~1near method, 

employ1ng a twenty year torecast periode (22). 

The po~lutional load trom towns and villages 

not having a sewer system, was est1mated on the basis ot the 

popu~at1on using O.~7 ~bs. ot oxygen Icapital day. Where 

there were no records ot popu~ation ava1lab~e, a door-to-door 
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TABLE 6 

POPULATION AND WATER OONSUMPTION 

Imperial Gallons 

Town Population i965 Avg. Water Oonsumption 

St. J'ean 28,500 5,000,000 

-Iberville 8,500 675,000 

l!'ori)-,.. Ohambly 5,500 266,000 

Ohambly 6,000 595,000 

:Richelieu 1,487 150,000 

St. Bruno 10,250 1,230,000 

St.' Bàsile 3,000 243,000 

McMasterville 2,100 97,000 

Beloeil 9,600 125,000 

Otterburn Park 3,200 83,500 

St. Hilaire 3,139 252,000 

() 
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survey was conducted. The population forecast in these 

towns was assumed to be proportional to the closest 

neighbouring town with population records. It was 

recognized that the accuracy of this type of survey was 

low, but the pollutional contribution of these towns is 

small. 

b) Scattered Houses ~ong the River Banks 

Houses located along the River banks were 

counted and the summer population datermined by direct 

count during the weekends in July, 1964. 

c) Industries 

The Oanadian Industries, Limited, plant at 

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.O. level in the River. The major dis-

charge points ot waste water at O.I.L. were sampled obtain-

ing a composite sample over a twenty-tour hour per1od, and 

checked twice on successive dates. The results are given in 

Appendix 8. The dis charge ot each sewer outlet~as ~eter-

mined trom measured cross-sectional area and tlow velocity 

considerations. 

A composite sample of St. Hilaire Beet Sugar 

Retinery 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 during the 

summer months ia nil as the beet suger refining season 

occurs in the late fall and early winter months. For this 

reason, the contr1buting pollutional load of this plant 

was omitted in the subsequent sag ourve caloulations. 

The waste waters from Bennett, Limited, at 

Fort Chambly are included in the Fort Chambly waste analysis. 

The waste waters from the »avid Lord Cannery 

have an indirect effect on the River. Because of the loca­

tion of the shlp canal at St. Jean, some of the pollUtional 

load flows into the canal and some into the River channel. 

The effect on each wa.s determined by separate investigations. 

The effect on the River of the Chlcken Cannery 

at st. Jean~Baptiste-de~Roueville, located twelve miles 

inland on the Hùron River, is discussed under·'tributaries· 

below. 

Industrial expansion was considered to be 

proportional to population growth in neighbouring towns. 

d) Tributaries 

The Huron River'discharges intoChàmbly Basin. 

TheB.O.D. of the Huron. River water was determined and the 

volume disoharge mètered. 

'The ship oanal from St. ~ean to'Ohambly discharges 

into dhambly Basin. The B.O.D. of the canal water was deter­

mined and the volume discharge calculated from the volume of 
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water in a look and the number of lock openings per day. 

The B.O.D.samples were taken on a day when there was no 

water discharging from the canal via the spillway at 

Fort Ohambly. 

The L'Acadie or·Little Montreal River discharges 

into the Richelieu River at the outlet to Chambly Basin. 

The volume dis charge of this river was metered and samples 

for B.O.D.'taken. 

The Grand River discharges into the Richelieu 

River at Isle aux Cerfs. TheB.O.D. and volume discharge 

were obtained as in the other rivers. 

e) The Richelieu River 

At St. iean, station 25, extensive sampling was 

done to determine the initial B.O~D. of the River stretch 

above st. ~ean. The dissolved oxygen concentration was 

also deter.mined at St. ~ean and Lake Champlain, and the 

difference was less than 0.1 mg/le 

This chapter deals with the method of determin-

1ng various sources of pollution and the types of pollutional 

loads evaluated. The data collected in the "on shore 

pollutional load" survey cannot be included in th1s report 

due to its bulk. In the follow1ng chapters a sample calcula­

tion is g1ven and the results of aIl the data tabulated. 
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CRAPTER VII 

RATE CON S TAN T 

o F BIO C li E M ICA L REA C T ION 

The basio purpose of any river pollution survey 

is to determine the waste reoeiving oapaoity of it, and to 

prediot the dissolved oxygen levels whioh may result depend-

ing on waste load and hydrologio regime variations of the 

river. This essentially is a prediotion of the river's 

performanoe in the terms of the self-purification influenoes 

whioh must be based on analysie of oollected eamples. The 

analysis of the samples supplies information oonoerning the 

drop Y in the dissolved oxygen from station to station 

along the surveyed river strètoh. This D.O. drop is the 

result of interaction of two oomponents - the deoxygenation 

of water due to exerted bioohemioal oxygen demand and in 

the reaeration of the river. While the deoxygenation rate 

can be predioted with a considerable accuraoy, the reaeration 

time rate varies greatly from seotion to seotion of the river. 

Consequently, any multi-linear correlation of variables 

affecting the D.O. drop in the river water must be based on 

a latent value of Kr' appearing indireotly in the oorrelation 

faotors. 

It was mentioned in the previous chapter that the 
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actual Kr cannot be deter.mined with any aocuracy under the 

static laboratory conditions of rigldly controlled environ-

ment. 

The true disposal influences in the river are 

eliminated by incubating a sample in an air-tight B.O.D. 

bottle, and the Kr values obtained correspond to static 

river conditions, not eAlsting in nature. Nevertheless, a 

certain anal ogy can be drawn and applied between the dynamic 

and statio conditions. 

Consider a sample of river water incubated at 

the standard 200 C., and a slug of river water moving down-

stream in a river, In the laboratory the initial D.O. 

content, its subsequent drop each day and the temperature 
, , ' 

are' reco rded. Similarly, the D.O. content" D.O. drop, 

temperature variations, and river flow on each 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.O. can be calculated by the Churchill (5)method 

discussed in Chapter III where 

y • D.O. t _l - D~O·t 

Xl = the'D.O. measured eaoh day 

X2= the tempe rature variations measured 

%3; the relation between D.O. t and D.O. o expressed 

as D.Oot/D.O. o 
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The usual observation data would show that Y, Xl' and X3 

will give decreasing values, with only a slight variation 

in;X2· 

Applyingthe multi-linear correlation theory, 

the data of 23 composite waste dis charge 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 wri tten so that once the observed 

data was key-punohed into the computer, "the computer i tself 

would punch a data set for any oorrelation desired. 

The oorrelated data, for aIl major waste dis­

charges into the Riohelieu'River was piotted. For discussion 

purposes the KI value analysis of the wastes discharged by 

the 8 ft. diameter ~ackwood collector of the Town of St. ~ean 

was chosen. The observed and "computed data for the"~aokw~od 

8' oollector is given in Table (7) below where Y .da11y 

c~ange in' B~O .D. 

TABLE 7 

OBSERVED AND COMPUTED DATA - ~.ACKWOOD COLLECTOR 

Y observed Y computed Y oomputed 
Time from observed from oorrelated B~O.D. 

" Days data data oum. 

0 0 0 

l 220 220 

2 35 51.9 53.6 273.6 

3 69 43.5 43.8 320.4 
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TABLE 7 (eontinued) 

QBSERVED AND COMPUTED DATA - J.ACKWOOD COLLECTOR 

.y observed .y eomputed 'y eCIlÎlputed 
,Time f'rom observed f'rom eorrelated 'B.O ~D. 
Day-s data data cuma 

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. f'rom the second to the tenth day-

is shown in (Figure 19). 'The three curves represent; the 

daily ehange in B.O~D., Y observed; Y computed by- the multi­

linear corrélation theory-; and Y computed by- the multi-linear 

correlation theory- having f'irst correlated the observed values 

.0' . of' T 0, D.O.t/D.O. o and D.O. The computer results of' the f'ive 

\, 

oorrelations are shown on the sUbsequènt pages where; Y computed 

represents B.O.D., D~O.t/D.O.o' T, D.O., computed f'rom observed 

data.ln'the~inal correlation Y computed is caleulated using 

aIl eorrelated data. 

As can be seen f'romTable (7) the f'irst day B.O.D. 

of' 220 mg/l was omitted f'rom the correlation proeess. Binee 

most of' the sewersanalysed contained some industrial waste, 

- 71 -

c, 

/ ,:", / 





I-:-=----"'-~· ========== ,'.,-.' •• ·-.c· .... c~-=-~"' . " ........ =.-.. ::: .. :;::-~;:;:.:;::. =========;:=====";"':':'-""'-~d 
1 

.. ( ) 

" - ~ 

o 

" '-

',-, 

c 

v. 

. , 
. . '. ..~ .. ,_ ,.".,. - '_.' ~ .• _ .... _~_~ .. _. ___ •• " --'0'.'---' ___ ... _" ••. , 

,11 :: 3 .: 5 G 7 fi DIOl 2. 3 4 ~ G 7 n 9 0 1 2. 3 "._ 5,6 7 n 9 0 1 2. 3 4 5 G 7 ,8 !) 0 1 2 3 4 5 G 7 6 !) 0.1 .2 3 '~f 5 6 7 .s:. 9 O. 1 .2.3 .. ~ .. S G .. 7, .8.9 O. 1,2 3 .~ 
, .. '.' /: :) 6 ~ i 

, !: o '. _ ... _ ............ __ .... _ ... ,1 

1 

2 

, . .-

1 POL~UTIONIOF:~ICHEL EU R1VER . 

JACKVlO~D 8 ,J, COLLE~rl'OR 

81 =.. S::a::
N
. ::r~-·~·.·9~~--~·~··~· .-=;~;.~:~ 

:L~~~10)j~lO~~ôc~·~;p~:::;1~~~~~(~~:~i~~~:E~. 
28 • 8 20 0) 7 . ~'" (1) ';t ~ " 5 .5";1IH 9 

3 

4 DATE 060765 

5 

6 

2209 20 .. 6 4046 6.9 4 .. 3i>66 . 
20 0) 4 2 O. 6 3 • 8 6· .. ····_-j • 8-- .- "'--'-"-'-'--4.1 n 3 ... -

17.0 20 .. 5 ~._.3035, ... _ ..... _ ...... ? .. o .. 9. ___ . _ ... __ ._ .. ~_. 3 •. 4 _59. ___ '1 
13 .. 5 21 0 5 2.65 2 .. 9 1.9f.l86 , 
11,,2 21 00 2.20 . ___ ..... 3.._.6_~ ... __ .... ___ .. _ ... 2,o0i194 .... _:1 
10 0 1 21.3 1 .. 97 1.,4 1.61)08 

9, .. 5 21,,1 1 .. 87 'Ol8 1.7b68· 
9 • :2 2 1 Ol 2 . .... . f. 8 ?-··---·.·~r .. -· ... --.---- 1 $5 1525 "" 

7 

'. 8 

9 

10 

11 

12 
; . DATE 06'0765 

13 

14 1: :, .:' 

15 

16 :, < 

17 

18 • ! 

19 

20 .. ' 

21 DATE 060765 

22 

23 DO mg/lx101' DOt/DOox10 2 BOD ~8'Jl TOC TO.;:.!C~_ 
28 0 8 56 0 5 Ol ::; 5 . ~ U 0 7 . 20.5 -, l 

.2209 44 .. 8 069 20 0 6 20.6)22 
-"-' ._. -_.' -""---20'0"4"" .- ....... _· .. ·_ .. "38 '0"3 ... _~- ...... _~w-·---·.·38 .'-" ·----2'O-~ 6----- -_ .... '0;-.. ·'"20;"6 ~45-"--'~; 

1 7 $ 0 3 3 • 5 Ol 29 20 0 5 . . 20 $ 9 j -, 9: 
.. ''13'05 26 Ol 5 . ~ 29--- ~-··-21-. 5-----' -"'-" _. 21.0 '50 --.~ 

.11.2 22 Ol 0 036' 21100.. 21.0')76 

24 

25 

26 
10.'1 - ,19107' -".14'"'' --.. 21" .. 3""-"'·' '-"'''-- 21~1';79' -

27 9.5 18 .. 7 .08 21 .. 1 21.2)82 
.. . 9 • 2' - 1 8 .' 2 :. -~ 0.3 .. ' .... -2 1 ~ 2---- . ._. .- 2 1 • 2 9 8' .1 

28 " •. a •• ___ • ..,' 

29 ... -- - ,7-3, 1-- ...... - ......... ·_ .. 0 .. -~.---.... _-.. -.--.'- ~ .. _--: 1 

30 9............ ...... ...!. .......... J ............... r~ ... _ •.. _ .. • __ .. ___ ? __ . __ .. ___ .... 6 .... _ ........ __ ... __ 1 

~~~~~~~~~90:~ .. P U~~.:.9 () 1.2.3 4.S ... G .• ?.8.!l O. 1.2 .. 34:~.~_7 .. 8 ... 9 .O .. I=:~3~~ .. S~:~.? :~~~-= .. 2~..3_~~~~~~~.!:~8~ 9...!..~2~.J ... 'L~!!.~~ .<LL,U-l
1 

/ .. 



ü 

le 

.". .. ..." 
( 

',--

\..-

o 

o 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

.... ,- r 
, 2-34.5-67 O-g 0' 2345 G-7 8 910' 2--345''; 7 C 9 0-' 2 J 45'; 7 fi 9~0 , 2345'6-73-90-' i 34~:5-6-7--:a--9O:ï~ 3'::ï:"SG:;-c-!i 0:I'2:i-:: 

_ _ - ~ 6 

- ,POLLUTiON OF RICHEL' EU RIVER .. - -- -. -. --.. -- - - - -----

·c 

JACKWO,OD 8' COLLECTOR ---- .. --.----.--... -
ST. JEAN, . QUEt ---.--.- --- ---------T-·--c----

DAT-E:~:;6:-- ~~==--x .-. ~- --~ m:, _ ~2l[= X'" 4: ~g~4- 83--- ---- ;-161 B -- __ 1 

. 1 X/.. _., 1 .' y y ("Cv" PI rI' El: 
.... _. 

TOC 
20 .. 7 

-20.,6 
20 .. 6 

-20,,5 
21 .. 5 

- .. 21 .. 0 

21..3 
21 .. 1 
21.2 

DOtlnoox10' 2-BODmg/l DO mg/lx1 0,..2 - DO mg- lx~0-2 . 

5605 ~35 28 3 28 9148 

~~:~ :~~ ._~~_::_~= -_~~~~~ .. ~_.i~:~ ~~. _~' 
33 0 5 .,29 17,,0 17.2 59 . 
26 0 5 ,,29 13,,5 13~4 38 
22" 0 .. 3 6 11 " 2 . -.- -----.- 11. 3 b 3 6-'- ---
19 0 7 .14 10,,1 10"Ob71 ".1 

1 B. 7 .. 08 .. ----"9 ~':r'- - .---- - '; ,,5 1)44 --:i 
18.2 _ ... "1 9;?_. ____ 2..,,_2 .. __ .. ______ 9 .. ~ p8? ... T 

, 
. -. - -,"'--'-'" :.-': ._- . ---- .. """;".-:.--;.-:..- .---: .--':-- . :-:- '_.-::.-:-1 

14 ' ~ : .. , ' ... 

15 

16 

17 

18 

28,,9 20.6 5,,61 51 .. 9 53,,6V72 ï 
23 .. 1 20 .. 6 4,,45 43 .. 6· 43 .. 8~59 Il 
19 .. 7 20 0 73~ 97-'- - '---4Y~ 4-- -.- ------·-38.5 >48'- '~i 

19 17 .. 3 20.9 . 3,,30 34 0 8 31 .. 3 03 
13

0
5 21.0' .... - .--- .. -"Z-o 6·5---- ------1.9-0'7 .. ··-···· ----··-·--24 .. 7 b35 

20 

21 1.. 

11.3 21,,1 2.18 20,,8 19 0 8>02 
10" O· 21 .. 2 1" 98 - -'-r 6-~3--"--··'----··-f7.1 ~1 0-'.-: 
9.6 21 .. 2 1.86 17,,1 16.1~82 '. 
cj .. 3 21 .. 2' 1. 81 15-~Ç·- - .. - .. ----_.~ 15~-7 pO 2'-'--' 

22 

23 -----. --~-.----.- ·------~i 
24 ;. 

~ .. --~ _. -_.- .. _---. --_ .. _--------_. ------. , 
25 ,o. _ .~ ____ . _____ . _____ .... _ .• __ •• _~_ 

26 ---

27 

2B: 

/ ... 



( 

() 

the possibility of an immediate oxygen demand (I.O.D.) 

was recognized. The time rate constant for the 1mmediate 

oxygen demand ia significantly different from the bioahemical 

oxidat1on -rate and by using data from the seoond to tenth 

day better oorrelations were obtained. The cumulative B.O.D. 

was calculated by summing the daily B.O.D. changes including 

the first day B.O.D. Th1s summation is the B.O.D. at any 

time t. A plot of B.O.D. versus the log of time ia shown 

in (Figure 20). The immediate oxygen demand does not affect 

the shape of the curve but its plot pos1tion only. In this 

way a better value for the time rate constant of biochem1cal 

ox1dat1on i6 obtainable. 

In the u6ual B.O.D. determinations, D.O. versus 

time is plotted on sem1-1og paper, the D.O. ia plotted on 

the log scala and time on the linear scale. 

Reversing this process, the B.O.D. 1a plotted 

on the linear scale, while the time 1s plotted on the log 

scale. Th1s plot 1s shown in (Figure 20). 

The KLab and Krivervalues may show considerab1e 

deviations, the causes of which were outlined in Ohapter III. 

OonsequentlY, the plot of B.O.D. versus log of time does not 

show a straight line relation during the early days of 

incubat ion. 

Plott1ng log of B.O.D. versus the log of t1me, 

the B.O.D~ exerted during the early days of incubat ion is 
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better defined, and a much closer correlation obtained, as 

shown in (Figure 21). 

From (Figure 20) it can be se en that the line 

of best fit intersecta the time axis at 0.27 days, indicating 

that the monomolecular reaction has this t1me lag. As 

mentioned previously, the early stages of biochem1oal reaction 

are better defined by a log-log plot as shown in (Figure 21). 

The value of 0.27 days in (Figure 21) has a value of 145 mg/le 

The immediate oxygen demand was then determined as having a 

B.O.D. of 145 mg/l at 0.27 days. 

The application of the multi-linear correlation 

theory, on the observed data obtained in the analysis of 

sewage samples, produoed the results of B.O.D. at time t 

as shown in Table (7). The computed data was conB1derably 

less irregular than the observed data, and, therefore, it 

was used for further calculat1ons. 

Klein (11) illustrated the Thomas c3thod of 

calculating the time rate constant of biochemical ox1dat1on 

and the ultimate B.O.D. using the input data of B.O.D. at 

time t. 

The KI value and B.O.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 ~ethod used involved 69 graphs and 3S pages 

of computer print-out. The data oannot be enclosed due to its 

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

RESULTS OF Sl!lWAGE ANALYSIS 
Lag 

B.O.D. ult. I.O.D. time 
Town and Collector Kl mg/1 mg/1 Days 

st. Jean 96" Jackwood .120 730 145 .27 

30" Champlain .17 565 127 .18 

Ibervi11e 54" .10 275 42 1.4 

30" .12 240 31 .7 

18" .15 330 60 1.4 

Fort Chambly 30" .19 658 180 .25 

Chambly Twin 24" .28 415 89 1.0 

Richelieu 36" .18 430 25 .17 

St. Bruno, St. Basile .18 119 25 .50 

C.I.L. lst discharge .18 135 23 .90 

2nd discharge .28 116 26 .10 

3rd discharge .20 112 26 1.0 

4th discharge .28 85 19 .20 

McMastervi11e 54" .20 168 45 .10 

Beloeil 36" .18 430 25 .17 

St. Hilaire 30" .24 200 60 .15 

Beet Sugar Refinery .16 135 23 1.0 

() 
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CHAPTER VIII 

o x y G E N .s li. G CURVES 

The data collected and analysed as 

described in Ohapters II, VI and VII can now be used to 

calculate the effect of the poœlutional load on the River 

both at present and in the future. The physical River 

parameters, including the hydrologie regime were established 

as weIl 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 deoxygenation 

coefficient can be determined in the laboratory but the 

reaerat10n coefficient was more difficult to establish. 

Velz (20, 21) proposed separate evaluation of 

reaeration and deoxygenation coefficients and a subsequent 

combination of the t'VIO in the solution of the Streeter -

Phelps (18) equation. 

Phelps proposed a graphical solution to Fick's 

Law of hydrodiffusion and Velz was able to express the relation-

ship as follows. 

fi 
~I( 

D = 100 - (1- iL } X 8/,06(e 
100 
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where D = tinal D.O. content (av~rage tor the depth 

as % of saturation/mix) 

B = initial average D.O. as % of saturation 

K • ,,2a.t 
4L 2. 

t = time of exposure in hours 

L = depth of water in centimeters 

e. :: diftusion coetticient for a specitic tempe rature 

The above variables can be determined easily except tor t, 

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 teet. A linear relationship exists for stream depths 

less than 3 teet. Gannon and Downs gave the equation in the 

torm 01' a computer program, and have developed a pro gram for 

D.O. sag curve calculations. They have also shown that the 

calculated D.O. sag curve satisfaetorily deseribes a river 

such as the Willamette River in Oregon, with a discharge of 

3800 cfs. The Richelieu River is quite similar to the 

Willamette, having a normal summer discharge 01' 3000 to 

4000 cfs. 

Fortunately, Gannon and Downs have been able to 

express th e oxygen sag curve :I,n a ma the mat ieal torm 1'0 r which 

a computer program could be written and have eliminated the 

graphical approaeh to the temperature corrections, reaeration 

coefticient, and time 01' exposure. The,y have also determined 
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the oonstants required to convert the no rmal physical river 

parameters, such as c.f.s., miles between stations, areas 

in sq. ft., and others, into the corresponding units of 

measure given in the Velz (20,21) formulation. 

Although the oomputer program developed by 

Gannon and Downs (9) oould not be used, their approaoh 

could be appl1ed to write, compile and execute the program 

inoluded in the Appendix C. This oomputer program was 

written for the Honeywell H 200 oomputer with a oore memory 

of l6K. 

For execution of the program aIl that is required 

is one card for general river conditions and one oard for 

each of the stations in the river, as shown in (Figure 22). 

Computer Program Parameters 

The portion of the stream under study was 

partitioned into n. seotions, as in the diagram. 

--------t ...... direotion ot s~am tloVl 

The tollowing information was needed as input data tor the 

oomputer. 

Pj = distanoe tram point j to the mouth of the River in 

miles, 0 ~ j ~ n 
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o ~ ~ Tj:temperature in C at point j, 1 - j - n 

Vj = volume of water between the points j-l and j (in 

millions of V.S. gallons) for ~ ~ j ~ n 
,tr:.' 

Dj= average depth in feet for the section included between 

pointa j-l and j for 1 ~ j ~ n 

Qj= the runoff past the point j (in cfs) 1 ~ j ~ n 

5
j

: the "aludge" (in population equivalents) at the point 

j,l~j~n 

IDj= amount of Immediate oxygen demand at the point j (in 

population equivalents) where 1 ~ j ~ n 

Lj = amount of oxygen required ta oxidize the organic 

wastea (in population equivalents) introduced at 

point j which doee not require oxygen immedlately 

1 ~ j ~ n 

x : that percentage of the oxygen saturation value whlch 

is actually realized in the stream at Po 

y : iD1tial waste load (in population equivalents) 

introduoed at the initial point P where the analysie 

begins 

K = the time rate constant of bioohemical" oxldation 

The parameters were determined as follows. 

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

was determined from the data in Chapter II and is given 

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

refers to the number of sections that the River was 

divided into. Ohambly Basin was divided by three more 
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hypothetioal stations at the inlet, middle, end outlet 

res~ectively. This was done to evaluate the effect of 

Chambly Basin on reaeration and the pollutional effect 

of the Huron River whioh discharges near the mid point 

of the Chambly Basin shore line. Thère was no station 

markers established for these stations and therefore 

there are no oorresponding station numbers. 

TABLE 9 

STATION IDENTIFICATION BY MILEPOINT 

Station No. Milepoint No. of ITEll Location 

25 55.77 above St. J"ean 

24 53.92 1 

23 51.64 2 

22 4~.74 3 

2l. 48.88 4 Fryers Island 

20 55.26 5 Richel.ieu-Chambly 
Bridge 

44.05 6 Inlet Chambly Basin 

43.25 7 Mlddle Chambly Basin 

42.44 8 Outlet Chambl.y Basin 

l.9 4l..8l 9 

18 40.86 10 

17 39.92 11 

16 38.97 12 

15 38.03 13 
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'l'ABLE 9 ( continued) 

STATl:ON IDENTIFICATION BY MILEPOINT 

Station No. Mi1apoint No. of ITER Location 

14 37.09 14 above C.I.L. 

13 36.14 15 

12 35.15 t6 Beloeil 

Il 34.25 17 

10 33.34 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 

Tj - The temperatures of the River water were determined 

by field measurement at the time of samp1ing (22). 

Vj - The volume of the inc1uded water between two consecu­

tive stations was ca1cu1ated for each flow condition 

from the data obta1ned in t he hydrologie regime f'ltudies (22). 

Dj - The average depth was deter.mined from data obtained in 

Chapter II (22). 
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Qj - The River flow at each station was deter.mined from 

the data given in the preliminary survey (22). 

5 j - The ultimate B.O.D. was determined by the Thomas 

method given in Chapter VII and the method of 

segregating the immediate oxygen demand, (I.O.D.) 

from the total B.O.D. was discussed. B.O.D. total 

minus the I.O.D. was considered to be the oxygen 

requirement of the organic wastes undergoing bio-

chemical oxidation in the form of suspended and 

settleable organie matter. Phelps (15), Fair and 

Geyar (8), and Klein (11) agree that about 35% of 

the B.O.D. of domestic sewage is attributable to 

sludge. The exact proportion between B.O.D. sus-

pended and B.O .D. settl/~able was not the governing 

factor in this calcul. a tion. The approximat e value 

for sludge was required to evaluate the effectiveness 

of treatment 0 f wastes in the ten and twenty year 

foreeasts of the River condition. 

IDj- The immediate oxygen demand was dàtermined as given 

in Ohapter VII. 

Lj - The total B.O.D. minus sludge and immediate oxygen 

demand was considered to be the B.O.D. of the organie 

wastes carried in suspension. 

The above are the parameters needed for each station 

card in the computer data deck. The oaleulations are 
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quite ,extensive and are not enclosed. They are on file at 

McGill (22). The computer data listings are given in 

Tables (10, Il, 12). 

The single data card required to describe the 

River as a whole had the following parameters. 

No. = The number of iterations or sections analysed = 27 

and was constant for aIl 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 results in 

Table (13). 

TABLE 13 

DISSOLVED OXYGEN CONCENTRATION AT STATION 25 

Flow cfs D.O. % Saturation y 

3660 86.0 39,000 

3400 85.7 38,000 

3000 85.0 40,500 

2470 84. 42,000 

y = The initial waste 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 

calculatlon purposes the pollutional loads from 
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sewer outfalls were considered to be constant during 

the sampling periode An initial pollutional load 

y was therefore taken to be 40,000 in population 

equivalents. 

K = The t1me rate constant of biochemical ox1dation. 

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 descr1be the observed D.O. concentra­

tions further downstream. While it was recognized that 

the K value was not constant throughout the whole River 

stretch, 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, Y and K values completed the 

input datarequ1red to run the computer program. 

A sample calculation of the pollutional load 

(in population equ1valents) for the ~ackwood Collector 

in St. Jean is given as follows. 

From the data obtained in Chapter VI the 

present population of St. ~ean was 28,500. A detailed 

sewer layout map (22) showed that 68% of this population 

was serviced by the ~ackwood Collector or a total 
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connected population of 19,400. Table (6) shows that the 

total population serviced in St. ~ean 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 day. 

In Chapter VII the ultimat e B.O.D. of the 

sewage in the ~ackwood Collector was determined as 730 mg/l 

with an immediate 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 lbs., or in lbs./capita/day =19,400 = 1.28. 

Gannon and Downs (9) in setting up the computer program for 

D.O. sag curve calculations have used 0.24 Ibs./capita/day as 

the unit population equivalent. This value was applied in 

the calculations and the resulting population equivalent for 

1.28 
the ~ackwood Collector was determined as -:2i x 19,400 = 103,460. 

The immediate oxygen demand from Chapter VII 

was 145 mg/l or ~~g x 103,460 = 20,500 in population equivalents. 

The remaining B.O.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.O.D., 1s sludge. The values of ID, L, S were thus determined 

in population equivalents as 20,500, 53,960 and 29,000 

respectively. 

S1milar calculations (22) were carr1ed out for 

the Champlain Collector in St. jean and the three major sewer 
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outfa11s in Ibervi11e. The summation of a11 the po11utiona1 

sources in terms of ID, Land S for St. jean and Ibervi11e 

are the values appearing at mi1epoint 53.92 in Tables (10, 

11, 12). 

It should be noted that in Tables (10, Il, 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 Table (3). Also, 

the computations were standardized at 200 C. for the purpose 

of comparing the observed values of D.O. concentration which 

were standardized to 200 C and the threo critical minimum 

Ri ver flows. 

Where large population equivalent ~igures are 

shown in Tables (10, 11,12), the value was determined for 

the River section or iteration number and includes all the 

contributing pollutional load within the River seotion. 

The smaller population equivalent figures 

represent the pollutional effect of the scattered housea 

along the aiver banks. As d1soussed in Chapter VI al1 

oontributing pollutional loads have been oonsidered and 

applied in the computer program. The computer program was 

run using the input data given in Tables (10, il, 12) and 

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

The method of Churchill and Buckingham (5) 

discussed in Chapter III and IV was used to calculate the 

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

considerable amount of calculation and Table (17) summarizes 

the caleulated results available in detail at McGill (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 200 C, is given in the Table. 

In Table (19) the dissolved oxygen values were 

determined by the Winkler method. Although samples were 

analysed in the laboratory the elapsed time from collection 

to analysis was less than two hours. Care was taken to 

keep the samples as cold 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. Sinee it 

was not possible to obtain samples during flow periods 

identical to the flow values used in the computer program, 

a correction was introduced to obtain the % saturation at 

a flow ot 3660 cfs. Table (13) shows an approximate 
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relationship of 1% increase in flow for each 600 cfs 

increase in flow. This relationsh1p was applied for 

corrections in D.O. when the difterence between basia 

flow and the des1red tlow ot 3660 was less than 300 cts. 

The tabulated values are given to the nearest i%. 
The results ot the computed D.O. 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 : 2% which was 

'determined previously as the 95% confidence limite The 

computed curve theretore described the actual conditions 

suttic1ently weIl and was used to calculate the oxygen 

sag curve tor tuture conditions of flow, pollutional load, 

and reduction in pollutional load by waste water treatment. 

In Chapter II the return period of the cri~ical 

one month drought flow was determined as 3000 cfs once in 

ten years and 2500 cts once in twenty years. River tlow 

data was previously established for 3000, and 2470 cfs and 

these values were used tor the ten and twenty year return 

periods respectively. The error introduced by using 

2470 cfs instead of 2500 cfs tor the twenty year return 

period was approximately 0.05% of the d1sso1ved oxygen 
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saturation value as determined from Table (13). Sinoe 

the increase in population and pollutional loading 1s a 

funetion of time, the critical conditions within the ten 

and tVlenty year return periods were evaluated fo r 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 

~ackwood Collector in St. ~ean. The results of these 

ealeulations 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 eonsidera-

t ions. 

Phelps (15) gives the efficiencies of primary 

treatment plants as: 50% reduction in B.O.D. of suspended 

organie wastes, 

30% reduction in B.O.D. of settleable 

organic wastes, and 

2 hours detention time in treatment. 

In the case of the ~ackwood Collector, the rôduetion 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 

caleulated in population equivalents and are given in 

Tables (21, 23). 

Phelps (15 )gi ves the gens raI ef'f'ieieneies 

of' saeondary treatment as f'ollows. Total removal of' IDj' 

70% removal of' Lj and 70~~ removal of' Sj. The ealculations 

are the same as bef'ore and the results are given in Table (24). 

Sinee it was not known what degree of' treat-

ment, if' any, would be provided f'or the tOVlns along the 

River the computer input data w.elte ealeulated assuming that 

all waste discharges would be treated similarly. The computer 

results of' the oxygen sag eurve 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 

17 to 15 

15 to 11 

11 to 9 

5 to 3 

21 to 20 

20 to 19 

19 to 18 

Basic f'low 

ef's 

2470 

2470 

2470 

2470 

3000 

3000 

3000 

y drop % Change in Sat. % 

-1 83 ta 82 

-6 82 to 76 

0 76 to 76 

1 76 to 77 

6 83 to 87 

-3 87 to 84 

-2 84 to 82 
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( continued) TABLE 17 

COMPUTED y DROP STATION TO STATION BY CHURCHILL METHOD 
: 
, . 

.Stations l3asic f10w J: drop % C;J1G.nge in Sato % 
,cfs 

16 to 14 3000 -1 81 to 80 

14 to 12 3000 -2 80 to 78 

12 to 10 3000 -2 78 to 76 

10 to 8 3000 0 76 to 76 

4 to 2 3000 4 76 to 80 

25 to 21 3660 -4 86 to 82 

20 to 12 3660 -6 86 to 80 

12 to 1 3660 0 80 to 80 

TABLE 18 

OBSERVED D.O. % SATURATION - OXYGEN ANALYSERS 

1 
Station Basic Flow D.O. % Sato D.O. % Sat. at Flow 3660 

1 

1 
1 
! 1 3580 78 78.5 
1 

1 

1 3670 80 80.0 

6 3670 79 78.5 

10 3670 79 78.5 
f 
1 12 3670 79 78.5 

l' 19 3660 85 85.0 i 
f 
~ 

r""""" 

r "\J 

1 
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TABLE 19 

D. O. % SATURATION - WJNKLER METHOD 

station Basic Flow D.O. % Sat. D.O. % Sato at Flow 3660 

25 3956 88 87 

24 3662 80 80 

22 3662 81 81 

20 3872 87 86.5 

19 3788 86.5 86 

19 3872 88.0 87 

17 3788 85.5 85 

17 3630 86 85 

- 103 -

- ---------------------- ---



() 

, 

1 

I~~' () 
1'-

! 1 :.. ..; .: :..0 ': -, ~ Ù 1 ;.,! ::. .: ~ U 1 .:; s 10 : :: J ~ ~ V i' ~ :::. l ,.... : ;.:. 3 .~ ~ Ü 7 ,: J ù 1 .:: :; .: :.,; ,~ '; ..:. 
1 ; 

1 2. .:;. .! ~ C -, 1..: !): \j j 2 ~ .~ :; li 7 n 
1 , 

1 

1 

O! 

, 

l , 

1 i 'l'ABL:~ 20. 
1 

1 

i , 
l ~}{- 'It * ·n· 1:' 1~ 7~ -A' -i~' )~ POlUn IONAl 

: 

lO:Ai) 
i 
1 

1 

i 2 

3, 

.! i 
5 

6 i~ 

i 
7! 

X 

83 0 00 
33<.>00 
83(000 
(33 0 00 
83,,00 
83000 
83,,00 

p 

:53 0 924 
s :51 063') 

L_,r.:;" 74 i t 

948 0 383 
4j025!.3 

10 '44 ,,053 
43 0 250 

i l :4~ 0443 
:410810 

~2LrU0863 

300917 
~ 3 :3 èl 0 971 

i38 0 025 
14 i3"1 0090 

;36" 1 ,,4 
15:35(0 !l-l-S! 

134-02'-,9 
16'3303,~_L •• 

3.2039<3 
i7 :31 oL,52 

300506 
13 '2 t:; 0 :;60 

280 L,2'-, 
19 :27 0 4"('13 

:2b05 L;·2 
2012:',,635 

!,240 700 
21 i 

221 
1 

! 
"') -:;0 .~ 

-~I 

! 

2 ,1 
~I 

i 
:25 

26 

27 

28 

29 

::'0 

60000" 
60UOO., 
60000 0 

60000 0 

600000 
60000 0 

60000 0 

1 T 
!22 0 5 
:22 0 1 
i22 0 (3 
21 0 :; 

i?2 5 
;- 0 

:z 1 0 0 
120.,0 
!J.9 0 5 
!19 Q l 
i1900 
:19 0 5 
i19 0::; 
p.9.,3 
119" l 
!, 9 0 i':' 0 

'lG,,') 
i19,,0 
il'J" 0 
'1 C)" 8 
19 o L" 

19 0 6 
19,,5 
19 0 5 
19 0 5 
19,,5 

9 0 7 
1 0 2 

K 

0,,10 
0,,20 
0030 

1 00 "CO 

1 
1 

0050 
0075 
1000 

1 

IV 
~:O? o~5 
oi,O 0::>0 
-/;34,,"-,7 
i'<:tl,,65 
8'09., 32 
1'200 
2"'0 
3i~O : 
2(150 
3'25010 
3:t rO 0 5 
3:30038 
3'00" 37 
2J3So30 
H32" 1 
1

1

66" C) 

2:62" 20 
3:35., 13 
3'340/,2 
3:33,,30 
2;138000 
3;79,,27 
L(.!38Q90 
3!13 0 42 
3;07,,87 
2:132000 
Z:8 9 0 1., 7 

i 

!]) 
; 

.:r 0:30 
L, () 60 
<) 0;1:; 
00\1 

.:, "Ù 
4,,0 
5,,'U 
,).,:0 
11:,,7 
90 '0 

11!,, 5 
10'" El 
8"ij 

30::"0 
5 o:i;-O 
Lio )5 
9 0 60 
12~u 2 
11!,,,3 
lO:~8 
') o;~ 
11:08 
10'" 6 
12:03 
11105 
'J Il R 

9:!L5 
1 

1 

1 

i 
i 

Q! 
1 

291\3,,87 
292:3., 9 7 
2'-)27.,92 
29::;0,,0 
2932", lit 
29/,,ü,,0 
3000" 
302:>00 
305'[ .. '" 2L, 

305,=>" 16 
3U5:Jo/';' 
305:7" 6 
30620 Lr2 
306;6 0 78 
3067" 2 /, 
306,<3",56 
j()6:9013 
3 G6',:) c' 7 L, 

3070050 
3072 0 95 
3073" 93 
3U7i~;" UO 
3 Ü '.1: 10:; 5 
30'):!.,,:"8 
3091 0 8:; 
309~"ao 
3096 0 29 

! 
1 

1 

1 

- 104 -

i , 

i 
1 

1 

i , 
1 LI 

1054;100 
510 ai 
630,,! 
770 0 : 

1 

2020i 
9975'0 0 

8350
1

" 

L:·150; 
1800'" 
8317io 
1119'20 
192 ,,: 
720 
5000;0 
L;-55050 
1700:00 
2100,0 
..'~·5 C) i 
550 0 

2 L,5) 
1200: 
12 L;·0: 
222 o~ 
1350'0 
250 0 1 

700 0 i 
3900: 

1 

1 
1 

si 
6366510 

0 0 i 

~: ! 
0 0 1 

9360 0 1 

~:20 01 

0 0 , 

0 0 
1 3000 0 

0 0 1 

g: 1 

44050:" 
10200,0 
9000 1 

00 
00 
0" 
0 0 

0 0 

00 
00 
0" 
0 0 

0 0 

1 

, 2. 3 4 Sil·' n 9 0 1 2. 3 -! .5 (j 7 .1 9! 0 1 2. 3 4 5 G ., ,n 9 0 1 : J 4 5 Ü 7 .[: !) 0 1 2. J .; 5 {) 7 U 

ID 
35560 
0 0 

0 0 
00 
00 
8909 0 
2680 0 
0 0 
0 0 

00 
6000 
00 
00 
0 0 
15020 
2!.l000 
1500 0 
0" 
0 0 
00 
00 
0" 
00 

0 0 

0 0 

0., 
0 0 

\ 2. 3 



o 

2 

0: 

7: 
j 

1 c: 

36o~0 

86o~0 

86,,50 
86.,:50 
86 0 ::>0 
;36,,:)0 
86 0 50 

'5 j 0 ') 2/;-

9510639 
,4<;0 o7 L;it 

104(;., 1383 
L,~., 25ü 

1 1 L, ',' " 0 5 3 
,!t3.,250 

12,42o/-t- Lt,:3 
'i.;10810 

13 '40 0 863 
!390911 

1.:3c. 0 971 
;3!J Q 02 ~ 

15 :3l., 090 
:300 1'i,L, 
, 

16;3~olLr() 

'340249 
i7 13:'o3 L;-oi­

'3<::,,393 
18 '3l 0 L,52 

3U 0 506 
19:2';/0560 

:200":,2'::; 

202/ 0 478 
~2b .0 542 

21 2~063:J 
24- 0 700 

22 i 

! 

i 
23 : 

1 

?, ' 
-~ 1 

1 

25 i 

26 

27 

23 

o " " s .; 7 " "10 , 2 3 " " .; " " "i" , ~ 3 :, " u " C ê'; 0 1 3 " :, S ,; " iO 0 D 1 ~ 3 .', ,; ,ô 7 " "! ~ , " " ,; " ,; 7 C 

1 !! i 

1 l, ~~'AJLE 2':: i 
, 1 ! 

i 
1 

1 - 0' 15! POlLU 1 IONt-ll lUi\D - 19- ; PtUHARY! ïRU,H1ENTI 

y 

300000 
! 300000 
1 30000" 
1 30000" 
i 3UOUCi~ 
1 30000 0 

1 30000 0 

1 T 
i?2 5 
i22: 1 
:22" 3 
:21" 5 
'22" :; 
121,,0 

i
2000 
119" :5 
il CJ 0 l 
11900 
[1905 
'19,,5 
[1903 
:19 0 1 
119,,0 
IUl09 
i19 0 0 
1 i19 ,,0 
!19., 8 
119 "L;_ 

:19,,6 
:19" 5 
i19 0 5 

1
1905 
,19" 5 
!19" 7 

1

2102 

i 

i 
i 

K 
0010 
0,,20 
0030 
Oo/rO 
0,,50 ! 
0075 ! 

1 

1000 1 

! 

i 
V :b 

! 

5~OO"R5 L:, 0:30 
6'!,6050 i;-o'::'O 

7i34047 ') 0 Il :; 
.z:~~ 1" 6 5 6 0::) 

8:09032 L:'oiU 

1:200 ",' o~O 
2;800 :i .,:0 

3 ,°0" i.) ~:O 
2150 lia 7 
3[25 0 10 9,,16 
3'4005 1,1 ,-

_ .!.:v :) 

3bO.,38 10'03 
3'00037 8 u::; 
2'135,,30 

1 

S 0'::>0 
1182.,1 5 O:L;, 0 
1!66 0 9 L, 01'15 
2;62020 9 0:60 
3135" ~ 8 12'02 
3'34., 42 11.,3 
3!33030 10',:,3 
2;88" 00 () oS 
3;79027 11!c' a 
4:3 i3 Q 90 10:., 6 
3

1
13042 12:" 3 

3:070 (37 11i" 5 
z!82000 ') 0!78 
i89047 9 0125 

------r--

1 

Q, 

291B 0 87 
292,3097 
2927,,92 
293000 , 

293'2014 
29~OoO 

300,0" 
302,:' '" 0 
3û5~, 0 2L; 

3055016 
305::>04 
305.7 0 6 
"'0 ':') "2 ~ 01'- o-y 

306'6078 
306:7 0 2'7 
3û6b056 
300,9 0 13 
306'9 0 74 
307;0050 
3G7,2" 95 
307:::'" 93 
307,3 0 80 
3ü'Ù055 
30910:'8 
3091085 
309~5 080 
309

1

6 029 

1 

1 

5266'00 
5100 1 

6300i 
77001 
2020: 
508-/:;0 
L, 1 7 5 10 

L:-15) 
1800[" 
43171

" 

56921 0 

1920 ' 
72 a : 
5000 1

", 

'178 5:S Q 

850010 
10501

0 

L,50 1 

550 °1 2L,50
1 

1200
1 12L, 0; 

2220
1 

8000! 
25001 
70001 
3900

1 

1 

1 

i 
1 

1 

1 

1 

1 

i 
1 

S 1 

4L;'660: 0 

00 j 

O ! 
<> : 

00 1 

0 0 i 
1 -,5 0 QI 

177001 
0., 1 

0 0 

00 1 

1 

21000( 
0 0 i 
0 0 1 

0" 1 

3t;-630:0 

71500

1

1 

6300 
0 0 1 
0", 1 

0", 

0" 
0" 
0" 
0 0 

0 0 

00 
0 0 

1 

1 

i 

1 

1 

i 

1 

i 

1 

ID 
23182 
00 
00 
00 
00 
59300 
25600 
Oc 
00 
00 
00 
00 
00 
00 
11980 
2200 0 
1200 0 

00 
00 
00 
0 0 

00 
00 
0 0 

00 
00 
00 

/, ' 

H --, -- r 

o 1 ::! :~!. 

• 

1 2. 3 



o 

o 
.c() 

.0 

o 

o 

o 

o 

o 

~o 
z 
o 

~o 
~ 

';I~a 
~ 

I~ 
~o 

i 
!O 
1 

1

0 

10 
10 
l, 

1 

:0 
1 

~~) 
o 
:'v:) 
:;;f-

--10' 
1 

'0 --'.-_." ....... - .. --.. _ .• ~ -- f _.~ -.... _. _:~_. __ .. ---- ._.--.... -._--:-. "-" ._-_ .. - .-.-------.... --"·-1 
1 

******* * PO LUTIONAL OAO - 198 - NO TRE TMENT 
2 

x 'y K 
3 .. ._-_.- ... - .-._-----~--- _.----_ .. ------_. ------ '.'--

77.00 100000. 0~10 
4 ... 77.00. 100000._._.0 .• 20":"'_ .• ___ ... _._ .... ___ . 1-----_ .. ----- ----

77.00 100000. 0.30 
5 .... 77.00._. 100000 •.. ___ 0 .• 40 .. __ . _. ___ ... __ ... _. __ ... _ .... ___ .. __ ._ .... ___ . _____ ._ 

77.00 100000. 0.50 
6 .. ~_.77.00_. 100000 .... ____ .0.75. ____ ... _._-'_ .. __ .... ____ .. ____ . ___ .. _. ________ ... __ 

77.00 100000. 1.00 
7 

p T v ID ._._--_ .... ~_ .. _ .... -_ ....... -- ... _ ..... s 8 __ . __ ..• _ _._ . ___ ... . __ _ 

53.924 22.5 93.0 4.20 .24 43350. 
951.639 _. __ 22.1 _____ 47.0 __ .4.5 _'_.' ___ 24 _.0._' ___ . __ . 

49.744 22.8 43.0 9.0 24 8.25 105. o. o. . .'. 
1048.880 . __ 21.5 __ ._241.0_' __ .6.5 _. ___ 24 0.0 __ .192 •.. __ 0. _______ .0. __ .. __ ~ 

45.258 22.5 -. 35. 4.0 24 1.80 508. .0. O. 1 

11 44.050 ... _. 21.0. __ 110 •. 0 __ "_ ... 4.0 _. __ 24 5 .• 30_ .. 144 00._1080 .•. __ 10280.. ' 

12 :~:!~~_.~~:~ t:~:_._._~_::: _: ._.~~ ~:. _.!~~. ~._._~.!.OO. . _~~OO·_~: .. _ .. I 
41.809 19.1 212. 11.5 25 3.30 300. o. O. ~ 

.. 1340.863- 19 .• 0 317 •. ___ '._ .. 9.35 __ ' _25 4.0.7 __ ... 11130 .• __ 0. _______ 0. __ ' .! 

39 .911 19 • 5 1 334. 2" 11.0 : 3 25 4.23 4 19320. . ~6 6 5 o. Q;. 
14 38.970: .. !_~.19 •. 5~~ 13 •. ~ .. 1 .3.!.2..:4_~J:...25 6.06~~.320 .• ~_'..3..1.~_0 •. ; ... a '.' ~1.0.E...?!.2. ~ 

38.025 19.3'. 240. 8.30. 25 6.46 120. O. O~. . 
15 37.09o __ 19.1 __ '_ ~3 .•. 0_....:.:"'7.65_._· _25 0.13 __ .800 .... _ .... _0 ..... ___ ._0 •..... _____ ( 

36.144 19.0' 153.' 4.55 25 0.51 592 5. 45253. 24152. . 
1635.149 __ .18.9 __ ' __ 156 ... ___ 4.47 . .;._. __ 25 1 •. 61 __ .33156_. __ 2036 .• __ .465.4 ..... __ . 

34.249 19.0 253. 9.3 25 2.09 361. 1050. 2333. 
17 33.344 ... __ 19.0 ___ ~ __ 328 •. __ ·_· __ .12.0 _____ .25 2.60 __ 75. __ ~ __ O •.. __ . __ . _0. __ ._. __ 

32.398 19.8' 23. 1 .9 25 4.90 920. O. O. 
18 31.452 .. ___ 19.4 ___ 22 .•. _"_' ___ 1 .• 2 _______ 25 5 •. ;3.0 __ .410 .• ____ 0. ___ . ___ O .• ~_ ... __ _ 

30.506 19.6 51. 11.6 .. 25 6.13 420. O. O. 
.1929.560 __ . 19.5. ____ 65 ... __ ~ __ 11.3.S.._· __ 25. 7.. .• 11 __ 2.10. ___ .:0 •.. _. ___ 0 .• __ - .. __ 1 

28.424 19.5 32. 1 .8 26 1.46 370. O.' O. 
'20 ? 7 • 478 _. ___ 19" 5 ___ ' _. 38 .• ..:.. __ : _.11.9----..;.:.._2.6 3.1.7 __ .. 190 L __ .O •. _____. ___ 0 .• ____ ~ __ 

26.542. 19.5'. 88. 1 .9 26 3.40 420. O. O. 
'.21 25.635 .. ___ . 1.9_ •. 1:. __ : "_. f,.1._~_Q_' ._~_. _. 9.. 2.~ 2_~. 6,.7..2_ .. U.1 .• ___ . 0 .• ___ ... _. __ 0 .• __ ..... __ 

24.100.': ?1.2 ':. 92.' c.·· 9.0 ~.: 26 7.13 650. O. O. . 
;l2 .:..._._ .... __ ._' _I_·~.,...--__ _ 

-;.....----.,...,....I-..;......~---·_.. ----

.' 
23 .. :..-._ .. .:.~~. ....:....-.---- 1 ______ .. .:.....-1--"-· -' _ 

. ." . ~~: ~ ,': 24 ... _ ... _ ... ______ ....:.:._:_'_1 _______ '--1_·_·_· "-"-'-' -_____ 1 -. ---_._("- _ .. _._--- ---
2S . . ~~. __ .' .... _'_._4 ___ . ____ I...,..._....;.:·~·:_,_;._ ... -":'-_~ ___ ~ _____ I_~-----__ -.-_-_--_ ... ----

26 . __ ..... _.;--;-.. _ .. __ . __________ _ --_ .. -"._.--

27 ._ ..... , ......... _._ .. __ .... _____ . _____ .:.... __ ~ _____ ._._._ .. ______ .. __ .... _____ .... _ .. __ ._'._. 

28 " __ '. __ ' __ " __ ' _____ ... ____ .. _,.--__ _ ---- ---_. __ ._ .•. ------" .. _.-. __ .. 
29 .. __ ..:..~;-~-.:.:~ .. _":" ___ . :_ .. ~_ .. ~_' _. :..:..~_-:- _+~ .. ;~~ .. _ . ..i_~_~ ~_._: ::-_,-_.:.-.. _ .. __ ._~ ___ . ___ .. _~ 

.. 30 :i:~2.T .• ?~'-ëei_~g 9"".IT3 ~~ii. 7 ._~. o~ :~ 3.....25";' 7,~~:.~-i';~ 3}ü.,.iü ]t'~~3 .45: 8~t8 9 ;-,~_~}i8 7 Ü o:.C2.._~p::i:?~T:9. ü:..qi: 



/ .. 

-sr 

~ 

0 

0 
o 

IZ·3~·56J:à.90~ï :~'3~Ù<:Ü O'ï:Ü~~5'.i i.~_9 0 1 Z ~.~ 56,7 8 9 O::I:Z'J~~·:~:.7'~'9 Ol'~-~~ 5~6'7à.9 O~IZ·3--4'56>:HOI~z:.3J 
o i 2 TABLg 23 4 :; 6 1 

_ .. _. ...... ""'-'''''' .----- --._. --. .. .. --_ ... _,.,_. " .... -_........ .. _. - ._. ---_. _.! 

********* .. _.PO UT IONAL... AD ... ~. 1.985 .. -.:. PRIMARY TREATMENT._. __ . ____ " ,,_ 

cC:) 2 X' --- y-" '-"---"'...-- "'K' .----- --.--.-~ .. ---.-- .------- . ---- .. ~--~--- .... -_._ .. __ . __ .-_ .. , 

3 .. 83.50. 50000._._ .. 0.10 ... ___ .:... .. ________ ._". __________ . _____ . ___ ._ .. ______ .. _ .. __ .. _ .. __ _ 
0 83.50 50000. 0.20 

4 .83.50 __ . 50000. __ .... 0.30 ____ ". __ .. _ .... _ .... ____________ . __ .. __ "_' ___ "_' _______ _ 
83.50 50000. 0.40 

0 5 83.50.' 50000. ___ ... 0.50 ____ ~ 
83.50 50000. 0.15 

0 
6 83.50 __ .50000. __ .1.0<1--_._ .. _____ ,_ .... _ ... _. __ ._ ....... --.-,-.-,- ... - ..... -------.-.. -----

7 P T _______ . . '! .. _____ . D._____ Q ...... __ . . S._ _-,-_". ID .. _. __ . 

0 
53.924 22.5 93.0 4.20 24 0.65 63615. 33995.28110. 

851.639._. ___ 22.1. ___ 47 •. 0_·_4.5 _ ... __ . __ .24 4.93. __ .. 850 .... ___ 0 •. __ .. __ .0. ____ _ 

1 

c 

1 0 
1 

49.744 22.8 43.0 9.0 ·24 8.25 105 .0. O. 
948.880._ 21.5 ___ 41.0 __ .. 6.5 ____ .24 0.0 ___ 192 • __ O •.. _~._.:....... __ O. ____ . __ _ 

45.258 22.5 35. 4.0 24 1.80 508. /" O. O. . 
1044.050. __ 21.0. ___ 110 •. 0_· ___ .. 4.0 _ .. __ 24 5.3.0_.70350._~15.50 .• __ 6820 •. __ _ 

43.250 20.0 190. 4.8 25 O. 5300. 2540. 3150. 
1142.443 ... __ 19 .• 5.:.. ___ 190 •. _____ .. 4.8 ___ ._.25 O •. _.690. ____ 0 •. _____ 0._._.:..._

1 
__ -1 

41.809 19.1 212. 11.5 25 3.30 3000. O. O. 

lêO 
!~ 
'= 10 :. 

~o 
Ë 

~ ~ O· 

110 ,. 

12 40.863 ___ .19.0. ___ 317 .•. ~· ___ 9.35 ... -.:.:...._25 4.07~ .. 5830. __ ~0 •.. ____ 0. ____ 
1 
__ -1 

13 ;::~~~ __ . ~~:~ __ . _3~~.:. __ Jl :~ ____ .~~ ::~~ __ ~~~~:_~._.6~~~: --g:----.---,l 
38.0.25 19.3 1 240. 2 8. 30 3 25 6.464120. SO. 0,:.. i 

14 31. 090! . ..'!....? 19 .1~2 ~3 .O~!. 7 • 65~~.2 58 0 .13L5,,80o. ... '2...:L~_0 .'.!: .. " ~~l 0 .~;_1.1_? '!..~ 
36.144 19.0 153. 4.55 .. , 25 0.51 29615. 3159. 33670.:l 

1535.149_18.9 156 •. ___ ,'-4.41 __ "_._25 1 .• 61~_.166 Q .• __ .1429 ... __ .31.0.0 .• _____ .J 
34.249 19~0 53. 9.3 25 2.09 1808. 135. 1870. 1 

.1633.344 __ 19.0 28.: ___ 1 .0_'_. ___ 25 2.,~0_:....J5. ___ 0._· __ ' __ 0.. ____ _ 
'. 32.398 19.8 23.' 1.9 25 4.90 920. O. O. 

17 31 .• 452 ___ 19.4~ __ 22 ..... ~ __ ._1 .2 .... __ 25 ~.30_ .... 410. __ ' ___ 0._ ~_.O. __ .. ___ : 
30..506 . 19.6 51. 11.6 25 6.13 420. O. O. 

0 

·0' 

18 29.560_ 19.5 65 .•. __ ' __ 1l.3.~ __ :.. ___ 25 7.11_ .... 210. ... __ .....:..._.:..0 •.. ____ 0. .• _____ _ 
'28.424 19.5 32·.·. 1.8' 26 1.46 370. O. O. 

19 27.478 ___ 19..5 3.8 ...... ___ .1 .9 __ ··_,~2(:, 3 .• 1.1...:.._120 •. __ .. _~O ..... __ . ___ .O .• ____ .. __ . 
26.542 19.5.. 88. 1 .9 26 3.40. ,420.· O. O. 

20 25.635~_. 19 • .7_"_' ,_._ 6.7 .•. Q_· __ 9..2.5 .. _ . ....::.. __ 2.6 6 • .7.2...:.......l1J. __ .O._~ ____ .0._. __ 
24.700. 21.2. 92. , 9.0 . 26 7.13 650.' O. o. • 

0 
21 ., 

----. --.... -.. ----;- ----, ----1------- - ... ----.- ----.--- ----... --------. 
22 .... ---- --------1------, -'-.--- ---' -- -_._-"'-_ ..... ---... _ ... __ .. _--

C 23 ___ . ___ ' __ ' ___ ~ _ _'_I -------- --------- '''---1 .. 

0 
24. __ .. ___ · ____ .,---~·I------ ----------1 --:---__ . _____ . _____ • ___ -_._ . ....:·'1 

25 '_' _______ ._" __ ._. ___ . .1 

. -------------.. ------- -,,--.----.. ·-----1 

1 
~ 

1 

.~ 

1:.0 .' ') : .-j ,;-r-:. 

.. ., 
26 --------.. ,,--.----- -----.-... ------.-.--... -. ·-----1 

. 1 

.. --.------- -.------ -.---... _--_ .... ------.----. ---- i 27 

-:::> 

... ~ 
... _._~ ..... _--



-sr 

~ 

0 

0 

C( ) 

c 

0 

0 

0 '. -

O' 

O· 

~o\ . 
0 

~o 
i,iC; 
1 

10 
0 

0 

0 

0 

0 

0 

~() -1 

::> 

--~ 
j 

"._.'_ .. _ ... _ ..... __ .... __ . __ . _ .. _ ... ______ ... _ .... _ .. ' ....... _ ... .... . .................................. "--' ...... -........................ -.. =1 
1.2.3456 7.~ 9 0.1 .. ~.3 .. 4.5 .. 6_7.a.9 O .. 1.2_.3.~_5 .. lL!.I!.9 0 12.3.4 .. 5.67890.123.4.5.6.7.890.1.2.3.4.567.8.9 0.1.2 3 ... 4.5 .6 .. 7.1! .. 9 0 .. 12.3. 

o . 1 2 3 4 5 6 
o ..... - .. -.......... ---.-... - ... - " .. -... _.--........ ···· .. TABLE .. · 24 .... -- .. - .................. _ .... _ .... . 

2 

3 .x ._ ..... y ........ _ .. _._.K....:_._ .... :....::... __ .. __ ..... _ ... ______ ... _____ .. __ . ___ ."" .. ___ ._ .. ___ . __ 
86.50 30000. 0~10 

4 .. 86.50_ ._.30000._ .. _.0 •. 20. ____ . __ ... _. ______ ._ .. __ ._ . .:.._ .. ''' __ ''_'' __ ''_'' . ___ ... _._". __ ,. "_"_ 
86.50 30000. 0.30 . 

S .. 86.50 . .:.._30000. __ 0.40. ___ .. __ ,, ___ . __ .. ___ ". __ . __ ........ _._ .... _ ... _ .. _ .. _ ..... _____ .... __ 
86.50 30000. 0.50 

6 .86.50_ ...... 30000._ ._0.75 __ . _ _ ._ .. _._.- ...... -...... __ ._._" .. _ ._ ... ___ . __ ... _ .... __ ,"' __ - ... __ . 
86.50 30000. 1.00' 

7 ..... P .-.-. ··TV·-·----D .. -._-.. -. Q. .- ....... ----.. ·L .-----. -S·------- I·D---

8 3.924 .. _ .. _ 22.5. ____ 4~3.0 __ · 4. 0_._ .... _.2460.65 __ 3826 • __ .... _14702._ ... _ .. 0._ .. '------JI! 
1.639 22.1 6f+7.0 4.5 246 .93 850. . O. O.' 1 

9 9.744._ 22.8 ____ 7143 •. 0 ___ .9410 ____ .2468.25_._1050 •. __ .:....:...0 •. -.-. ___ .. O.~' __ -j 
8.880 21 .• 5 2141.0 6.5 2470.0 1920. O. O. 'I! 

10 ~:~;g ~f:g'-'-'~ig:'à---'::g ·_-~·_~:~;:~g .. ---~~:6-.--·~2·50~--.. _· g:--.--~ 
11 3.250 __ .20.0 ___ 1190 •. ___ .4.8 ____ .2500 ..... _3180. ____ 960 •. _ . __ .0.-. ___ ---1 

2.443 19.5 1190. 4.8 2550. 690. O. O. 
12 1.809_._ 19.1_. __ 212 ... ___ 11.5_. __ 2573.30_3000. ____ 0 .... __ _0. ___ __ ' 

0.863 19.0 317. 9.35 257 .07 3530. .0. O. 1 

1339.917 _._ 19.5 ___ 3134._. __ ._11.0. ____ .2574.23_.6020. ___ .2000 .• __ . 0. ___ --, 

14 ~::~·~~:.~O t~:~~~~~_~~~~:.~_425~~~~i~32-}5 r. ~;~::~:.:!~ i~g: <)_,.2L~~g:.7 .~_,'.~!_~g~:~o ~,~~ 
7.090 19.1 2163.0 7. 5 2580.13 8000. O. O. .!, 

IS 36.144._.19,,0 ___ 153 __ . ___ .(0+.55 ___ .. 2580.51_ .. 18725 .• _. __ 1358.0. ___ 0.__ _ ' 
.35.149 18.9 156. 4. 7 2581.61 1000. 6000. O. 

16 34.249 __ 19.·0 ___ .253 •. ____ 9.3 ____ .2582.09_ ... 108.0 ..... ___ 300 •.. _ . . 0. ___ . 
33.344 19.0 328. 12.0 2582.60 75. O. O. 

17 32.398 ___ . 19.8 __ · __ 32.3. ____ .10.9 .. _____ 258 .90_.,,920 •. __ . __ 0 •. _ . ___ 0. __ . 
31.452 19.4 322. 10.2 2585.30 . 410. O. O. 

18 30.506 .. _ .. 19.6 ___ .351 .• __ .. 11. 6 .. __ ~_2 58 6.1.3 __ .42 O .• ___ 0 .• _ . .....:. ___ 0. __ 
29.560 19.5 365.' 11.35 .• 2587.71 210. . O. o. li 

19 28.424 __ 19.5 ____ 432 .•. ___ .10.8 ____ .-2601 .• 46-... 3.70 •. ___ '0 •. __ ... __ ... 0. __ .__ : 
27.478 19.5 238. 11.9 2603.17 1020.' O. O.· 

202b.542 __ 19 •. 5 __ ' ...:_GCS .•. ___ 1 .9_._.2603.~.O_~20 .• __ . 0. ______ 0. ___ -----, 
25.635. 19.7' 267.0 9.25 26 6.72 117. O. ' O. 1 

:: 2~~:~21.2--·-.-2i2. 9_.0 ____ 21> ~U J,~J):_ .. _0=-=_0: __ ~ ] 
ï 

23 ... __ .... _ .. _ .. 1 ________ 1 _______ -~ __ -_---__ . 
r. ---------.. ---I .. -":!....J 

1 

24 . __ ... _____ 1..,-..;..,...._. __ -------. -.....,..---,:_' ___ 1 _____ -------- -.------ ---

2S _ .. --........ _- ·--·-·---·1--___ · 1-----1-------.-.. -------------- .,.-._-
26 ... _ ........ _ .... ____ . ___ 1 ______ • __ . __ _ ....;;....---_ ... _-----_. ------_ .. ---
27 ........ _ ........ __ .... ___ . _ .. ____ '- _______ .... ________ .. _. ______ ._" .. ___________ .... _. 

28 •. ' . . : ._ ...... : ..... -_._. _._---- ,,----- -----_. --;----- --, ._._------- _._------_ .... _----
l: 

29 .... --.-------. -' --. -. --_. -:-,---. ....:.- ---=-11re- ~.-._.-:----- -'--.--:--'-- '-. -----.- .. "-~i 
30 ___ .. _0 __ ... __ . __ . _.l __ ._~_._~._~.~._· _. __ :_3 __ . __ . ___ ~_._ .. ...1 ____ ....... _,:, __ P. . __ ._ .. __ . ____ 9. __ . __ . , ___ . ...J 

1 .. 2-3.4-~.1!. . .,_~~~ ~_J...U~!!..U.8_11 1}...!_L3.~_!:II_11 .9...U .. U.JU.2...!U~ .O_..!..!..L~ •. ~~~_~ .Q.!3_.:!."~~".LU~~.\~.~ .. ~..L8-.~ ~.~_.~_=!..\ 

/ . 



.. 
." 

~ 

0 '[ l'Z 3".~ 6 7'.89 ci 12'3 .. sil 789012'3 (5'0.'7"8:9 o. l1A'l31.fu6 ;'~5 0:12 3.C·S 67'090123 4_5 ~ 7890 1 '2'3" S 67090.12' 3 ". 

o 1 2 ~ 4 ~ 6 1 

0 
o OXYGEt\ PR FI LEOF.R 1 CHELI EU RI VER.._ 1915 NOTREATME ' 

1 NUMBER OF. STATIONS -21.-. -,' 

ct ) 2 . NORMAL _VALUE .. OF P CENt .. QXY EN .SATURA ION .. _ ... __ 83.00 ...... _ .. _ . ____ .. ____ .. 
INITIAL WASTE LOA AT PO 6 000.00 

3 BOO AMO TIZA.IION_.R tE ___ .. _ .20 .. __ ... ____ ._._ ... __ .. __ .... _ ... _ ... __ . ___ .. _." ..... _ ... _ ... _ .. 
0 

4 ____ .... . .. 0. ___ • ___ • __ • __ .... _ _ 

0 S 0'_'" _. ." • __ .. _ •. _... ~ ..... ,.___ _ _. ___ • __ • __ .. ______ -, ••• ____ . __ ..• __ • _____ • __ , 

NO. OF . MiLEPOINT . PE CENT TRUE PERC NT 

0 

0 

6 . __ .. ITERe... ___ .:--__ . __ .. __ -.SAI RATION __ '_ .. SATURATI N. _______ ~ ____________ --. ____ -:; 
. .:'.' i 

. 7 ._:.. ___ .~ 1. ____ ~_~.53.92.-· _. _. _~ ...... __ 16.11. ____ ..;.. ___ .11.33 ______ . __ . ______ . _. ____ \ 
2 . 51. 4 . 15.41' . 15.47 ~ . . : 

8 __ .. ___ .3 ____ .49. 4. .. .15.33 __ . ___ 15.33.___ ____ ._ .... __ . 
4 48.88 16.03 76.03 

0 
9 ___ ... _ .. 5 ____ ._"_.45.26. 83.42._~ _____ 83.42 ... ___ _ 

6 44. 5 82.60 81.15 _:! 
10 .... _____ ..... 7 __ . ___ ~ __ 43.25. . .. 80.82 ... __ .. ~ __ 80.41~ ____ 1 ___ ' __ ~ 

--'--·--1 

8 42. 4 81.19 81.1 o. Il ._ .. __ 9_ .. __ ._ .. 41.81.. .80.86 ____ ._. _____ 80.8 ______ 1 ___________ _ 

10 40. 6 80.60 80.6 

0 
12. __ ._._._11 ______ .39. 2 _79.95 ___ .. __ 79.8 -----If------- ___ _ 

12 38. 7 19.62 79.62 
13 ___ .. 13 .38. 3_ .19.7.1 ______ ._~79.71 _______ · __ ~ __ 

0 
o 14 1 31. 9 2 19.8~ .,;79.8 5 6 

14 ''''!''''! . .!.'.15.~~ 2...!..2..:.3~ 36.14 ... 2 3456 70 ~ 16.34~_~ 74.9 ~..'...l..~~U!.2.L'..~~~? ~ 
16 35.15 74.84 74.5 

O' 
IS ____ .. _ .. 17._. ____ .. 34. 5 _ 74.42 ___ ' .' _74.2 _ .. _____ _ ____ . ____ _ 

. 18 . 33. 4 73.93 73'.9 , 

0 

'16 _. __ ... ~ .. _ .. 19 _______ .32. O. _ 73.92,. ______ ··_" __ 73.9 1 

20 31. 5 73.93 73.93·-·--------. -.---.~- --; 
17 .. _~ ____ 21 ______ 30.. 1 _ 74.2.2 ___ ' 7.4.22_' _. _____ ... ______ -.-:. ___ . __ ~: 

,. 22 29. 6 14.29 74.2 i 

0 18 .... - ... -.... ~!~- - .. -.---{~:- ~-~:-::ï·-:-- --·-·~:::·l·--· ... _~ ! 
. • 1 • 

19 .. __ ._.2.5 ________ .. 26_ •. ~ __ .....:. ___ 15_.0'-. .. __ __7:~.0 .. ____ . ___________ ._. __ _ 
26 2.5. 4 : 15.52' 15.5' .. 

0 20 ... ___ .... _2.1 __ ._ .. .:..._. _~'f .• _. 9___ _5 .. ~_1 . __ :!fJ .• _~ _ _ ._.----' __ .. _____ . ___ . ___ . ___ _ 
.. . 

0 
.21 . _____ ..... _ .. _~ __ .. _~ ____ ~. -,-_.~_ .. ~~~I ___ ....;......_I ------- --------_ .. _ .. _------ ._---

" , 
22 __ ._ .. _'__._. _-, ____ ..;.;._-.::.. --_ .. _._--- -_ ....... _-_._ .. ---

0 23 _ .. _____ ... __ .. , ' .' . . --'-.--- ~------..:.-.-I-·----·_· --'------.-. --_._---- ... -.---

0 
24 ____ .. __ .. __ . ___ 

---I-~-----I---:---'--I-'~-'-- ----.--:...- --.------.. ----

1 

2S ._-.. - .... _ ... _. ___ .. ____ 1 ---_ .... ---. -'--- --_.----- .. __ ... _; 

ln 
i-

l 

:> 

26 ... -;--- .. --:-;- '--- .-.------ '-. -.----- -.~""ë_---------' ------.-- ---.. ----.. - ... _-- -.... 

27 ... -:- ........ - . __ .-.--~---...,-- ------.. - .. -. ---'-. -- -' -.r--'--" ---.---... --.... -.----.- .. - ..... -.--
28 ._- .. __ .. ___ .. 1 ___ _ -. ·-------I~ ......... ----- -------. ·1-----· ---.-.----- _ .. _--, 

0 
t" 

. -1 
,0 
.. 

29 --_ .. _ ... - . .:....- -'_: .. _- --~-fi:r9 . --- --. -. ---~- -------.-----. .--.-; 

30 :Câ:::3:~Bi_:(:f~, ~:ï.~~G~i_~~! OJJ' 3 .. ~_ " 7 ~j 0 I~ ,,1::.~ 7 '~:'i : 1 '13415 ~ ij"'i 01 z 3-4~5-;-j::i..} [~Cj:~:t~:f:'i-;:.D. o...!.~ü-i 
.-,; • 1 _ ._~_J. 



-9 

~ 

(") 

0 

o(~\r 

0 
1 

0 

0 

0 

0 

0 

0 

0 

O' 

0 

0 

0 

0 

0 

0 

0 

") (). 

\' 2 :3 4 5 6 7 'e 9 0 \ 2' 3 4 5' ri 78.9 0 \ 2 3 4' S ïï' 7·S. 9 O· \ 2 3'4 5 6 7 li 9 (,.\ .ï·34·S 6' 78 9 0 \ .2 :'4 5 6 7 89 0 \ 2 3 4 5 6 '7 8 90 \ i 3 '4 : o '.. . 2 ... TAB'LE 26 4 ····0 6 ... . . . 

o FI LE OF .R 1 CH EL 1 EU.. 1 VER .. 1915. PRlMARY TR TMENT 

NUMBER 

2 NORMAL RCEN~"OXY EN SATURA .50 ..... _ ... _._._. _ .. _ .. _. __ .'. __ .. 
INITIAL WASTE LOA AT PO 3 000.00 

3 800 AMO T.IZA.ll.ON .. ATE. __ . ___ .•. 20 . __ ., __ .. __ .. __ .. _ ..... .. 

4 

5 
NO. OF MILEPOINT PE CENT TRUE PERC NT 

6.-_ .. -1 TER .. _____ .... __ . ___ -SAY RAT 1 ON ___ .SAT-URAT 1 N. _______ .. __ .____ _. __ 

7 ... ______ 1.._ ... _": ___ 53. .82.71.._'_ _79.2 _-'--__ ._. __ . ______ . __ _ 
2 51. 83.02 83.02 r 

8 . ___ ......... _ .. 3_ .. __ ~_ .. 49. _ 83.62. __ . ___ .. __ ·_'_83.6 
4 48. 84.21' 84.21 

9 5_. _. __ .A5. . 89.51..":' __ . __ 89.511 __ ~_-'- --_._--
6 44. 89.65 88.6 

10 7 ____ .43. 88.50 __ ' __ 88.1"l_~ ___ f--~-- . __ , 

8 42. 87.43 87.4 
Il 

9 _____ .4 1. 87.32 ... __ . ____ .87. 3 ... ~ _________ _ 
10 40. 81.32 87.3 

12._ .. ..:...11 __ . __ ... 39. .87.03. _____ ._87.0 
12' 38. 86.99 86.9 -------r--~-----· ----" 

13 ___ .13_._.~_ .. 38. ..87.1.7__ _ .. 87.1 ______ 1-___ _ 

0 14 1 37 • '2. 81.3't! "~7.3. 5 6 
14 '. L~.':: .. :; 15~;). 2...!.;2.~.36 .14 ' 2 3 4 5 ~ 78 .~ 84.54 !!..L?.l'_é! .? .• !..l..l.l83. 43 ~!..!..!...~~ " , Z 3 4 S ~ 7.!..2 .~_!.2_d 
. '. 16 35.15 83.42 83.22 '. j 
15 .. ___ 17_\_· . __ .34. 5.. ..83.2.7 __ .:... .83.1 ._ .. __ ._ .. __ __ ' ; 

18 33. 4 83.12 83.1 
16 .. __ .•. _ ... 19_...32. 0 .83.27 .. ___ . _. ___ ' _83.2 . ____ _ 

20 31. 5 83.43 83.4 
17. ___ 21 __ .. ___ .. ___ .30. 1 ... 83.12 ___ '. 83.72 _.--:..______ _ ______ .. __ 

22 '.' 29. 6 '" 83.89 83.8 
'18._ .. _ .23_. _____ 2.8.. .84 .• 26 ... .....:- .. ;..... __ . 8!t.2. ___ . __ . __ . __ . ___ ._. ____ . 

24 27. 84.43 . 84.4 
19 __ . __ .. 25_ .. ___ ._. _~6... _ 84 .• 6.'.....:._. ____ 8.~ •. 6 

26 25. 4 84.99 84.9 
20._. __ .27 _ __ :...~....;. ... 2.It_ •. (L .' ~4,,2.3, __ . _~ ___ 8!t.2 __ . __ '._"'_" . _____ . ___ ... ____ .. __ 

; 

21' ... ...:. .... _ .. _ ..• _ .. ___ . ___ :-_-~ ____ ......... _1 -_._---- --. -_.--- ---------- "---j 
~2 .. _____ ... _ ... __ 0" _______ 1 __ ' .,..' ___ -1-_________ ., ... __ '_. ______ ' __ ._. ____ . ___ .... __ -..:-___ . __ J i 

.. ,. '.' !' 
23 . ___ .• ____ 1 ______ .1---,. ____ -.-"_1 ______ . --__ .-.---------- -.----.-----:--. '--, 

, : ~ J \ 

. T~-~- ~~---~-~~----.~-- .-.------------. -·-~'I 
25 .-----.. -.-- ___ 1_-'-__ ....-_1 ___ .--.. 

24 .. ___ . _. __ • __ _ 

_ ........ _- 1------_ ... --'-'--' . ---. 
26 --._. _ .. -. __ . ________ .1_ ........ _ 
,- 1 

, ---_._. ,------ ----~~--_.~ .. _."--
27 . _._- .... _ .. _.-~._---._.- ----' --- --_._._. -'. -' ~-I-----' -------.. ----.. __ ._ .. -

, 
28 : __ ... ___ .. ____ _ ____ .. _ .. __ -.....:_~ .... ___ ......;... __ 1 _____ -------, .. ---.------- ._-_ .. J 

...., 



-9 

~ 

0 

0 

Q) 

0 

0 

0 

0 

0 

0 

0 

0 

O' 

0 

0 

0 

0 

0 

0 

~n ~--
OC) 
:::::> 
'-.~-' 

;;t-'-" 

"-"1 
,0 

i • "0"'" .. , ;.' ,/"iYi: • • T;;:'-!·;I~X"ü .: ~~~~:. ;10:' .: ,i:;"::;;:.:i~ '-:0:'1'-' Ti 'l' "i':":' i{'::" "I,:,y,J 
o. _. OXYGEN PRDFILE ... OF._ RICHELIEU RIVER_-1-985·" NO .. TREAT ___ ''_~ .. ----. _ .. ___ _ 

1 NUMBER.OF.STJÜIONS 

2 NORMAL -VALUE .. OF- PERCENT- OXYGEN SATURATION ... _.--.77.00-.--_.-_. --._ .. _____ .... _._, 
INITIAL WASTE LOAO AT PO * .10E+06 . i 

3 800 AMORlIZAT.ION-R~TE ... ;-____ . __ .20 .. -M ___ ••• ___ ....... _____ ._. -"--'--- _____ · ____ 1 

4 _____ ._,,,. __ .,,_., ____ ........ _._._ .. _____ ....... ____ ....... _ ._ .... ____ -:-____ . ________ . -----j 
1 

5 • _, ____ , ••• _ .'. .._ _ _"--___ ~ •• _ _ A" _'. ___ .___ .' •• , __ • ____ ~ •• ______ ..... __ ._ •• _. __ , 

NO. OF MILEPOI~T PER~ENT ~RUE PERCENT .i 
6_ITER._. _____ . __ .... _ '-. ___ SATURAlION ____ -SATURATIO~--------. ----__ .. _ . .:... 

7 ___ . __ 1:_. _____ .,.-_ 53.92. _ :T3.12.-----. _____ .65.54 _. ____ -_____ . ___ _ 
·2 51.6'10 ~9.89 . 69.89 

8 ___ .. _.3 ___ ... ___ 49.7'10. ____ ·_ p8.52 _______ .. ___ 68.52 ______ . _____ . ____ _ 
4 48.88 . ~9.42. 69.42 

9 _____ ._.5. __ . _____ 45.2b- . '. ~9.87._-..:..- __ 79.871_.::...-_____ . _________ _ 
. 6 44.05 ~8.56 76.58 

10 _. _" .. 7 .. _____ ._. __ ._ 43.25_ ...... ~5.53.---... ___ ._.74.90 ________ 1-__ . ____ .-_._ 

\ 8 42.44. ., ~6.40 76.40 
Il : _____ .... _. 9..!,. .. _. ____ ._41. 81 ___ ~ ___ [75.57. _____ .75.57 _____ _ 

10 40.86. 174.81 . 74.81 
12._-:. __ 11._ .. ____ .. 39.92._ .' ._ 73.18.- 73.18 ___ ' ___ ._. _______ o. 

12 38.97.. ~2.51 . 72.51 '. . '. ;1 
13 . ___ .13_. ___ ._38.03 __ . _____ ·_72.44 ... _____ ·_.72.44. __ · ___ . __ . _. _____ : 

. 0 14 1 37.09 2 . 1'12.613' ·72.61 . 5 .' .6' : 
14 ' .. "-~_..'_~ 15.!.',_'~ ~.2..L~~.36.14.' 2 34 5 ~ 7 6 "168.75 '.~_!.~" ..';'~~66.04 2 __ ~2..2..!..~..!!.2~:>' <) 1 Z 3 4 S~.?.22 o_~: 

16 . 35.15 .' 165.10 . .64.59 1: 
15 . ___ .. 17 __ .. _ .. ___ 34.25 __ '_' _ 64.10. __ ' .. ___ 63.84 _ . __________ ~ 

. 18 .' 33.34 '. . 162.98 62.98 
16 ___ .... _ ~~ ______ ._ ~~::~_._. _" __ ~~:~~. ___ ._. :_. _:~:~~. _ . __ / 

17 ___ .... 21 ___ . __ .30.51._· _____ · _ 62.63. ___ ._ 62.63 _. _____ . _" __ 1 

22 29.56 62.72 . . 62'.72 .! 
18 . _____ :23 ________ .28.42 . 63.27. ___________ 63.2.7_~_· ~ ______ . _. _____ : 

24 21.48 63.46 63.46 
19' ___ 25_ .. __ . __ 26 •. 54_ .. 63.9_0 ___ .. ___ .. __ :63.90 __ ---, __ . __ . ______ . ___ _ 

26 25.64·, '.' 64.76 64.76 ~ 
20 __ . ___ 27 __ . __ --2:4 •. 70 6G.e.4 __ . _______ 6.,..9.4 ... ___ ,_. i 

1 

~- : 
21 ",--,,---.-_. ---------1----+-.-- -"-,---,-_. ------ -------- ----_._- --. 

. i 
22 .. __ ... _____ .I....:...._:--_____ I ___ ---, __ I._~ ___ II-.....;...-.-...,._- --------_ ----______ - .. --.. _~. 

24 ____ · ____ .. 1_....,.-____ 1_--' __ ,--'-.,-1-__ . ____ ._ I-c-~-..,...---· --------. ----~ ---­'. 

--_._-_ ...... _------- ----- , 

26 _ . _ .. ~_:_:.:--- ... ____ .... ____ .. ____ ..,.-_ 1-_____ .- _________ .. _. __ . ~ ____ . __ . 

27 . _" ___ " ,,_ --.. -...... ------.. --------.-- ..:.._-_.-.-.. 1--._--_._-_. -----_ .. -- .----- .. ---.-
28 --- -... - .. --_. _______ 1 ... __ · __ · -- ----.----.-----... -----.. ---.. --. __________ .. 

29 ------·-·---.. 1------ ~.r' ---.------.. ----------.. , .. _-
" '. , -. ·11 J - . " •• • .: 

30 _____ 9 .. __ ... _. __ .'. _J __ ~.~_._': _ .. '-1_' '_'_ .... ~ __ . _: _3_"_' _ .. _.~:_.i~ ____ ... _.§. .... ;... __ ...• _.~_9 __ .. _____ . __ ~ 
.1_2 •• 3 .... 5. §.:'--II_9 ~_JJ_;J....L~..!...?_-'U' !l ... L2_J_.!..JLL7_J .. '- &...u . .l...!...JIJ_L"_9. _O • ..L~_~..!.J...!..~ .{LL~l_~ . ..!...e .. La. .. ~ !!...!...~..1..!...~ ... LLB_.9 . . CJ • ..1...2~" 

. 1. • 1 
---_r_--



il 

11

0 

1° 
lu 
10 
1 

i 
1 0 1 
1 

i 

,! 0 il 
1 

! 0 

i 
0 

0 

0 

0 

0 . 
E . 
!O 

0 

·0 

0 

0 

0 

0 

0)(') 
~ 
co 
0 

--.-. C\Q 
'c:::I-

0 
--_.-

. . 

"23 4U56 7a~9 0 "23 4'(iI7':ii9 Ô'23;'{~'7'89 0 Ti~i~6'72a89 O.i::i3·_.46.Y a 9 ·O"Z,·3.4{iï7.a.9 O:T2'·3'~.tf;~?:!i.~9 O~'(Z~=3' 

o OXYGEN PR FILE O.F RICHELIEU h/ER .. __ ~.985 .. PRlMARY. Tl EATMENT. ___ . __ _ 

1 . NUMBER .OF STATIONS 27._ ..... 

2 NORMAL VALUE. OF PE CENT .OXY EN .SATURA ION .. ___ ... 83.50 ...... _. ___ . ___________ .. ___ _ 
INITIAL WASTE LOAD AT PO' 5 000.00 i 

3 .SOD AMORTIZAT.ION ... R TE.~ __ ._ .• 20 ... ____ ._ .... _ ... , .. ____ ...... __ . __ . _____ ~_. ___ . __ .. _ .. __ I 

4 .......... ___ ........ _ ..... _ .. _ ........ " ... __ ..... _ ... _ .. ,,, __ ,,_,, ... __ .. _ .... _ .. ".. ____ .. ___ . __ .... __ ._ .. ___ ._.! 

. 5 .. 
MILEPOINT PERCENT TRUE PERC NT NO. OF 

6 ,._ ITER •. __ . ___ ._. '. SAT RATION_ .. __ ... SAJURATI N. ___ . ______ . ____ . __ ._ 

7 .. _ ... _, .1._ _ ____ ..:... .. 53. 
2 51. 

8 .. __ .. __ .... 3_ .:..... __ ._49 .•. 
4 48. 8 81.42 81.4 

9 .. _ .. _ ........ 5_. ____ . __ . .45.26 ___ ._.88.24 ______ ._. _88.2 __ . _____ . __ . __ . ____ _ 
6 44 • 5 81. 20 85 • 8 ('. 

10 .. ____ .... 1 __ . ....: .. _____ 43.25. ___ ._ 85 •. 33 .. __ -c..-_.84.7 --------1---.. -------
8 42. 4 84.81 . 84.81 

11 .. -'.. ___ 9 ______ 41.81 __ 84.48 ___ ._._~_..:84.4 
10 40. 6 84.27 84.2 

'12 _· ____ .11_. _____ 39. 2 ... 83.43._.:.... ..... __ ~_83.4 --_._._----
12 38. 7 83.24 83.2 

13 • __ .13_ .. ' ___ .38 .• 3. · .• 83.3.4 .... __ · ____ 8.3 .• 3 
. 0 14 J 37. 9· 2· . 83.5~ . '. 4~3.5 5 .. 6 

14 !.L: . .:...:d5::...~ 2...!...!2..!..~36 • .l4 t 234 5 li 7 n..!: 80 .• 84.!!....L'..!..~ .?_!...! ... L.:~77.15 ?_!.2..~..22.L~ ~~.~. 0--'.2.2 

16 . 35.15 76.56· 76.1 
15. __ '- _.17___ .34'. 5.76.1.2. _____ 75.91. ______ .___ __i 

16 ... __ ... t.g.-. --" _ .. ~~:. ~-' .. ~~::t. ____ --' _~~::8 --.-.. --.---.-----~-_ .. -- '.1 
20 . 31. 5 . . 16.04. 16.0 

17 __ .. 21. _______ · _30. 1_' ' __ . _~...:... .. 16 .•. 20 __ ._· 7.6.2 _. ___________ .. : 
. 22 29.56 16.46 76.4 

18 23. _____ 28 •. 2 .. ____ . 11. •. 00 __ ..:._ .. ~_· __ 7] .O .. ~ . ___ .. . __ ---, 
24 27. 8 17.22 71.22 . 1 

19 ... _.- ~~-_ .. -._-~~.:. ! -~~:~~-~--·-~~~:~1---.:....--- -:-----1 
20 __ .'_._ .. <''J_.__ ~.4:: .... 0_~la .... O.7 ___ . __ -----1.8. •. 0 .. __ .... :~ ___ . ____ '-'_! 

. . i 
21 ... _ ............ ____ . __ ~_I_-...,..-'--_ . ______________ ~-I_ 

:: ":·='~--···-"--'=~-I-"'---_-.' .. _--:-"_' _ ....... __ :.--.~:------=~I__-:.-: ........ :.:----. -I=-~·· -_~~_-_._ .. -~--~~ 
24 __ ...... ·. ___ 1___ • 

25 .,~~.=----_____ . _' _. _:_ . __ ,, ______ J 

i --_._---- .- -_. 
:1., .. _ .. _._ .. ______ . _ ... ' ____ _ ._---_. ----. ------~-~_ ... -_._--_. __ .. _ .. _----_._--_. '''--' 

28 . __ .. __ '''_ •. _'' 

/ .. 



.'9 

~ 

r 0 

0 

cl' ) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c' 

1 c:, 
I(O() 
~~ 

~ 

f~ 
1

0 
J 

. ' 

, 1 '2' 34' 5 'Ù:· 7.8. 9 0 .. 1 ~i.i4~ 5-~:7 :a::9 0- Ü::3'~:5:T.7.-ii 9 O' 1 2"3 4.5 6 7 '0 9 Ô:l 2 3 .~. 5 .6 .. 78."9 0'1 2 3 '. 5'6 7- li -9 O'. 12' 3 4 5 6'78-9 'O'ï"Z'31 
1 2 TABLE 2 9 4 . "5 . .. 6 ' .. .. . 

o . . . .-..OXYGEN. PR OF 1 LE .. OF- RI CHELI EU RI VER_ .. 1985 ECONDARYT EATMENT_ ..... . 
o 

STAT.IONS -.. ?-1 ____ .. _.. ._. _'_' __ '0', __ ••• _____ • ___ _ 

2 .NORMAL .v LUE .. OF.PERCENT .. OXYGENSATURATION. _____ 86.50 .. __ ... _ .. _. -.---. -.----
INITIAL ASTE LOAD AT PO 30pOO.00 

3 ,BOO. AM OR _IZAIION_Rf\TL ____ .... 20 .. ____ .. __ .... _ .. __ ._ ... ____ .... _. __ . ____ .. __ .. __ . __ ._~ 

4 .. ___ . __ ... _ ..... _ .. __ .. _. ___ . ___ .' ._. ____ ...•..... __ ....... _ .. __ ._ ..... _ .. __ .. _ .... _0._. _____ . ___ .. _._. __ •. __ . __ J 
5 .. ·NC) • . -OF i:izi:."Ëpoi rÙ·. PERC·ENT·----- fRUE -PéRCE "r-"--'''--' --.----------
6 . __ oITER.·_1_ . __ ._._. SATURAT.I.ON----.SA.TURATIO .. ----.. -.... ---.----.----~ 

1 

:~--~~t=_-miL · c~mn~·-~--~JmE --~---. -~-_ --:~ 1 
6 44.05 92.92. 92.92 .1 

10 ,.,.,._ .. 7 _ .. "':"' __ .43.25._ .. ~2.46 . __ - ___ 92.46-___ .. __ .. __ ... --.--..... ----- '-"'-'i 

Il .. _. ____ .. ~. __ . __ ~_ ... :~::io __ ~g:~5._-- __ ._:g:~5 ___ ._._. -_._ .. '-_~ 
10 40.86 . .• 89.97 89.97 1 

12 .-~-_. t~-----;:::~···~---·- :::~~ .. _.:....- ---:::~~ -~~-----' ---- .. '-'-1 
·13 __ ._ .. 13_' 38.03._'_' __ ' _.89 •. 50. __ '_. ___ .89.50 _____ . __ . '0 .. ___ .1 

0·14 .' 1 37.09 .' 2 .' 89.66,3 .~9.66 5 . 6 
i4 LL"-..=...2 15::-..2 ~~36.14.' il 34 5 67.~_~' 88.61.~!..-" r2 . .!2...:'...::.88 .61.'?..!.2..1...i.2..~1L2 .~_'...!.2..::...~.!!...?_.!!_? ~.L!...; 

16 35.15 88.42 -. 88.42 1 

15 .-..:..·-t~-----.-... ;j:~!.:~:~~-------:~:~~ .------.. ---~. 
t6. __ · .. 19 ____ · _ 32.40_· .87.082. ___ . ____ ._.81.82 ___ ._______ _ ~ 

20 31.45" 87.80 87.80 1 

17 ... ___ .21 ..• _ .30.51. . _87 •. 7.3 __ . _____ 8:1.73_'_._ .. ":"'_ _ ___ ._! 
22 29.56 87.74 . 87.74. ! 

18. __ . __ .... 2.3_ ........ _._ .. 28.42 878.86 __ . ___ .87.86 
. 24 . 27.48, .' 87.91. 87.91 ; 

19. ___ .25_. __ . __ .2.6 •. 54 .8.8 •. 0!t. __ . 88 .• 04 ___ ' __ -_________ .. ___ ,. 
26 25.64 88.29 88.29' i 

20 _____ ... 21 __ . ___ 2.4 .•. 70_' _. _· ___ 8.9 ... 61_. ___ . __ ' _8_9 .•. 6.1_~ _____ .:".. __ . __ ... ___ .: 

21 '.--"-"._'" -·---:----:-.\-1--,,-. --.-, ""7"-- ---~--I---~---I------
: ._--_ .. ,--

22 .:.--... --:...---- _ .. _.-'-___ 1 ___ --.>--...:.....1-.'------ ------- ·------1---· ._. _ .. ---' -: 

" . 
.-'---~_. ---'~-... __ ./ 23 .. __ . __ . __ . ___ .. ____ .1 __ -',...".. __ ,_1 ___ --'---.1----_-__ 

.' " 

24 ---... --- ______ 1 ____ ---.;.........--1--.-· -. ___ 1-______ 1---- -----~I 
!' : 

25 ... ...:..._ .... _. ___ . ____ • ___ .1 ______ 1-___ .. _ ---____ 1 

26 .-.- ... _ .... - .-.... ----.---- ·_---.;-_-1--·----1-,------ ------.. -------.. ---.---.-

27 .-_ ........ _ ... _. __ ... _--_. --~---I-----,.......-.----- -.--------. ----.... --... -.- .-----
28 .. --........... _ .. -. -----.-.----1----- .. ___________ -.--___ ....... ---_._. ____ . _ ..... -... 

;: 
29 ....... _-. '--..-. -,---- .... --~-,.-;- _ 11,'- _ -_., ----.----..... --, 

30 . ___ .... 9._ ... _. __ . _._ 1 . . . 2 : : 3 . 4 5 6 1 

. .' _~.3 _4.5 .. U_.U .!U.Vi--:s.JLf.!LII Q.T.!::u.j""""i?:r~ .9::r:2~I:Sï""(:;::9. o~J ... i..!J:j87a:è.oTD:i:LŒü !CCZ:T. i,l!j:lI::::g ~-:'0=: 
. l ' 

\ 

-., 



(/ 

~ 
Cf 5' 

0 

5 

; 1 

go< 

75 

70 

( ) ,. 

FIGURE 23 

OXYGEN SAG CURVE 1965 -F:r.lOW 2470- NO TREATMENT OF WAST ES 

STATION 
~ "' '" N ~ CS'" Cl) ~~~ .... In ~::: S} 0- <S),,~ '"' ~"' ..... CIl N ... - ..... 

COMPtJTEO OKYG/!N SAG CUFIVE 

t:> cOI1PureD D.O. nROP 8Y 
c:. Hti Kt:. H 11.1. l'1e71-100 

"-

/ t- '"""~ 
l 1" 

7 '" '" / 1\ 
\ 7 , , 7 
\ ,-..... ./ 
\ / ~~ v 
\ / -i', !....- / ~ 

i"" 

~ 
111'-EPO 'ItIT 

~ ~ 
FROM HOUTII oF RIVe" 

- 114 -

o 
m 

.. 

- ' 



-sr 

\ 

() 

-

70 

o 

FIGURE 24 
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FIGURE 26 
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COMPUTED OXYGEN SAG CURVE 1915 -FLOW 3000 ofs- PRIMARY TREATMENT 
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FIGURE 28 
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FIGURE 29 

COMPUT~D OXYGEN SAG CURVE 1985 -FLOW 2470 cfs- PRlMARY TREATMENT 
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OHAPTER IX 

o 0 R 0 LUS ION S 

The disso1ved oxygen concentration in the 

River and the po11utiona1 loads causing these oxygen sag 

ourves have been ana1ysed and the fo11owing may be conc1uded. 

1. The most obvious oxygen sag points occurred Just 

be10w St. Jean, Ohamb1y and ~cMastervi11e. These three 

regions are the most heavi1y popu1ated end industria1ized 

areas between St. Jean and St. Charles. 

2. The recovery of the oxygen sag curve be10w St. Jean 

is comp1eted at Chambly Basin. The oxygen sag curve at 

McMastervi11e is on1y slight1y recovered at St. Charles. 

3. The observed disso1ved oxygen concentrations at 

the out1et of Chambly Basin were about one percent higher 

than those calcu1ated. The effect of the dam at Fort 

Chambly affects the reaeration in the River to this extent. 

4. The po11utiona1 load imposed on the River at 

present does not lower disso1ved oxygen concentrations 

be10w 75% saturation. 

5. The ten and twenty year forecast po11utiona1 load 

with no treatment wou1d cause disso1ved oxygen concentra-

tions of not 1ess than 70% and 60% respective1y. 
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6. If primary treatment of all waste discharges is 

provided, the ten and twenty year forecast oxygen sag curve 

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

7. 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.O.D. where the total B.O.D. was very small. 

This condition was a result of measuring a B.O.D. value 

beyond the sensitivity of the analysing instruments. 

Samples exhibiting a very small or negative B.O.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 • 

. 9. The modified multi-linear correlation was success-

fully applied to the data fer the computation 01' Kl values 

01' wastes. 

la. The data analysed for the D.O. distribution within 

the cross section 01' the River showed that samples taken 

from the sh1p channel were representative 01' the whole cross 

section to ± 2% at the 95% confidence limite 

In this analysis the negative B.O.D. values were 

1ncluded to evaluate all the variations affecting the 

reliability of the sampling procedure. The program was 

written to accommodate negative B.O.D. values. 
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11. The method of evaluating the on-shore pollutional 

load was sufficiantly aoourate to obtain observed and 

+ oomputed sag ourve agreement to better th an - 2% as 

established at the 95% oonfidenoe limite 

12. For small variations in River flow, the oxygen 

sag curve remains relatively unohanged. The general 

relationship of 1% inorease in D.O. saturation for each 

600 ofs increase in flow holds true for observed and 

oomputed D.O. oonoentrations. 

13. An average Kl value for the River water of 0.20 

produced a oomputed oxygen sag ourve that agreed well with 

the observed oxygen sag ourve. 

14. The effeotiveness in reaeration of the shallow 

turbulent flow of the River between St. ~ean and Chambly 

is shown by the rapid reoovery of the oxygen sag ourve in 

this region. 

15. From D.O. and B.O.D. oonsiderations the Richelieu 

River oan be olassified, aooording to Phelps (15), as 

Class At or oan serve as a souroe of publio 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 TJ lTHE SAMPLE ANALYSED IMMEDIAT ELY 

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 1" 8' 

~ 

-"'li '} 

i 

----------------
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, .. '1 

( ) SEOTION 25 

~ 22 I~ I~ I~ I~ ~ 
~A~A-fs 21 20 18 I:A 

W - 800 ft. ~ 69 
A - 7,100 Bq.ft. 

J'uly 12·1965 

TOO 
D.O· o 

NO. D.O. 001'1' 

° 
NO. D.O· S 

TOO 
D.0· 5 
001'1' B.O.D· S 

23 7.5 24.8 6.15 22 6.0 20.0 6.00 .15 

10 6.'1 24.0 5.60 3 5.2 20.0 5.20 .40 

16 6.9 24.4 5.75 9 5.2 20.3 5.15 .60 

4 '1.3 24.8 6.00 17 5.2 20.4 5.10 .90 

'1 7.1 24.8 5.80 19 5.0 20.0 5.00 .80 

6 6.'1 24.5 5.60 5 5.0 19.8 5.15 .45 

23A 7.5 24.8 6.15 2 5.9 20.0 5.90 .25 

10A 6.'1 24.0 5.65 15 4.1 19.5 4.30 1.35 

16.A. 6.9 24.4 5.75 21 5.3 20.0 5.30 .45 

4A 7.3 24.8 6.00 20 4.9 19.8 5.05 .95 

'lA 7.1 24.8 5.80 18 4.5 19.4 4.'15 1.05 

6A 6.'1 24.5 5.60 8 5.0 20.2 4.95 .65 

42 6.8 24.4 5.65 69 4.2 20.2 4.15 1.50 

42A 6.8 24.4 5.65 36 5.0 20.0 5.00 .65 

() 
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·-----------------~f 

SEOTION 25 

JI - 800 ft. 

A - 7 J 100 Bq. ft. 

August 12 1965 
D.O·o D.0·5 TOO TOO NO. D.O· o Oorr NO. D.0· 5 Oorr B.0.D· 5 

106 5.0 23.5 4.25 49 4.2 22.6 3. '10 .55 

'14 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 

8'1 4.'1 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 

o 
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r 

SEOTION 24 

w - 1,750 ft. 

A - 6,800 Bq.ft. 

August 6 1965 

NO. D.O .0 TOO 
D.O·o 
Oorr BO. D.O .5 TOO 

D.0·5 
Oorr B.0.D· 5 

. 8'1 5.'1 24.8 4.'10 42 4.9 20.9 4.'10 .0 

104 5.0 24.8 4.10 83 4.8 20.9 4.60 -.50 

46 4.4 25.0 3.60 110 4.1 22.5 3.65 -.05 

86 4.6 25.0 3.'15 44 4.6 21.5 4.30 -.55 

( ) 
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w - 1,250 ft. 

A - 7,800 Bq.ft. 

August 6 1965 

'l'oC 
D.O· o 

NO. D.O· o Corr 

120 4.9 25.0 4.0 

70 3.8 24.9 3.1 

65 3.2 24.9 2.65 

30 4.2 24.8 &.4r5 

( ) 

NO. D.O. 5 

80 4.4 

80A 3.3 

136 2.5 

84 3.9 

- 131 -

~ 
180A 

'l'oC 

22.5 

20.5 

20.5 

20.5 

. ' 

S;gCTION 23 

D.0·5 
Corr B.0.Do5 
3.~O .10 

3.20 -.10 

2.45 .20 

3.80 -.35 



. ) 

-----_-..:...._-------------------------------_ .... - .. -<: 

() S}COTION 22 

--1* 48 ---fer el 

-ft-
t 

-,' , ; 

W - 882 ft. 4 

A - 12,000 Bq.ft. 

"uguat 6 i965 

NO. D.O· o TOO 
D.O· o Oon NO. D.O· 5 

TOO 
D.0· 5 Oorr B.0.D· 5 

61 5.2 24.6 4.30 141 4.8 20.5 4.'10 -.40 

85 5.1 24.'1 4.20 ... 8 4.6 21.1 4.35 -.Ui 

24 5.3 24.5 4.40 5 4.9 21.15 4.60 -.20 

,10' 5.2 24.6 4.30 81 4.8 21.5 4.50 -.20 ,', 

., 

C; 
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.) , 

() ,SECTION 21 

Fryers Island Dam 

-fs1> ~ ~ ~ -W,--t; -fe1-*a-ffi ~') ~~ ~-%-tNr 85 84 83 95 94 82 81 q3 go 92 79 91 24 12. 14 

W - 1184 ft. A -2,400 sq.ft. 
"------_ .. 

J'uly 12 1965 

NO. D.O· o 
TOC 

D.O· o 
NO. TOC 

D.O .5 
B.0.D·5 Corr D.0· 5 Corr 

96 6.1 22.1 5.55 85 5.0 19.7 5.20 .35 

73 6.0 21.5 5.60 84 5.0 19.5 5.25 .35 

74 5.9 21.5 . 5.50 83 5.1 19.8 5.25 .25 

87 6.3 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 

176 6.0 21.5 5.60 81 4.8 19.5 5.05 .55 Î 
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 24 4.4 19.5 4.65 .85 

1 5.8 21.8 5.30 12 4.7 20.2 4.65 .65 

ll. 5.9 22.0 5.35 14 4.6 19.8 4.75 .60 

() 

'. 



(1 

CO) 

Fryers Island Dam 

32 gate opanings, 30 ft. wlde each 

W - 1,184 ft. 

A - 2,400 sq.ft. 

August 12 1965 

tiO. D.O· o 
TOC 

D.O· o 
Corr NO. D.0· 5 TOC 

11'7 6.0 23.6 5.10 106 5.3 21.2 

53 5.8 23.6 4.90 2 5.3 21.3 

16 6.4 23.6 5.50 43 5.'7 22.0 

1 5.3 23.'7 4.50 31 5.9 22.0 

82 6.5 23.6 6.50 38 6.0 22.0 

60 6.0 24.2 5.00 66 5.9 22.5 

139 6.3 24.5 5.25 26 5.8 22.8 

95A 6.3 24.5 5.25 14 6.0 22.9 

'76 6.4 23.3 5.50 34 6.2 23.0 

- 134 -

1 /.' 

~li:CTION 21 

D.0· 5 
Corr B.0.D·5 

5.00 .10 

5.00 - .10 

5.15 .35 

5.35 -.85 

5.45 .05 

5.30 -.30 

5.10 .15 

5.25 .00 --"'l 

5.40 .10 

.. ___ J 



1 / ... 

() S.ECTION 20 

~ 56 ~ 65 ---w.-66 -w.-51 ~ 22 1:4 
~A 68 ~ 53 I~A .~ 78 ~ 5"0 

w- 1,050 t't. A - 9,650 sq.t't. 
- ..... --!....%-_. -- ~ .- -- -- - -- _. --- .-~----

JU1l 12 1965 

NO. D.O. 
° 

TOC 
D~O .0 

Corr NO. D.0·5 
TOC 

D.0· 5 
Corr B.0.D·5 

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 5.3 20.6 5.15 .25 

11 6.4 24.0 5.40 22 4.8 20.3 4.7,5 .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 

112A 6.1 22.5 5.45 54 4.9 19.5 5.15 .~O 

55A 6.2 23.6 5.25 68 4.4 19.5 4.65 .60 

67A 6.3 23.2 5.40 53 4.8 19.5 5.05 .35 

57A 6.3 23.3 5.40 52 4.0 19.5, 4.20 .20 

11A 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 

4A 6.4 23.3 5.50 76 4.1 20.0 4.10 1.~0 

·C) 
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( \1 

W - 1,050 t't. 

A - 9,650 Bq.t't. 

August 12 1965 

NO. D.O· o 
TOO 

3 6.8 24.5 

'14 6.5 24.5 

29 6.6 24.5 

95 6.3 24.6 

92 6.3 24.9 

90 6.5 24.6 

42 6.2 25.2 

C) 

__ m 
112 

D.O· o 
001'1' 

5.65 

5.40 

5.50 

5.20 

5.15 

5.35 

5.05 

\qS 
lB2 

NO. D.0· 5 

5'1 6.3 

4 5.8 

12 6.0 

82 6.4 

23 5.8 

100 5.9 

15 5.0 
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SEOTION 20 

~o 
l'DO 

TOO 
D.O .5 
001'1' 

22.2 5.65 

22.5 5.20 

22.8 5.25 

23.2 5.50 

23.4 4.95 

23.5 5.05 

23.6 4.25 

B.0.D· 5 

.00 

.20 

.25 

- .30 

.30 

.30 

.80 

/ ' 

. ' 

'~i.'.:.;· " 

i 
1 



• ' /:. 1 

------------------------- -_.--._._- --_._- , . 

;ru1,. 21 1965 

NO. D.O· o TOO 
D.O· o 
001"1" NO. D.0· 5 TOO 

D.0· 5 
001"1" B.0.D·5 

21 5.0 23.0 4.35 '12 4.3 20.0 4.30 .05 

i 96A 4.8 22.5 4.30 10 4.3 20.3 4.25 .05 

f 46 4.6 22.6 4.10 4'1 4.4 19.8 4.50 - .40 
45 4.9 23.2 4.25 40 4.5 20.2 4.55 - .20 

1· 41 5.2 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 
'13 5.0 22.6 4.40 83A 4.2 19.5 4.45 .05 
'13A 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 8eA 4.4 20.2 4.35 - .25 
'16 5.4 23.0 4.'10 82A 4.4 20.2 4.35 .35 
3'1 5.6 22.8 4.90 48 4.2 20.0 4.20 .'10 

~ . 92 5.1 22.6 4.50 82 4.6 20.'1 4.45 .05 -, 
84 5.0 22.3 4.50 29 4.4 19.9 4.40 .10 

(} 
1); 
". 

;J 
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( 

( ) \ 

SROTJ:ON 19 

--1M -1.!!1 ~ ~ ~ ~ I~ 
. 1110 152 17 156 1.tI4-173-ra 

w - 929 ft. 

A - 11,408 sq.ft. 

AUgust 12 1965 
D.O·5 

TOO 
D.O· o 

NO. D.O. ° 001'1' NO~ D.O· 5 
TOO 001'1' B.0.D· 5 

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 

12 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 

'12 6.2 25.5 5.00 10 5.0 22.2 4.50 .50 

51 6.3 25.2 5.10 36 5.8 22.4 5.15 -.05 

76 5.6 25.2 4.55 91 5.'1 22.6 5.05 .30 
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. ' 

() SEOTION 18 

---1'41 

1"7 
/iï4 

w - 881 ft. 

A - 10,364 Bq.ft. 

~U11 26 1965 

NO. D.O. 
° 

TOO 
D.O· O 
Oorr BO. D.O .5 TOO 

D.0· 5 
Oorr B.0.D· 5 

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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( ) 

o 

w - 693 ft. 

~ 
1
34 

A - 11,136 Bq.ft. 

August 6 1965 

NO. D.O. TOO 
D.O·o . 

NO. D.0· 5 Oorr-
° 87 4.8 25.2 3.90 113 4.3 

93 5.6 25.1 4.55 34 5.2 

44 5.4 25.2 4.40 82 4.8 

40 5.6 25.0 4.50 38 4.7 

- 140 -

TOC 

20.5 

20.9 

21.0 

21.0 

~EOTION 17 

D.O· 5 Oorr B.O. D.5 
4.20 -.30 

5.00 -.45 

4.55 -.15 

4.45 .05 

.1 

/ .. 
. . 



( ) 

.1u1y 26 1965 

~O. D.O .0 TOO 
D.O .0 
Oorr 

12'1 5.6 23.8 4.'15 

133 5.6 24.0 4.'10 

62 5.2 24.2 4.35 

108 5.4 24.9 4.40 

() 

NO. 

116 

9'1 

100 

142 

-1ru 
197 

~ 
1/42 

W 

A 

D.O·5 

4.0 

3.6 

4.0 

3.9 
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· ' 

$EOTION 16 

941 ft. 

9,940 sq.ft. 

:1 

1 ., 
] 

TOO 
D.O· 5 

B.O.D·5 1 Oorr 
'l 

19.'1 4.15 .60 1 
20.0 3.60 1.20 

20.2 3.95 .40 

19.6 4.15 .25 

____________________________________ ~')-----------------------------------------------l 

-' 



() 

w - 953 ft. 

A - 10,632 sq.ft. 

August 6 1965 

TOO 
D.O .0 

NO. D.a· o Oon 

142 4.8 25.3 3.90 

30 5.5 25.5 4.45 

134 5.3 25.5 4.30 

152 5.6 25.5 4.50 

() 

NO. 

107 

27 

114 

33 

~ 
127 

D.0· 5 

3.8 

4.4 

4.3 

4.4 

- 142 -

TOO 

20.0 

20.0 

20.0 

20.0 

.. 

~EOTION 15 

D.O .5 
001"1" B.0.D· 5 

3.8 0.10 

4.4 0.05 

4.3 0.00 

4.4 0.10 



.,;r 

\ 

1 

(-') 

i 

j 
-----

lf- 917 ft. 

-lli-
11°7 

A - 8,632 Bq.ft. 

3:u17 26 1965 

D.O. 
RO. D.O· o TOO Oorro NO. D.O· 5 

'12 4.8 24.5 4.00 10'1 3.6 

135 5.4 24.2 4.50 101 4.0 

85 5.'1 24.9 4.65 106 2.4 

139 4.8 23.2 4.15 134 4.0 

- 143 -

~ 
Ifoï 

TOO 

19.'1 

20.0 

19.5 

19.6 

~EOTION' 14 

~ 
706f 

D.O· 5 
Oon 

3.'15 

4.00 

2.55 

4.15 

B.0.D·5 

.23 

.50 

2.10 

.00 

-----_._-------_ .. 

. .., 



! 
1 

( SEOTION 13 

Ci 
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( 

,-
\. ) 

.. -_ ... _ .. -.-_. __ .. _-_ .. __ .. ~----------------

W - 802 ft. 

A - 7,108 Bq.ft. 

J"uly 21 1965 

NO. D.O· o 
TOC 

D.O· o 
Corr 

61 5.1 24.2 4.25 

60 5.1 24.4 4.25 

88 5.0 24.4 4.15 

33 4.9 24.3 4.10 

26 4.6 24.4 3.85 

36 4.9 24.8 4.05 

49 5.2. 24.6 4.30 

122 5.0 25.0 4.05 

32 5.1 24.4 4.25 

27 5.0 24.6 4.15 

70 4.8 24.2 4.00 

58 4.6 24.5 3.85 

30 5.0 24.7 4.15 

103 5.4 24.6 4.45 

NO. 

59 

98 

131 

28 

35 

25 

120 

130 

29 

34 

118 

109 

31 

124 

Sl1:CTIOU'12 

126 
l3s 
~ 

1
25 

l/22 132 I~~ 
1130 129 J"1 

TOC 
D.0·5 

D.O· 5 Corr 

3.7 21.5 3.45 

4.0 20.8 3.85 

4.0 21.0 3.80 

4.0 21.1 3.80 

3.9 21.5 3.65 

3.6 20.9 3.45 

4.2 21.0 4.00 

4.1 20.7 3.80 

4.2 21.0 4.00 

4.2 21.0 4.00 

4.5 21.2 4.20 

3.9 21.0 3.70 

4.3 21.1 4.10 

3.8 21.4 3.55 

B.O.D· S 

.80 

.40 

.35 

.30 

.20 

.60 

.30 

.25 

.25 

.15 

- .20 

.15 

0.05 

.90 
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() 

w - 802 ft 

A - 7,108 sq.ft. 

~ulY' 26 1965 

NO. D.O· o 
TOO 

D.O· o Oorr 

11'1 4.9 25.0 4.00 

95 5.3 24.2 4.45 

81 4.6 24.9 3.80 

95A 5.3 24.7 4.40 
() 

-

. __ ._----~ .. --

NO. 

84 

99 

71 

31 

~ 
J99 

D.0· 5 

4.3 

3.9 

4.0 

4.0 

146 -

----------. 

TOO 

20.1 

20.1 

20.4 

20.0 

· . 

1 • 

SROTION 12 

D.0· 5 Oorr B.0.D· 5 

4.30 .30 

3.90 .55 

3.90 .10 

4.00 .40 

i .-



( ~EOTION 12 

-f.T 109 ~ 68 -f,t 12 

~ 20 ~ 93 

W - 802 :ft. 

A - 7,108 sq.:ft. 

August 4 1965 

NO. D.O. TOO 
D.O· O 

NO. D.0· 5 
TOO 

D~0·5 
B.0.D· 5 

Oorr Oorr 

° 
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 

3~ 5.1 22.5 4.55 68 3.S 23.6 3.20 2.35 

33 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 ~ .... 1 
94: 5.4 22.5 4.85 5 4.0 22.1 3.60 1.25 

1 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 3.60 .70 i 
2 4.6 23.0 4.00 102 3.6 

,1 
20.5 3.55 .45 ! 

'J 
~ 

89 5.1 23.0 4.45 89A 3.6 20.5 3.56 .90 

24 4.8 23.0 4.15 90 4.4 20.5 4.30 -.~5 

() 
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(} 

w - 802 ft. 

A - 7,108 Bq.ft. 

August 12 1965 

NO. D.O. TOO 
D.O· o 

° 
Corr 

41 5.3 25.6 4.25 

13 5.6 25.8 4.50 

22 5.3 25.2 4.30 

107 6.0 25.3 4.90 

81 5.6 26.2 4.45 

11 5.5 26.4 4.35 

5 5.6 26.3 4.45 

1 

() 114 5.5 26.2 4.35 

1 

1 ., 
, 

~EOTION 12 

NO. 

14 

66 

113 

136 

84 

69 

27 

141 

~~--1m. 
1"3 1'36 184 

D.O· 5 
TOO 

D.0· 5 Corr 

5.0 20.5 4.90 

4.7 21.0 4.50 

4.4 21.5 4.10 

2.6 21.5 2.45 

2.7 21.8 2.50 

4.8 22.0 4.35 

5.0 22.5 4.45 

4.9 22.6 4.35 
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Be a .D.5 

- .65 

.00 

.20 

2.45 

1.95 

.00 

.00 

.00 

. ' 



() SEOTION 1.1. 

~ 
1
9SA 

• - 736 ft. 

A - 10,800 sq.ft. 

AUgUst 6 1965 

NO. D.O· o 
TOC 

D.O· o 
Co1'1' NO. D.0· 5 TaO 

D.0· 5 
Co1'1' B.0.D· 5 

95 5.1 25.5 4.10 1.4 3.6 20.1 3.45 .65 

1.11 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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-9' 

~ 

1 

1 

() 

J'U1Y' 26 1965 

NO. D.O· o 

82 5.5 

14 4.8 

1 5.2 

43 4.9 

TaO 
D.O. a 
Oorr BO. 

25vO 4.45 55 

24.9 3.95 7 

24.6 4.30 15 

24.6 4.05 29 

SEOTION 10 

~ 
IV· 

w - 789 ft. 

A - 10,580 ft. 

D.0·5 TaO 
D.0·5 
Oorr 

3.8 20.1 3.80 

3.8 20.1 3.80 

3.9 20.0 3.90 

4.0 20.1 4.00 

B.0.D·5 

.65 

.15 

.40 

.05 

_j _____________________ - 150 -_______ _ 

, / .. 

Î~ 

1 



Cl 

w - 793 ft. 

A - 10,032 sq.ft. 

~ugust 6 1965 

NO. D.O. 

° 
TOO 

D.O· o 
001'1' 

.88 4.4 25.6 3.55 

36 5.2 25.5 4.20 

58 4.6 25.5 3.'10 

122 5.0 25.5 4.05 

() 

~ 
lTI7 

~ 
1
66 

NO. D.0· 5 
106 3.8 

11'1 3.8 

26 3.'1 

66 4.0 
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$EOTION 9 

TOO 
D.0· 5 
Oorro B.O.D-S 

20.8 3.65 -.10 

20.2 3.'15 .45 

21.5 3.60 .10 

20.6 3.90 .15 

. ., 



- ' 

r 
( SECTION 8 1 

-k-
18.3 

w - 848 ft. 

A - 10,600 aq.ft. 

J"u1Y' 26 1965 

TOC 
D.O· o 

TOO 
D.O·5 

NO. D.O .0 Corr NO. D.0· 5 Corr B.0.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 

2 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 

(') 
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( ) 

w - 759 ft. 

A - 11,524 sq.ft. 

Ausust 6 1965 

NO. D.O. TOO 

° 
D.O· o 
Oorr 

125 5.4 24.5 4.50 

18 5.3 24.4 4.40 

6 5.3 24.5 4.40 

81 5.3 24.5 4.40 

NO. 

139 

60 

43 

16 

~ 
/60 

D.O· 5 

5.0 

4.6 

5.0 

4.4 

- 153 -

TOO 

21.0 

21.5 

22.0 

21.0 

.. 

SEOTION " 

/ 

D.O·5 
Oorr B.O.D·

5 
4.75 -.25 

4.30 .10 

4.55 -.15 

4.20 .20 



1 
1 
1 
i 
1 

1 
,( 
.t 
r 
1. 

1 
f 
! 
f· , 

-1 

( ) 

w '- 956 t't. 

A - 11,616 Bq.t't. 

1uly 26 1965 

NO. D.O· o 
TOC 

D.O .0 
Corr 

38 6.0 25.0 4.90 

BeA 5.4 24.9 4.45 

74 5.2 24.6 4.30 

84A 6.1 24.6 5.05 

/ ,'. 

SECTION 6 

, 

NO. D.0· 5 
TOC 

D.0· 5 Corr B.O .D.5 

48 3.5 20.0 3.50 1.40 

44 4.0 20.1 4.00 095 

72 4.0 20.0 4.00 .30 

86A 3.9 20.0 3.90 1.15 

-, 

- ~54 -



..,;;r 

~ 

( ) 

w - 873 t't. 

A - 10,968 sq.t't • 

• ugust 6 1965 

NO. D.O. TOO 
D.O· o Oorr 

0 

104 6.4 25.5 5.15 

126 6.3 25.5 5.10 

'12 6.3 25.6 5.05 

85 6.6 25.5 5.30 

M 

i 
-1 ______ _ 

NO. 

'18 

13'1 

64 

102 

~ 
-1137 

D.0· 5 

4.9 

4.'1 

5.3 

5.1 

- 155 -

TOO 

20.9 

20.5 

20.5 

20.8 

\~ 

" , 
! \ 

$ECTION 5 

D.0· 5 
Oorr B.O .D.5 

4.65 .50 

4.60 .50 

5.15 -.10 

4.90 .40 



() 

1ul,. 26 1965 

~O. D.O· o 
TOO 

3 5.1 24.'1 

8'1 5.3 24.8 

83A 5.'1 24.'1 

38 5.8 24.6 

--1M 
1
23 

~ 
1

32 

D.O. 
Oorro HO. 

4.20 2'1 

4.35 23 

4.'10 39 

4.80 32 

~EOTION 4 

11 - 645 ft. 

A - 10,284 Bq.ft. 

D.0· 5 
TOO 

D.O· 5 Oorr B.O.D· S 

3.8 20.3 3.'15 .45 

3.'1 20.0 3.'10 .65 

4.0 20.4 3.90 .80 

4.1 20.2 4.05 .'15 

- 156 -
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(-) 

August 6 1965 

NO. D.O" TOC 

° 11'7 6.5 25.6 

13 6.5 25.5 

25 6.3 25.6 

103 6.4 25.5 

() 

~ 
1
64 

D.O. 
corro NO. 

5.20 135 

5.25 94 

5.05 138 

5.15 64 

-------- -------

JlL 
194 

SEOTION 3 

w - 814 rt. 
A - 8,760 ild}.:f't. 

D.0· 5 
TOC 

D.0· 5 Corr B.O.D. 

4.4 20.2 4.35 .85 

4.6 20.2 4.55 .80 

4.3 20.5 4.20 .85 

4.'7 20.6 4.55 .60 

5 
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Ci 

w - 794 ft. 

A - 9,580 Bq.ft. 

lu1y 26 ·1965 

NQ. D.O .0 TOC 
D.O· o 
CO:L-:L-

34 5.8 25.0 4.'0 

31 5.9 24.9 4.85 

35 6.3 24.8 3.15 

40 6.4 24.8 5.25 

() 

~ 
l46A 

140 
/120 

NO. 

80 

46A 

29 

120 

I.3S 
129 

D.O .5 TOC 

3.9 19.6 

4.0 19.' 

4.0 20.5 

4.0 19.9 

- 158 -

. ' 

S:S:CTION 2 

D.0· 5 Corr B.0.Do5 
4.05 .65 

4.115 .60 

3.90 1.25 

4.10 1.15 



( ) ~EOTION 1 

-1*5 71 ~ 78 --m 66 --1M 117 
~4 

12<-) 

~ 111 ~ 1/2 ~ '32- ~ 125 

w - 967 ft. A - 9,480 Bq.ft. 
;[u1y 21 1965 

TOO 
.D.O .0 

TOO 
.D.0.5 

NO. D.O· o Oorr NO. D.0· 5 Oorr B.O.D· S 
144 4.9 24.6 4.05 98 3.1 21.0 2.95 1.10 

10:5 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 

83 5.3 24.9 4.35 117 4.1 21.2 3;.:83 0.50 

104 5.0 24.6 4.15 129 3.8 20.8 3.63 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 15.1 24.9 4.15 112 .4.2 22.0 3.80 0.35 

100 15.2 25.0 4.20 101 4.0 21.5 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 3.70 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 

Cl: 
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.. 

( ) $EOTION 1 

~ . 88 1/~3 19
9 I~ ~3 55 ~ 93 I~ 

-iF 1/ 

w- 961 rte 

A - 9,480 sq. rte 

Augu st 4 1965 

TOC 
D.O· o 

NO. TOC 
D.O· 5 

B.0.D· 5 
NO. D.O .0 Oorr D.O .5 Corr 

.6'1 5.5 23.0 4.'15 66 4.1 21.0 3.90 .65 

103 4.9 23.0 4.25 4 3.5 21.0 3.35 .90 

49 4.3 23.2 3.'10 9 3.'1 21.5 3.35 .35 

'16 5.2 23.0 4.50 54 3.5 21.5 3.30 1.20 

53 5.0 23.6 4.20 55 3.'1 20.0 3.'10 .50 

22 4.9 23.5 4.20 93 3.6 22.0 3.45 .'15 

5 4.6 23.2 4.15 16 3.'1 21.5 3.30 .85 

30 5.1 23.1 4.45 11 4.2 20.5 4.05 .40 

10'1 5.6 23.0 5.40 56 3.6 21.5 3.55 .65 

65 4.6 23.0 4.00 4. 3.'1 20.5 3.60 .• 40 

() 
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.SEOTION 1 
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A P PEN DIX B 

RESULTS OF THE ANALYSIS OF RIVER WATER AND 

SEWAGE SA~œLES FOR THE COMPUTATION OF B.O.D. 

ULTlMATE AND K
1 

VALUES 

() 
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() 

DATA FOR THE COMPUTATION OF SEWAGE K VALUX 

S' JACKWOOD COLLECTOR 
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( ST J'EAN 

DATA FOR THE COMPlJIrATION OF SEWAGE K VALUE 

30. CHAMPLAIN COLLECTOR 

J'u1y 6 1965 Dilution Rate 1~ 

1st Comp Samp1e 2nd Comp Samp1e 
D.O. D.O. Avg. Il 

Day D.O. TOC Corr D.O. TOC Oorr D.O. t B.O.D. 
D; 

0 15.25 22.4 5.14 5.75 22.4 5.14 5.14 

1 3.05 20.8 2.93 2.95 20.6 2.86 2.89 0.562 225 

2 2.40 20.5 2.35 2.45 20.5 2.40 2.37 0.460 277 

3 1.90 20.8 1.85 1.75 20.9 1.68 1.76 0.342 338 

4 1.50 20.5 1.47 1.40 20.5 1.37 1.42 0.27'1 3'12 

5 1.35 20.2 1.33 1.25 20.2 1.26 1.30 0.252 384 

6 1.15 21.'1 1«>06 1.10 20.4 1.08 1.0'1 0.207 40'1 

'1 1.05 20.5 1.03 .90 20.1 .90 .96 0.186 418 

8 .80 20.8 .'1'1 .80 20.8 .,' .7'1 0.150 437 

9 .7e 20.4 .6'1 .60 20.7 .58 .62 0.122 452 

10 .5'1 20.2 .56 .58 20.4 .57 .56 0.109 458 

() 
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( IBERVILLE 

DATA FOR THE COMPUTATION OF SEWAGE X VALUE 

30" OOLLECTOR 

Septembar 25 1963 Dilution Bata 2~ 

let Comp Sample 2nd Comp Samp1a 
D.O. D.O. Avg. D 

Da,. D.O. TOC Corr D.O. TOO Oorr D.O. t B.O.D. 
Do 

0 4.50 20.7 4.37 4.50 20.7 4.36 4.36 

1 
1 3.60 20.'1 3 .. 50 3.70 21 0 0 3.52 3.51 .805 42 .~ 

2 3.20 20.2 3.17 3.25 20.3 3.22 3.20 .'135 58 

1 
3 2.85 20.3 2.82 2.90 20.0 2.90 2.86 .636 75 :\ 

4 2.50 20.3 2.48 2.ni 20.6 2.67 2.57 .590 89 

5 2.30 20.4 2.25 2.30 20.9 2.40 2 .. 32 .531 102 ~ 

6 2.20 20.4 2.16 2.40 20.5 2.35 2.26 .518 105 ! -, 2.00 20.2 1.98 1.80 19.5 1.90 1.94 .445 121 

l 8 1.65 20.1 1.65 1.70 20.2 1.67 1.66 .381 135 

9 1.40 20.2 1.38 1.45 20.2 1.43 1.40 .321 148 

10 1.25 20.5 1.22 1.25 20.4 1.22 1.22- .280 157 

f 

1 

1 

() 
j 
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( ) 1 BERVILLE 

DATA HOR THE COMPUTATION OH SRWAGE X VALUB 

18" COLLECTOR 

September 25 1965 Dilution Rate 1.5% 

lat Oomp Sample 2nd Comp Sample 

D.O. TOO 
D.O. 

TOC 
D.O. Avg. Dt 

Da:y Corr D.O. Corr D.O. n; B.O .D. 

0 4.45 20.'1 4.32 4.45 20.'1 4.32 4.32 

1 3.70 21.2 3.50 3.60 21.0 3.42 3.46 .801 57.2 1 

1 

2 3.20 21.0 3.05 3.25 20.7 3.15 3.10 .720 81.5 1 

3 2.90 20.8 2.'19 2.80 20.2 2.7'1 2.'18 .643 102.5 

4 2.40 20.3 2.38 2 e 55 20.6 2.48 2.43 .563 126.0 

5 2.30 20.5 2.25 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 

() 
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.. 

( ) FORT CHAMBLY 

DATA FOR THE COMPUTATION OF SEWAGE X VALUE 

30" COLLEOTOR 

November 12 1965 Dilution Rate 1~ 
/ 

lat Comp Sample 2nd Comp Sample 
D.O. D.O. Avg. ]) 

Da;y D.O. TOC Corr D.O. TOO Corr D.O. t B.O .D. 
Do 

0 5.05 12.2 8.70 5.05 12.2 8.70 8.70 1.00 

1 5.55 22.0 5.05 5.20 20.5 5.10 5.07 .582 363 

2 5.35 22.0 4.85 4.80 21.8 4.40 4.62 .532 408 

3 3.90 20.5 3.88 4.25 20.8 4.18 4.00 .460 470 

4 4."20 20.5 4.10 3.80 20.5 3.73 3.91 .450 479 

5 2.70 20;.2 2.68 4.00 20.9 3.85 3.26 .375 544 

6 3.05 20.8 2.92 2.60 20.9 2.58 2.75 .316 595 

7 3.25 20.8 3.12 4.03 21.2 3.80 3.46 .398 524 

8 3.00 20.9 2.88 2.60 20.3 2 .. 57 2.72 .313 598 

9 3.00 20.9 2.88 2.30 20.0 2.30 2.59 .298 611 

10 2.90 20.3 2.77 2.40 20.6 2.33 2.55 .293 615 

( ) 
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( ) OHAMBLY 

DAœA HOR THE COMPUT~ION OH SEWAGE K VALUE 

TWIN 24" OOLLEOTOR 

Octobe1' 25 1965 Dilution Rate 1.5~ 

let Comp Sample 2nd Comp Sample 

D.O. TOC 
D.O. D.O. Avg. Dt 

Day 001'1' D.O. TOO Co1'1' D.O. B.O.D. 
Do 

a 5.55 15.1 7.20 5.55 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 4.40 19.0 4.80 4.20 19.5 4.42 4.61 0.644 1'12 

3 4.10 19.5 4.30 4.10 19.'1 4.26 4.28 0.595 195 

4 3.90 19.3 4.20 3.50 19.1 3.80 4.00 0.555 213 

5 3.'10 19.0 4.02 3.45 19.0 3.75 3.88 0.540 221 

6 3.40 19.6 3.54 2.80 19.0 3.05 3.30 0.458 260 

7 3.40 20.0 3.40 3.415 20.1 3.45 3.42 0.4'15 251 

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 32'1 

10 2.60 20.2 2.58 2.60 21.0 2.48 2.53 0.350 312 

() 
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RIODLIlUJ 

DATA FOR THE OOMPUTATION OF SRWAGE K VALUE 

36" OOLLEOTOR 

October 26 1965 D11ut1an Rate 1~ 

1at Oamp Samp1e 2nd Oamp Samp1e 
D.O. 

TOO 
D.O. AYg. Dt 

Da,. D.O. TOO Carr D.O. Oarr D.O. 
D-· 

B.O.D. 
\1 

0 5.40 15.0 6.'15 5.40 15.0 6.'15 6.'15 

1 4.70 19.6 4.90 4.60 19.8 4.'15 4.82 .715 193 

2 4.40 20.0 4.40 4.40 20.2 4.35 4.37 .650 238 

3 4.15 20.1 4.15 4.10 20c2 4,,05 4,,10 ;608 265 

4 3.80 19.2 4.09 3.80 1~ .• 6 3.96 4.02 .593 2'13 

5 5.60 19.3 3.88 3.55 19.4 3.'14 3.81 .565 294 

6 3.45 19.8 3.55 3.50 20.0 3.50 3.52 .522 "'ft'" oJQV 

'1 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 

o 
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( ST BRUNO 

DATA l!'OR THE COMPUTATION Ol!' SDAGE Je VALUE 

ST BASILE COLLECTOR 

October 19 1965 Dilution Rate 2~ 

lat Comp Sample 2nd Comp Sample 
D.O. D.O. Avg. Dt 

Day D.O. TOC Corr D.O. TOC Corr D.O. B.O.D. 
Do 

0 4.70 15.8 6.15 4.70 15.8 6.15 6.15 

1 4.70 20.6 4.65 4.'15 20.6 4.40 4.52 0.735 81.5 

2 4.45 19.2 4.78 4.50 19.1 4.90 4.84 0.790 65.5 

3 4.25 20.5 4.16 4.35 20.6 4.20 4.18 0.680 98.5 

4 4.30 20.2 4.25 4.25 20.3 4.20 4.22 0.685 96.5 

5 4.30 20.6 4.18 4.20 20.3 4.15 4.16 0.678 99.5 

6 4.20 20.5 4.10 4.20 20.3 4.15 4.12 0.670 101.5 

7 4.10 20.6 3.96 4.00 20.5 3.92 3.94 0.640 110.5 

8 4.10 20.5 4.00 4.05 20.4 3.97 3.98 0.648 103.5 

9 3.90 20.4 3.82 4.20 20.6 4.17 3.99 0.650 . 108.0 

10 2.20 20.3 2.18 4.10 20.6 3.98 3.08 0.500 153.5 

o 
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MoMASTERVILLE 

DATA l!'OR COMPUTATION Ol!' SEWAGE K VALUE 

C.I.L. l!'IRST DISCHARGE POINT 

Ootober 19 19615 Dilution Rate ;', ':2% 

let Comp Samp1e 2nd Comp Samp1e 
D.O. D.O. Avg. Dt 

Day D.O. TOC Corr D.O. TOC Corr D.O. B.O.D. -,r; 
0 4.40 16.5 5.50 4.40 16.5 5.60 5.50 

l. 4.35 20.2 4.30 4.45 20.0 4.45 4.37 .795 5~~0 

2 4.20 20.3 4.15 4.25 20.4 4.20 4.17 .760 66.50 

3 4.10 20.6 3.98 3.70 20.0 3.70 3.84 .700 83pO 

4 3.80 19.9 3.92 4.00 20.1 4.00 3.96 .720 77~00 

5 3.90 20.9 3.75 4.00 20.6 3.88 3.81 .692 84,.50 

6 3.00 19.6 3.12 3.40 19.7 3.55 3.34 .607 10a.,oO 

7 3.40 20.0 3.40 3.55 20.2 3.51 3.45 .629 102]50 

8 2.10 20.2 2.00 1.40 20.0 1.40 1 • .,0 .309 190.00 

9 1.40 20.0 1.40 2.80 20.0 2.80 2.10 .382 170J)0 

10 1.90 20.5 1.86 1.50 20.5 1.47 1.66 .302 192J>0 

o 
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Ci MoMASTERVILLE 

DATA FOR THE COMPUTATION Ol!' SEWAGE X VALUE 

O.I.L. SEOOND DISCHARGE POINT 

October 19 1965 Dilution Rate .. ,··2~ 

18t Oomp Sample 2nd Oomp Samp1e 
D.O. D.O. Avg. D 

DaY' D.O. TOC Oorr D.O. TOO Corr D.O. t B.O.D. 
Do 

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 .'182 62.00 

2 4.20 20.2 4.15 4.20 20.1 4.20 4.17 .735 '15.~0 
! 

3 4.20 20.3 4.15 4.25 20.4 4.15 4.15 .'132 '16.50 

4. 4.20 20.0 4.20 3.10 20.0 3.10 3.65 .642 10150 , 
5 4.10 20.6 3.9'1 3.75 20.4 3.68 3.8'1 .682 90.50 

6 3.40 19.9 3.50 3.90 20.3 3.85 3.6'1 .64'1 100.50 

'1 3.80 20.6 3.68 3.70 20.8 3.65 3.66 .645 IO~OO 

8 3.35 20.2 3.31 1.00 20.0 1.00 2.15 .3'19 1'16.50 

9 1080 20.3 3.'16 1.40 20.1 1.40 2.58 .453 155.00 

10 1.40 20.2 1.38 1.00 20.5 .98 1.18 .208 220.00 
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McMASTERVILLE 

DAœA FOB THE COMPUTATION OF SEWAGE X VALUE 

C.l.L. TElBD DlSCHARGE POINT 

October 19 1965 Di1ution Bate ',: .·,:2% 

1st Comp Samp1e 2nd Comp Samp1e 
D.O. D.O. Avg. D 

Day D.O. TOC Corr D.O. TOC· Dorr D.O. t B.O .D. 
Do 

0 4.55 16.2 5.68 4.55 16.2 5.68 5.68 

1 4.50 20.6 4~36 4.60 20.8 4.42 4.39 .773 64.50 

2 4.30 20.4 4.20 4.35 20.4 4.26 4.23 .745 72.50 

3 4.25 20.5 4.16 4.25 20.4 4.17 4.16 .735 76.,00 

4 4.00 20.4 3.91 4.20 20.5 4.10 4.00 .705 8,\00 

5 4.00 20.9 3~84 4.20 20.9 4.05 3.94 .695 87.00 

6 3.70 20.5 3.62 4.00 20.6 3.88 3.75 .660 96.50 

7 3.80 20.8 3.66 3.90 20.8 3.75 3.70 .651 99.00 

8 3.85 20.7 3.75 3.85 20.6 3.75 3.75 .660 96.50 

9 3.75 20.3 3.70 3.85 20.4' 3.77 3.73 .656 97pO 

10 3.60 20.7 3.5v 3.80 20.7 3.68 3.59 .632 10~0 
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( ) McMASTERVILLE 

DATA FOR COMPUTATION Ol!' SEWAGE X VALUE 

C.I.L. l!'OURTR DIBORARGE POINT 

October 19 1965 Dilution Rate i;. '2% 

lat Oomp Samp1e 2nd Oomp Samp1e 
D.O. D.O. Avg. nt 

Da7 D.O. TOO Oorr D.O. TOO Corr D.O. B.O.D. 
Do 

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 62.,50 

1 

2 4.20 20.2 4.15 4.30 20.8 4.12 4.13 .750 68pO 

3 4.15 20.3 4.10 4.20 20.4 4.10 4.10 .745 '10,p0 

! 4 4.20 20.5 4.10 4.10 20.6 .3.98 . 3.94 .'115 '18,p0 

t 5 4.20 20.4 4.10 4.10 20.3 4.05 4.07 .740 71p0 

\ 6 4.10 20.6 .3.98 4.10 20.6 3.98 3.98 .725 76pO 

1 
7 4.05 20.4 3.95 4.10 21.0 3.90 3.92 .712 79.00 

8 4.10 20.5 4.00 4.05 20.9 3.88 3.94 .715 78pO 

9 4.10 20.7 3.98 3.'10 20.6 3.60 3.79 .690 85pO 

10 3.35 20.4 3.28 3.80 20.8 3.65 2.96 .540 127 .. 00 

o 
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McMASTERVILLE 

DATA ],l'OR THE COMPUTATION OF SEVlAGl!: K VALUE 

54" COLLECTOR 

November 3 1965 Dilution Bate 2~ 

let Comp Samp1e 2nd C,omp Samp1e 
D.O. D.O. Avg. Dt 

Day D.O. TOC Corr D.O. TOC Oorr D.O. B.O.D. 
Do 

0 3.70 12.2 6.28 3.70 12.2 6.28 6.28 1.00 

1 4.35 20.8 4.20 4.40 20.8 4.22 4.21 0.62 103.5 

2 4.30 21.0 4.10 4.30 21.0 4.10 4.10 0.655 109.0 

3 4.15 21.0 3.95 4.15 2.1.0 3.95 3.95 0.630 116.5 

4 4.00 20.9 3.85 3.95 20.9 3.80 3.82 0.610 123.0 

5 3.20 20.6 3.10 3.85 20.8 3.'10 3.40 0.542 144.0 

6 3.65 20.1 3.65 3.40 20.5 3.33 3.49 0.558 139.5 

'1 3.40 21.0 3.2'1 3.35 21.0 3.20 3.23 0.515 152.5 

8 3.20 21.0 3.05 3.20 21.0 3.05 3.05 0.490 161.5 

9 3.15 21.8 2.90 3.20 21.8 2.94 2.92 0.465 168.0 

10 3.00 20.'1 2.90 3.10 20.5 3.05 2.9'1 0.4'10 165.5 

o 

1 

"1 
';' , 

-----------------------------------------------------------------------------
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C,- BELOEIL 

DATA FOR THE COMPU'l'ATION OF SEWAGE K VALUE 

36" COLLECTOR 

Noyember 3 1965 Dilution Rate 2~ 

lat Comp ~ample 2nd Comp Sample 
D.O. D.O. Ayg. ~t 

Day D.O. TOO Corr D.O. TOC Corr D.O. n; B.O.D. 

0 3.90 11.5 6.62 3.90 11.5 6.62 6.62 

1 4.45 20.6 4.31 4.35 20.4 4.25 4.28 .64'1 11'1 

2 4.30 20.9 4.20 4.25 20.3 4.20 4.20 .625 121 

3 3.'15 20.2 3.'10 3.40 20.0 3.40 3.55 .53'1 153 

4 3.60 20.2 3.56 3.20 20.1 3.20 3.38 .510 162 

5 3.40 20.5 3.33 2.55 20.1 2.55 2.94 .445 184 

6 2.00 20.0 2.00 1.95 19.5 2.05 2.02 .305 230 

'1 2.00 20.8 1.92 2.50 20.5 2.63 2.2'1 .343 21'1 

8 2.40 20.8 2.31 2.10 20.3 2.08 2.19 .331 221 

9 1.90 20.6 1.85 1.85 20.5 1.81 1.83 .2'16 239 

10 1.90 20.8 1.83 2.60 20.5 2.55 2.19 .331 221 
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( MO NT ST HILAIRE 

DATA FOR THE COMPUTATION OF SEWAGE K VALUE 

36" COLLECTOR 

November 3 1965 Dilution Rate 2~ 

let Comp Samp1e 2nd Comp Samp1e 
D.O. D.O. Avg. D 

Day D.O. TOC Con D.O. TOC Corr D.O. t B.O.D. 
Do 

0 3.80 12.0 6.55 3.80 12.0 6.55 6.55 1.00 

1 4.00 20.5 3.92 4.30 20.5 4.20 4.06 0.618 124.5 

2 3.40 20.5 3.'33 4.05 20.7 3.93 3.63 0.555 146.0 

3 3.80 20.6 3.69 3.60 20.8 3.46 3.57 0.545 149.0 

4. 3.30 20.5 3.24 3.50 20.6 3.40 3.32 0.508 161.5 

5 3.10 20.4 3.04 3.50 20.8 3.40 3.22 0.492 166.5 

6 3.30 21.0 3.14 2.95 20.5 2.89 3.01 0.465 177.0 

7 2.75 21.0 2.62 3.20 20.8 3.08 2.85 0.43f) 185.0 

8 3.20 22.5 2.86 3.15 21.0 3.00 2.93 0.449 181.0 

9 3.20 21.5 3.00 3.15 21.0 3.00 3.00 0.460 177.5 

10 1.20 20.0 1.20 1.00 19.3 1.03 1.12 0.176 271.5 

"'"'1 

(J' 
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ST HILAIRE 

DATA FOR THE COMPUTAœION OF SEWAGE K VALUE 

BEET SUGAR REFINF.RY 
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Cl S!rA!rION 2~ 

DA!rA FOR THE OOMPU'l'A!rION OF RIVER WA'l'ER X VALUE 

O.N.B. BRIDGl!: Err J'l!:AN 

August 2~, 1965 Dilution Rate 100~ 

1st Oomp Samp1e 2nd Oomp Samp1s 
D.O. D.O. Ayg. D 

Da)" D.O. !r°0 Oorr D.O. '1'°0 Oorr D.O. t BGO.D. 
Do 

0 5.00 24.2 4.15 5.00 24.2 4.1= 4.15 1.00 0 

1 3.75 19.0 4.07 3.75 19.2 4.04 4.05 0 .. 980 .10 

2 3.70 19.8 3.82 3.75 20.8 3.60 3.71 0.890 .44 

:5 3.70 19.6 3.86 3.60 20.0 3.60 3.73 0.900 .42 

4 3.70 19.5 3.80 3.50 19.2 3.76 3.78 0.910 .37 

5 3.70 19.9 3.90 3.40 19.0 3.70 3.80 0.915 .35 

6 3.55 20.3 3.50 3.70 19.5 3.90 3.70 0.890 .45 

7 3.70 20.3 3.66 3.70 20.3 3.66 3.66 0.880 .49 

8 3.70 20.5 3.63 3 .. 60 20.3 3.57 3.60 0.870 .55 

9 3.'70 20.8 3.56 3.60 20.6 3.50 3.53 0.850 .62 

10 3.05 20.8 2.92 3.35 20.8 3.22 3.10 0.'750 1.05 
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(: STATION 21 

DATA FOR THE COMPUTATION OF RIVER WATER :s: VALUE 

FRY ERS ISLAND DAM 



. ' . 

() STATION 20 

DATA FOR THE COMPUTATION OF RIVER WATER X VALUE 

INLET CHAMBLY BASIN 

J 
________ .. ___________________ 1 
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GTATION 19 

. DATA FOR THE OOIlP'OTA'lION OF RIVER WATER Ir VALUE 

OUTLET OHAMBLY BASIN 

. August 24 1965 Dilution Rate 100~ 

·lat Comp Samp1e.2nd Comp Samp1e 
D.O. D.O. Avg. D 

Da,. D.O. TOO Corr D.O. TOO Corr D.O. t B.O .D. 
D; 

0 4.30 24.4 3.92 4.30 24.4 3.88 3.90 1.00 

1 3.60 19.2 3'.88 3.'70 19.6 3.85 3.86 .99 .04 

2 3.60 19.9 3.'72 3.65 20.5 3.58 3.65 .94 .25 

3 3.25 19.5 3.42 3.30 19.5 3.44 3.43 .88 .4'7 

4 3.10 19.5 3.26 3.15 19.4 3.32 3.29 .84 .61 

5 3.00 19.2 3.23 3.00 19.1 3.2'7 3.25 .835 .65 

6 3.05 20.2 3.02 3.10 20.2 3.06 3.04 .'78 .86 

'1 3.00 20.1 3.00 3.15 20.6 3.06 3.0$ • '7 '1 .8'1 

8 3.00 20.2 2.96 3.10 20.4 2.89 2.92 .'75'7 .98 

9 3.10 20.6 3.00 2.90 21.2 2.'14 2.86 .'732 1.04 

10 3.10 20.8 2.98 3.15 20.9 3.02 3.00 .'76 .90 

o 
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STATION 12 

DATA FOR THE OOMPUTATION OF RIVER WATER K VALUE 

BELOEIL 

August 24 1965 Dilution Rate 100% 

f 1st Oomp Samp1e 2nd Oomp Samp1e , 
f 

l 
D.O. D.O. Avge D 

\ 
f TOO TOO t , Da~ D.O. Oorr D.O. Oorr D.O. B.O.D. 

1 
Do 

1 1 

i 0 4.35 22.8 3.80 4.35 22.8 3.80 3.80 1.00 1 
! 

j 1 
1 3.40 20.0 3.40 3.60 19.'1 3.'15 3.5'1 0.940 .23 

2 3.40 20.0 3.40 3.50 20.'1 3.40 3.40 0.895 .40 
~ 
1 3 3.45 19.8 3.55 3.40 20.0 3.40 3.4'1 0.915 .33 t} ,. 

! ," 
4 3.40 19.6 3.54 3.40 19.5 3.56 3.55 0.935 .25 l' 1. 

r 
1 5 3.40 19.5 3.58 3.40 19.3 3.65 3.61 0.950 .19 1 \ 
1 

f 
6 3.40 20.2 3.35 3.45 20.5 3.38 3.3'1 0.892 .43 ~ 

.1 
; • 
! '1 3.45 20.5 3.38 3.45 20.5 3.38 3.38 0.890 .42 

! ' 

( 1 i ,1 
1 8 3.40 20.3 3.36 3.45 20.4 3.38 3.3'1 0.888 .43 

., 
l 

! 
:~ 

i 
t 9 3.20 21.2 3.02 3.15 21.5 2.94 2.98 0.'185 .82 1 1 

! 10 3.00 22.2 2.'10 3.00 22.5 2.68 2.69 0.'110 1.11 
'{ 

r 
! 
J 

1 " 
t 

·ï 
~ 
" J 
l 
:J 
:1 
.t 
.1 '""!J 
i 

'1 

0 
J 
.~ 

l 
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STATION 1 

DATA FOR THE OOMPUTATION OF RIVER WATER K VALUE 

S'l' OHARLES 

August 24 1965 Dilution Rate 100% 

let Oomp Samp1e 2nd Oomp Samp1e 
D.O. D.O. Avg. D 

Day D.O. '1'00 Oorr D.O. '1'°0 Oorr D.O. t B.O.D. 
~ 

0 4.76 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 
. 1 

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 

5 3.60 19.4 3.80 3.'10 19.4 3.90 3.85 0.925 .32 

6 3.50 20.8 3.35 3.'10 20.2 3.66 3.50 0.839 .6'1 

'1 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. '1 3.25 3.19 0.765 .98 

9 3.20 21.6 2.94 3.15 21.5 2.94 2.94 0.'105 1.23 

10 3.00 21.8 2.'15 2.95 21.8 2.'10 2.72 0.652 1.45 
'1 
1 
l 
1 

() 
1 

;1 
1 

- 185 -

J 
) 

--~-----' 



. ' 

1 r.: 
l '"-, 

A P PEN DIX C 

COMPUTER PROGRAMS 1. OXYGEN SAG CURVE 

2. Y DROP BY MULTILINEAR 

CORRELATION THEORY 
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, 234 56709 ci ,-Z 3 4567-0_9 (ï, 2- 34- 5- 6 7 8~9 0 , 2-345 _67890 , 23 456789 0 , 234-567890 , 23456 -7890' 2 3 4 56-

. I.i 1 2 :; (: !) 6 ! 

o FORTRAN 200 SOURCE LISTING AN DIAGNOSTICS P OGRAM: 

C PROFIL~ 

( C O. WEBER 
2 001 ._.DIMEN ION IDESC(1). 

002 REAL ID,IDPCT,K,L.MIXMIN, ETOXV.NEX V 
3 003201 FOR~1A (14, 6X't_ 7A5)_. 

004 202 FORMA (8F9.0) 
4 005 ._30LFORMAT(lHl • . 9X. 18HOXVGEN PROFILE 0 • 1~5). 

006 302 FORMA (20HONUMBER OF STATIONS , 14/) 
5 001 :303 FORMA (43HNORMAL VALUE OF PERCENT XVGEN SAT RATION. F9.2)._ 

010 30~ FORMAT(26H INITIAL WASTE LOAD AT PO • F9.2) 
6 011 .. 305. FORMAT(23H BOO MORTIZATION RATE •. 9.2/1/) .. __ ... _ .. " __ 

012 306 FORMA (51H2 NO. OF MI EPOINT PERCENT TRUE PERCENT) 
7 013301_FORMA (50H· .. ITER. __ ... _. __ . __ .,,_._. ATURATION ... --.. _SATUR TION/)-

014 308 FORMAT(lH • 16, 1X. F6.2. 8X, F6.2. 9X. F6.2) 
8 015 . __ 7_7 __ READ (2,20U. N.IDESC_ .. __ ._ .... ____ ... _. __ . ___ . __ .. __ .. __ ._ .. _. __ . __ . __ ... ____ .. _ 

016 SUMRE =0.0 
9 017 - ___ ._~SUI"'PAV=O.O 

020 READ (2,202) X.V,K 
10 021 - ... ---WRITE (3,301) IDESC ._. __ .. __ . __ . __ ...... __ . __ .. _. ________ . _________ . ________ _ 

022 WRITE (3,302) N 
11 023 ___ . -____ ._. __ WRI TE (3,303) _-x ..... _. ____ . __ o.' • __ • ______ ••• _________ • __ • _. ________ • ____ • _____ ._ 

024 WRITE (3e304) V 
, 12 025 _____________ WRITE (3,305l.K. __ _ 

026 WRITE (3,306) 
13 027 ___ ~ _______ .WRl-TE (3,307 L.. ._ . __ . _______ ... ______ . ________ . _____ ~ ___________ ._ 

030) PCTSAT=X 2 3 . .î- 5 6 7 
14 '031" ~·_:.L __ ' .?._: . .:'..:l ~ DO . 11 . J::: 1 ,N .~ : ". '. "_: _:' __ ., ,r: ". -. " ' ' .. ' .:'_:' ~:'.'- 3." ".' _."- _, _~_.~_~_?2L2. _~!_3_.!_L~_L~.:!_ ': 0.--'-2.. "_..::...~. ti • 

032 _READ (2,202) P,T,V,D,Q,L,S.ID 
15 033 ___________ TIME=1.547*V/Q __ . _._ '_ _ _._ . __ . 

034 G=22.42*O 
16 035 ______ . ___ . IF (T-20.). 12,13,13 ___ . ____ ._ . ______ . ___ . ________ . ___ . _______ . __ 

036 12 SATOXV=G*(14.62+T*(.00565*(T-10.)-.019» 
17 031 ._GO TO 16.. .. .. . _______ . ___ ._. _________________ . ___ ... _______ . __ 

040 13 IF CT-30.) 14,14,15 
18 041 __ . __ . 14 SATOXY=G*.(12.25-.154*1.L ___ .. _ .. _. ____ . __________ ..... ____ ._. _____ .. _. ____ _ 

042 GO TO 16 
19 043 15 ._SATOXV=G* (10.6 .1*1). ___ _ 

044 16 SUMR N=X*SATOXY/l00. 
20 045 IF (3. -0 L 11, 18 t 18 .. _ 

046 17 MfXMIN=13.94*A OG(D)-7.45 
21 047 __ GO T 19 __ 

050 18 MIXMIN=.721*D+2.279 
22 051 _. __ . _ f9 NEXT =V*EXP (-2. 3026*K*T 1 E L ________ -. ..: ___________ ... 

052 . SUMP V=SUMPAY+ -NEXTV+S+ID 
23 053.___ ____._ V=NE TV+L _ .. _. __ .... _._ ... ___ ... __ . _. _________ . ____ _ 

054 F=.486*SORT(MI MIN)*EXP(.0145*T-.7138)/D 
24 055 . R= 1. +. 0896*MI X 1 N*Q/ (F*V) _______ ' ___ _ . ___ . ____ . ___ . _____ ... ______________ _ 

056 NETO V=SUMRUN+ UMREO-SUM AY 
25 057 _ .REO=(SATOXV*(2.-.01_*PCTS T)-NET.OXV ID)/R __ ... 

060PCTS T=100.*(N TOXY+ID+R O)/SATOXV 
26 061 REO= EO+ID/R ... _. ____ . _. '. _______ . __________ ._. ____ . ________ ._ 

062 IF (ID) 21,20, 
27 063 20 IOPC =PCTSA T. __ .. ____ .. , 

064 GO T 22 
28 065 . __ . ___ 21IDPC =100.*(NE 

066 22 SUMR O=SUMREO+ 
29 -.. ------ .. _._---- -----------.-.---,------_.- --_.--.-. __ .---.:;.-- 8-7--;.,.-- .. -_ .. _ ... -----.--.. --~._--- -.---.. -- -------- ----- -_.-

o 1 2 34 5 6 7 
12~ 34·5:( 7.:8: 9.0- I::Ü~~:Ü= 7-ë:~ 0 J'i:- :ï·;(5_:i:'i.~8~ 9 :(>::!Ü: .. ~Ü..:.7::~: 9 ï)'I'~~Ù~ 5:6>~(9iC!~~·) __ i.~:6)X 9 ():l'Z-3:(5j~~:~:9 O~i(;i.~~:Ü( 

30 

, 



'" Il 

') 

) 

) ( 

) 

) 

) 

) 

- ) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) c 
) 

! 1 

! 

1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 .2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1.2 3 4 5 6' 7 8 9 O. 1 2 3 4 5 6 7 8 9 Il 1 2 3 4 5 6 

o 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Il 

067 
070 
071 
072 
073 

12 . , __ .. _ ,., __ .• __ . 

1 

.,._ II WR ITE 
PAUSE 

.GO TO 
STOP 

_, ___ . ,_.END ... 

2 3 4 :J 

(3.308) .P.PCTSAT.IDPCT_. 
1221 
77 __ .. __ 

~ .. _.- -.. ... ~. _ ... __ ._ ............ -" 

.' ·---'r .. ·.-- .. -· 
13 . _ .. ____ ._ ...... ___ ._._. _______ .. ______ . __ . __ 

o 2 3 4 5 6 7 

15 

16 

17 

18 

19 

20 

21 

22 
.... 

23 

24 

25 

26 

27 

28 

29 
--~'-'1 8' "';;---

30 0 _. __ . __ .. J _ .. ___ '._ .... __ ._~ 34 5 6 7 
1 2 3 4.5 .6,7 .8_9 0 .I_U .. ~_5 Il. ~ .8_9 ".I .. ~_3 ... L5._8 .. L8 .. 9. 0~·:Ü=>.:i:.5:j:~ :8~9 '0' .~I.,~ .. Ü::~:e.::Ü: 9 if.'(::Z~34· 5 6-'7-8-9 0- 1 ï' i",ï 5 -6-7 ïl9 ~-:-'1: 2.::i.:Ù:-6 ....... -.. '" T" ..... 



, 

o 1 . 2 3 !f 5 6 ï 
i- 2 3 4 5' 6.7 .S."9 0 ':23: 45 '6'7.8 9 0'<2.3 4 '5':6.7 S.'9 O·'·ï .. ZJ·4 5.6 7.-·S.9 O· , 2. J 4 5 6 7 8 9 0 , 2 J 4 5.'6 7 8 910 " 2 3.4 5 6 7 8 9 0 , 2 3 4 5 6' 7 

o FORTR.AN .... 2.00.. .. SOURCE LISTING A D DIAGNOS ICS ... . .. . .... ROGRAM.: 

2 

T ITLER 1 VPO 1 
--'. CASE sn.iD'(--· 

RIVER POLLUTI 0 
HEIN ·O~- WEBER 

PRe 5. 
1966 .. 

3 001 .. _ .. ____ .. _. COMMON ICTRbL TR.IPAGE,IDESC(l2) ,ISTNtlDATE tlDATE2,X ,X2,X3 .• 
002 COMMON ~(3.4). Ai4.~).Xl AR,X2BAR, 3BAR,YBAR.SYSU;AN -

4 003 . COMi'1 N ITEMpltlTEMP2,ITE P3 .. ""._. __ ...... _ 
004 20i FORM Til0X.i2A ) . 
005 202 FORM T(I2,7X.2 3,4X.F5.1,5X,F5.1.5 .F5.2,5X. 

5 006' '-'-'" . "301"' FORMAT (lIÙ. 29-X, 12A3', 27X. HPAG!; .13 ) '--_.,. - .. 
007 ICTR1=0 

6 010 .... --""LCTR=O ..... -.--,.-- ... -- .... ----. -'-'-''''--'''-'-'''-'-' -'''--''_ ... --.-.,,- .... --... ----.. -.-- .. ''' .... - .. -.-. 

7 . g î ~ -.-. -' ._-.;.~ t r , ~ ~-; i:"-'----'" .----.... - .. -... --. ---'-'-'-"----.- .. -------- .. -- .----- --- -- -'-'-"-"- .. 

.. : m ·---i~l!:mg:---- ----- . --------.. ------------ -----1 
016 . --"-'-"'-REA'o (2.2.o1T-T E:sf---- -_ ....... - -' ----.-------.-- .. ---.. - .. -.. -- ----.----
017 WRIT (3.301> IDESC,IPAG 

10 020' 1 PAG =2" ' ....... -... ..... -................ '--"'- .......... '---"'-'- - ... --... -----.... -. '-"'-"---'"'''' 

021 3 READ (2,202) 1 TN,IDATE1.IDAT!;2,Xl,X2.X3,Y 
11 022 ....... -. --.... -- IF (lSTN-99j-l,~,i' ....... ..... """-'" .. - ... -.-.. ---- .. -.--.-.---

12 023 l CALL CHAIN 2 
024 . --._-' .... ··2- PÀUS . di-'" .. --.--.. ---'--'''T--' .. - .. . 

13 Cl.2 .. ? ... __ ............ __ ... _ <:j_q_l _~_._ ... _._ ... _ .... _ ........ _._ .......... _ .... _ ... _. __ .... _. _ ........ __ .. _._ ... _ ..... __ ....... _. __ .... __ .... __ ._ ...... " __ 
o 1 2 3 4 5 

15 .•. __ "._ .. ,."." ._. __ .... _. ___ . __ .. _____ ._. __ ...... " .. _ ... ___ ... ___ ..... __ •• _ .......... _ ..... __ . __ ...... _ .... ___ .. __ .. ___ .,_. __ ._. ___ .. _____ ._ ... ,._ 

16 _ ..... __ .. _ ......... _ .. _._ .. _ .... _ .. __ .......... ______ . ________ ,.,,,, __ ,_. __ ." ... __ .. ___ . __ ._ •. _._ .... _._ ... _ .... _____ .. __ . ____ ... _ ... __ . 

17 ..... _ .... _ •. _ .... __ ... _' __ "_"_"' _____ '_"',, __ . ___ .... __ .. __ ._ .... 

18 ... _ ..................... . ..- .. -.~---.-_.-._-- .- .,._-. __ .... _ .. ---' ~-_ .. -_._". _._--~ ... __ . -.- -_.' -----~---_ .. - .... ~ ..... _-~-_ ..... _- .--.'_ .. __ . __ .-
19 •• - •••• _.,. "_,_. _._ ••••• ___________ • " • ___ • 0' __ ' •• __ ... ___ •• _____ ..... _._ ... __ • '._ •• _. _ .. __ • ___ , ___ • ___ ._ _ •••• _.~ •• ~_ ~ _. ___ ~_ • ____ •• ____ _ 

20 

21 .... -'-_ ••• ,,-~.. -, ._._ ••••• _. - •••• __ • -,-------,_., ---•••••• -.-----.- ... -.-.... __ • __ •• _ .. _ •• - •• --. __ ... _____ ...... __ •• M ______ ,. ______ ., 

22 . . --'- -." .. ' .......... --~ .. _~._-._ .. _. -- -.. --------- .... _-_ ... _----
23 _ •• _. ~ .. _._ .• --- .-.---.--_.----•• -.---___ _ __ ,_. __ ._~~ _·._---_. ___ •• 1. ______ .• __ ~ • __ ._~ _______ • ____ . __ 

24 .... _ ........ _ .... _._-~---_._~_ ... -- .. _--_._------_. _ .. _--_._~ ... __ .- _ .. _ ..... -_. __ .. -.. ---.. _._--...... _- ._-----_._-_ ... --- -.-- ----

25 ••.. "'-" .'- •. ~-_ ... - .• -.-.-----•• _ .• _._-- --_ ••. - ....... _--.- __ -.._ .... _- .. __ .• ___ . ,._. _______ •• ____ .h. __ • ___ ~_._ . ____ .~ __ _ 

26 .- .- .... -._'- .-... -... - ....... - ....... -._. -_ •• - '-' -.- -_.-_._ .• _ ..... _ •..•. _ ... _ •. - ---._., _ •• - ••• - ._ •• _. __ ..... ", .• - ...... ____ ....... _ ... _.. " __ 0 •• _'" '_'0_ • 

C 27 

28 
'"' _. -~.- _.~.'-' ... _ .... _~._--_ .. _ .... _~ ._ ..... -- ... - .. _--- -_. __ ... ~ ...... __ .... -. ..'_._._ .. _ .... _- .... _- _ ... -.- .. _ .... _ ...• '.- .. _ .... _._._." .. '''-'-

29 .-.......... _ .... _ ...... -..... ~ .. -.---...... _ ............ -... _"-. ·1·8'9· .. .;.;-- ... --- .. , .......... -. __ .... --... -...... - ---._ ..... ,-._- ... --_ ... _ .. ' .. 

30 ._ ...... Q ... ___ ._ .. ___ ..... _ .... _ ..... __ ... ___ ~ _____ ._ ..... ____ 3._ .. __ ... _ .. __ 5 ...... __ ._ . ____ ._.!:i._._._ ...... _._._() _____ ........ _.:... .. 7._ 
'. 2 J ~. 5 .6. 7 0 9 0 '.2. J .4_ 5 ~ .. ~ .~.Il 0 ... ' .. Z}.~ .. 5_l!..7. 8 .• 9 C? ... t~.3_4.Jj.~_.?. .. 8_9 !! .. '-~ .. 3 ..... 5_L~_8 .. 9 .Q._'.~.ll.5_fLL8 .. ~ !U_ .. ;"J_~.l! .L!...!L.? .Q. .'...z...3~.5_~7 



1 2. 3 4 5 G 7.8 9 0 1 '2 3 .4 5 6' 7: 8 9 0 1 2 3 4 5"6 7 09 0'.123 4 5'6 7 0 9 0 1 2 3 4 5 6 7' 8 9 0 1'.2: 3 4 5 6 "70' 9 01 2' 3 '.4' 5 6 7.0 9 0 1·2 3' 4.5 6 7 ; 
;j .. .. 2" .. '3 . . 4" . . 5 . . . 6 .. . '"7 . 

o *CHAI.N .2 ..' ____ ........ " 

1 FOR.TRA~.J 200 

( 
2 "001 --.-.-... TI.TLE;ê6~~g~·'ICTRT,I': TR;!"PÂ'G'E', IDESC", (2),ISTN,IDÀt'Ë' ,l'oATE2,X ~'X'2'~X3--;Y 
3 002 .. __ ._ .... __ . __ ._ .. COMMON A(3,4)" AC4,5) ,Xl AR,X2BAR, 3BAR,YSAR,SYSQ,AN ............. ___ .. 

U03 CQ,'VlM N 'ITEMP(,ITEMP2;ITE P3- '-' -- .. -- ... -- .... - .. - ... _--
4004 202 FORM TCI2,7X,2 3,4X,F5.lt5X,F5.1,5 !F.?.~,~X, 

005 40C FORM T (F4Ef2~'6) ............ '. . -- ..... . 

5 006 AN=O. 007 DO 2 j='1~'4--""-'--'" .-... ---.----- .... ----... -- ..... - ------.--."'-......... _-- ..... -_ .. -. .-.. ---....... ---

010 DO 2 1=1,4 6 '01 i SA c' l, J) =0';"-'--' --.--.. ----- -- .. ,,----.-_.,--. ----.--.. -- ----------- -." -----------

7 012 2 CONTINUE U13 """-''''ilBA =O~"·-----·---"'--···_'---' ---.,,-.---- ---'-'-" ----..... -.----- .. -.--------
8 014 X2BA =0. 015' X3BA =o'~' --." ..... _-- ...... --- ... '''--'----' .. --.-.. -----.. - ... --.-.-.-.------- .--.--------.--- ----.-.----

9 016 YBAR O. 017 - ... ..- '-'SY S'Q 0 .-''''-' -'--- .... ---_." "._- .... -- . -.---..- - -----.. --.-----. --.-- .--.--.------

10 . 020 ..... .1"7._~~~~r ~~trbN--(fF· èb'RRELATI j\js-"- ._.-- .----... -.----.... --------.-.-......... ----.... --

021 / AC1,1)=Xl*X1 
11 022 "--"'-'A C 2.1) =X 1 *X2 

023A(3,1)=X1*X3 
12 024·---·· .. -- .. ·-· A (f, ) =A'(2'-1 f-'''' .--.. --.. --.---- .... - .. -.------ .... ----.--.. -----........ -----.---. 
13 025 . A (2. ) =X2*X2 

026
1 

..... -- ...... -..... --/(3; )=>(i-it/3--' ·- .. -· ...... 3·---- ···----4 ..... ·· ... · ....... ---5---· ------6-. -.' ·-·----··-7 .. ·---
14 ,027.,.: .. '...':."" . ...!.!:..:'.=..A,( 1., ). =.A. C,3'.P.!:..:, ('--'.?:...:'...:' • .'·._~2.-'~2' ('-~.l....'.:~.:: . ..'!..?--'~~ 2..: .. =-.L:!...:'.L?..!!.2 .').':_L~-:!...?_.:L!..~ __ 9 :?~..?:..?...:'.~ .... ~ .. .?. 

030 AC2, )=AC3,2) . 
031 A(3,' )=X3*X3 15 032' -•.. , .......... - ...... AC 1'- ) =Y*>(l .... ·-·· ......... - ............. - ..... --. -- ---........... -- -...... -."" ... -----. --..... ----.. """'- ............ ... 

033 . A(2, )=Y*X2 
16 . 034~"- -...... - "- '._-- --'A (3', ) ='y*X~-- -._"" -....... ---.--------.. --:-._-- ,--.--".--.,--' .. - ."-- .... _. ---'--... --_. __ .. __ .- ----.-.-----

035 ITEM l=ISTN . 17 .036"" ... -........... -.- l'TEM 2='1 DATE C" -.--.... ----......... _ .. _ ..... - .... -- .------.-.----.-.,. --.. -----.-.... --.. ---.--... 

037 ITEM 3=IDATE,2 
18 040' -...................... X1BA. =XIBAR+Xl' ..... - .......... - .............. - ... ---- .... -. ------------. --.--.--. -----.-.-

041 X2BA =X2BAR+X2 
19 042 ...... ·- ..... ---.... X3BA =X3BAR·+X3· .. -----· ... · .. ·---· .------- ------- - .. ---.---- .-.--.-.-. 

043 YBAR YBAR+Y 
20 044 or"'" -•. _-" •• _--. SYSa SYSQ".j: cV*Y) .--.-.--~-._ .. -------.-_. _ .. --.. ..-...---- -----.. ---.---

045 DO 11 J=1,4 
21 046 ' .... ' ~ ........ DO "lI" I:: 1;3-.... -.. · ... -..... ''' ... ----....... -.--.-.. - ----.--.. --.-"" -.... --..... ----- "'---'---

047 SACI,J)=SACI,J)+ACI,J) 
22 050 ... - ..... -'11"CONTI NUE"'- - ...... _. --.- ..... --... "" .. --...... - .. --.-... -.-----.. --- ----.--.-- -------- .. ---

051 WRIT C4,401) 1,X2,X3,y 
23 052 .--........ ~-- "REAn C2,202l""r TN"'IDATEl' IOATE2",Xl" XZ,X3;y·--·--·----,,·-~--·----

053 IF CISTN-99) l ,13,13 
24 054 .. -.. - .. · ... 12- IF (1 STN.;.;rrEM·p )-TS";t'4-a .-.------ ---'--- .-------.---- --.------
25 055 14 IF CIDATE1-ITE P2) 15,16 15 . 

056 '" 16'" IF Cl DA TE 2;';'1 TE: p·3·r"15·-;·1''715---·------ .. ----.~._--.-._ ... --.--.--- ---....... --
26 057 13' ICTR1=1 

060 . ·15' END' 1 LE' l.-'-"-""" .---...... ----.----- .-.. ----.-.---- - .... -... ----... - .---------.-..... -.---.-....... - ... 

061 REWI D 4 
27 062 ...... CALL CHArN' -3-'-'- ..... -.--.... -... - ..... ------.--... -"" ... --.--... ----- --.-.-.. --.. -.-.-.. --.--.... ----

28 _ ..... .-......... ___ ........ _ ........ _______ ...... ____ ... ____ ....... _ •. ____ .. ___________ .. _._ ... _ ... __ . __ . _____ .... _ ... _ .... __ .. _ ........ ___ . ____ ... __ _ 

29 ' ... - ..... _ .............. , ... -- ................. _- ............. , .. ----........ _ .. --- .. --:--.:. """90"-':'·""'"---''' .---.... - .. - .. ---- ..... --.. , - ... ""---.. .._._- .... --
30 ,_ ... ""Q __ . __ . _. __ .... _ . ..t . __ .... ..... ._..:..... ...... 2_._ .. _._ .... _ . ....:... ... _3 ___ -___ . _ .1_. __ . __ ..:.. P _____ . _ .. _____ .. _~ ....... __ ...... __ ._'-....J.._._ 

12345 G 7890123.56789012. 3.56789012. 3.567890123.5678901 Z 34 5 6789012345678901234567 ....... -- ........ - ... - .... "'." '"'' ..... '--""''''' ". r .. ·_· ................ _ .. - ........ - .• - ... _-,,- -----•. ------- ----..... - .. ------.- -----------. 



, 234 56 78.9 0'··.23456" 8 9 o.' 2 3 4. 5 6-·i.~. 9 0.:2.·34 56789 ° , 23 456 789 O· ,. 2. 3··" 5 6 , 89 ° i 23" ·5·'.6789 ° , 2· 34·.56.·" 8_9 ° 

;} 1 2:3 5 6 7 
o CHAIN 3. __ ...... _... ...... .. 

( 

1 FORTRAN 

001 
3 002 

003 
4 004 

005 
5 006 

6 007 
010 

7 011 
012 

8 
013 

9 014 
ù15 

10 U16 
017 

Il 020 
021 

12 022 
023 

13 024 
025 

14 ·026' 
027 

15 030 
031 

16 032 
033 

17 ·034 
035 

18 036 
037 

19 040 
·041 

20 
042 

21 043 

C 

SOURCE l:I.STING AND DIAGNOSTICS .. _ .... o .. 200 ROGRM1: RI V . . .. _. 

ITLERIVP03 
..... COMf\'IO'~ r"CTR"i ,Lc fR',IPAGE tI DESC (12) ,1 Sn'.j ,'IDAT E 1 ~ I DATEZ" ,X 1 ,X2,X3',Y- -

COMMO AC3,4),SAC4,5),X1BAR,X2BAR.X3BAR.YBAR,SYSQ,AN 
COMMON' ITEMP1-,ITEMP2.ITE P3 - ..... ~ ... - -.... ~ , .. _ .. 
DIMENSION SAP(3) 

30 l FOR~1AT ( IH 1.29>< t f2A3~','2'7X, 5HPAG~ ",13/ f·····- .. _-.. -.. --.. --.- -..... -... -...... _~ ....... '4_ •• - •••••••• .' -"--" ~ 

302 FORMATC9H4STATION ,I3,3X5HDATE ,2A3,4X,5HBl - ,F9.4,3X,5HB2 = , 1F9.4,3X,5HB3 = ,F9'-4)· .. .. -- .-. -- -· ... ·_0.0.· -- ...... _._o_o_._ .. -

303 FORMATC1H ,29X,~HR = ,F8.3.4X.5HA = ,F8.3/) 
304 FORMAT(lH' .33X,2H)<l,7X,2 X2,8X.2HX3,9·X,lHV,9 ,iO·H"Y-COM Ù'(EDj·)--- 00 

305 FORMATC1H ,30X,F5.1,5X,F5.1,5X,F6.2.4X,F5.1,8X,F8.4) 401 FORf\îAT CF4E12.·6) o.· - ..• . ... _. -. "-' .. --.- ..•• 0-.-··- .-.-------.- .----.---.. ---- -

CALCULATING ME NS 
X1BAR=X1BAR/AN .-
X28AR=X2BAR/AN 
X38AR=X3BAR/At~ . 
YBAR=YBAR/AN 
Ae1,1)=AN*X1BAR*X)B~R 
Ae2,l)=AN*X1BAR*X2BAR 

·-Ae3,1)=AN*X1BAR*X3BA~ 
AC1,2)=AC2,1) 
AC 2,2) =AN*X2BÀR*X2B·AR--· 
AC3,2)=AN*X2BA *X3BAR 

._ '._ ...... ___ . 0 .. _0.·_ ... __ 0. ____ .. ____ . ____ ._.00 __ .. 

--Ae 1 d) =A C 3,1>' . ..~, . _·000_ ·--4--·-- - ----.0--

5
-- 0.-- -_. ··--6----· .-.. -.. --.]--- .- -

_~_:._.:.' ... , . .::A.(2,3)=A(3':.2) H n~, 1;" :...J., <l_:.~) __ ~.~ <?.~ .. ~_"\,.:: .. ~_r,.}.2.<:'o IL!,.:- .. :..:!.~: .• r' .. l.~:~ ~.!..1-]-!..2.~7~.C.~2-?'-:"'~2~.:":Jj 
--A· (3 t 3) =AN*X3B"AR*X3BAR 

Ael,4)=AN*YBAR X1BAR 

--~ .. ,.oo~~; :~~ ~~~.:~.~~~. ~~.~~~ .~~~~·o ~_~~~.=.~oo=_- •. ~_~~.~: .. ~-.._.~~- ~~=.~~~=o .~o~-._~~~=·=·-~o~o ~r 
DO 18 J=1,4 
DO 18 I=1.3 

-·S'A ( l ,J) ·:·S·A'C·I-·.J') -A"cl ,. J-f·--···-- .. -... --------... -... -.. "-~~------.-,,- _. _ ... _.-- -'--'~' --.->0.--... __ .. _-'- -, 

18 CONTINUE SX1 y=sAc l-;AT-o ·0· •.. - .. 0----- ... -. _.0 •. -------- .--.-----0-.- ---00----. -----·-·0.-.. -

SX2Y=SAe2,4) SX3Y=SA·( 3',4">" 0.- __ ._0_._._ .... ---00 - .. 0----0---0-···.0--.0-- •.. --. __ -o.· - .• --- .--._-. ----.--. 

MATRIX INVERS! N DO 21: M= 1·,3·'--" -- 0-.0·-' .... --.0."-. ---0---.• -----. --0.0--- - - 0-... - ... ------. _0 __ . ____ .. _ 

044 ...... -- .. . SAP e 1) =SA (1 t 1) ._._ .. ___ .0 __ •• ____ ••• _______ • J 
·····SAp·(2)·=·SA-(2·-,·1-r··· --'''--~'''-- ... -.- .. "--~'''-'-'._''~--'--' ._-'-"-"._-"'--" 

22 045 
046· 

23 047 
050 

24 051 
052 

25 053 
054 

26 055 
056 
057 
060 

28 
061 

29 

SAP e 3 ) = SA e 3 .1 ) DO 22 .J= f;4·--···-· ----. --'_'--'0' '---'-... 0-_--.0-.' __ o. ----.0 .. -

SAC4,J)=SAel,J 1)/SAPe1) DO 22· 1=1-,3-0 .. - .. -.-.-'.- ..... --... - .... ----.... --.. 0.0-. --_.-.--... --.--.- .-----.-- ... ----.. ---.-0.--.•. ·-·.--.0 .•.. o .. 

SAC!,J)=SAe!,J l)-SAPe!) SA(4.J) ·22 ·CONTINUE· .-.. ---.- ... - .. 0"'0_ .. 0_ .... -.0 .. --'0-.. ' _o. - ..... " .. -_._0.0_-'---. -.-0-.... -0--.--.... - ...... - ...•. _'0'-- .-

DO 23 1=1,3 __ . ___ . __ . 
DO 23 J=1,4 
SACI,J)=SACI+1,J) 

'2'3 ·CONTINUE.. . .. - _.- -- -.-
21 CONTINUE 

R=SQ· T( (SAel.1)*SX1Y';·SA""e ,lT*sX2Y+ Ae3,D*sX yr/rSYSQ:';' N*·YBAR*VB R 
1) ) 

.. -.. ·AA=Y AR-~SA(i'·l) -)tXiBAR';SAC 2',l >*X2BA ";SA(3',-t) oit 

..... _ .. _ ..... · ... 0 - ... ---- - ... --- ...••... - .....•.. '-0 .. ---.--.... '.:' .. :.;- fSh .. - : .. - 0-.--.-... -----.... - ... - ... --0 .. 00_.'-.0'- ___ ... _ .... _0 .. __ ._ .. 0 . 

30 . ,C~. ' ... .1 .... r ••••• _ .~ ..... _.2 . " ......... ~ __ . __ ..... ~._ ..... _.~ ... _.~.~ ... _4 ..... _" ........... _15 __ ..... _ '_'._ ... § .... _: __ .M~. __ • __ ._._. _.?._.~. __ .. 
'.2 3 .4.5 6 7 8. 9 0. , 2.3.4 .. 5.6 7 .. 8.9 Q '02_ 3 4.5 .. 6. , .. 8_.9 ° 1_~_3_4. 5 .6._7 .8 .. 9 .O' ... ' •• ~ .... 3_:'!..5_6 .. 7 _8_09 .°'0.' .. 3..3 .4 •• 5 ... !LL8_.9 .. ~.t~.3~ ~ _~U!. .. 9 oCL.!._2 ... L~ 5~_.~ .. ~ __ 9 0_ 
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1 2 3 4 ~ii. 7.8. 9 ° 1 2 3 4. 5 6 7 8 9 ° 1 2 3 4 5'6 i 8. 9 ° 1 2 3 '4 5 6 7 8 9 O' 1 2.3 4 5 6 7 8 9 ° 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 ° 1 2 3 4 
~.' . . 2' - .~ <- . 5 Li' . J 

o 062. 
063 
064 
065 

IF (LCTR-4) 25,24.24 
24 WRITE (3.301)!lJESC.IPAG 

.LCTR=O 
IPAGE=IPAGE+1 

25 LCTR=LCTR+l 2 066 
067 

3 070 
071 

4 072 
073 

5 074 
075 

6 076 
077 

7 100 
101 

8 102 

· .. mITE(3.302f"-liEf\~pi.ITE P2.'lTEMP3.SA"ë(.u.s (2.1'-'-SA( .1) 
...... ___ WRITE (3.303) .AA. 

WRITE' (3.304) 
N=AN 
DO 31 . K~ 1 ,N"'" 
READ (4,401) X1P,X2P,X3P,YP 

.......... ····YSC= A+SAÜ,U X1P+SA(2. >*X2P+SA(' .U*X3·P 
WRIT (3.305) lP,X2P,X3 .yp,YSC . "'3t"CONTINUE· .. ··-.... ·· .. · ...... , -- ..... 

REW!, D 4 IF (1 Ct·R·l-.:~ïi··~-i~, 3·2~·3-2·_·---_··· -- . __ .~ .. _. -_ .. _._ .. - .----.--.... -.......... - ... _ .... -
32 PAUS 02 

103 
104 
105 

....... _ .. -.... .. CALL CH'À'r-N---ï--" .... _ .... -""-"-" ..... - ........ ---.. --. - --_ ... _-._.... .. ._---......... _ .. -

1 CALL CHAIN 2 9 _ .......... E'ND' .... """.-.,,_ ... -,,-- .......... _ ...... _.. . ...... "'-'''-''_ .. --"-" ... ". "--"-' ................. '.--......... _-.-. 

10 ''''''_'_'''' ...... 

11 .................... - .... _-.............. - ....... _ ... _.-."_. __ ,,,,-_._ ... 

12 . ,_ .... , .' . ___ ...... _ ... __ ..... _ ... __ " 

13 ................ _ .. __ ........... __ ._ .... ___ .. 

7 
14 ·_:'._\ .. ::~·l t, :._~ ~ J .. ..! .. ;: .::l..:.!._~_..! . .:!...~: r1_.}._7: ... .;~~_~_~_.~_~~.:~ (:. 1 . .?~.2 . ..:!...:·.~. -'._~ ~I !J .. : _~_.!. :: __ '.;.~.-' .~_ ~ _'?.:_3.._.~_i..~.i.?_l!...:.. ~, . .!..22~-:~ . .i.1..~! __ ~J, .:~ _1 • ..?:...!.3.. 

o 3 2 4 6 5 

15 ..... _ . ___ .. _ ............... _____ .. '-" __ ". __ 

16 " ... ________ ............. _. __ ....... ___ .. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 
- 1 

30 ,,_._ P._ .... _.__ .... __ ..... .J ._ .. __ .. _ _ .. ___ ._~ .. _ ... :._._ .... ___ .. _..J __ "_' __ .. _ .... _.1 ___ .. __ ._ .. !5 . ___ .. _ ... __ .. __ ._.6 ... _. . _. _. _ .. .1 
1 2.3. 4.5.6 •. 7 .. 8.9 () 1.2. 3 .. ,\_ 5.~, 711 .. 9 ° .I.2 .. 3!1. 5_!1.7. 8. 9 .. °.1..3 .. 3_4. 5 •. 6_.7 .. ~. 9 .. !U._~ .. 3 •• 5._6 LI! .9 Q. 1 .. !.~_L5_.IL!..I! .. 9 !U.3 .. ~._~ .. s. .~_.?,L9 .. Q.J_.2_.3...i .. ' 
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APPENDIX D 

MAP OF THE RICHELIEU RIVER SHOWING- 1. DRAINAGE BASINS 

2. STATION LOCATIONS 
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