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ABSTRACT
&

In the current Water Pollution ¢ricis, diffuse
sources such és urban sto*é runoff are beceming more ime
portant with the modern adv;mceu in Lhe technolopy ol sewage
and industrial effluent purlflcatlon.

| So far most of the studies on urban storm runoff
have dealt with only water qualit} problemﬁ, and with a
1imited number of cons tltuenta. .But the old saying that

water quality and quantity problemg cannot be divorced is, -

ﬁnquostionable. To accomplish this goal an 89 acfe residonte

Fl
s

ial area with a population density of 8§ persons/acre was

. P . . 3
- chosen for this study, The cquipment was set up in a storm -

manhole. ™ Grab samplgs-werc'collected every two hoﬁrs by an

‘automatic liquid'sampla~suppliod'by‘Egsting Machinﬁs hpler-

national of Canada, and the discharge was measured continuously
by an Afkon Water Level Recording Instiument., The oamples
were collected from January 1971 to December 1971, for-20
storms covering all seasons. In all 85 uamples were analyzed
for 19 different paramotcrs (chemical - and blologlcal) during '-
the study. Rainfall data was obtained {rom the Geography

N - _

Department of tho University of Windsor.
3 .

Besides.finding average concentrations annually and

‘seasonally for these parameters the annual znd seasonal loads

in 1lbs/acre of those parameters were also calculated by using

iii



measured discharge data and annual rainfall in ﬁindgor.
Certaip pollutional loads were also compared with that of
sanitary sewage. Runoff coefficients for different seasons
were determined from field data and their importance in
total poliutional ldads discharged scgsonally to the Detroit
.Plver was deﬂOnstrhtﬂd; The effect of rainfall intensity
and dlscburre on concontratloﬂ; of’ these constltuentg was

discussed as well as- the mutual interdepcndence of these

parameters.

iv .
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Cnnprzn'q

Today the techhoio%y_oi sewage and industrial
effluent burificaﬁlon-is nufficinn%ly‘advanced to provide
‘the anltary EDFLHEGP with A Bound basis for the 1np1cm°nb-

“atlon of control mcasures to protect surface water ‘supplies.~

In contrast, the Dollution load conurlbuted to water supplies

by runof{l and drainage from hlrhly devcloned rebldentlal 1n-'
L

dustrial and agricultural areas dérlng bath vet and dry perlodq

is becoming a serious problem. The 1ist of pollutants carried.

. i .t
in runoff from Lhese areas runs tho whole famut of human active

1ty but can be ‘broadly classed under organlc,naterlalﬁ,’mineral

N

matters and bacterla. . -

Theue materlals originate in many ways such as lawn
sprayu, household refuse, 1nduotr1al rcfuso as well as.salf
applied to roadways, agrlcultural sprays and fcrtllluers.,p

Eventually these materlals find their: way into water courséu A

(W)

which drain into 1arger riveru, lake and rescrvolrs, which (E:,‘

constituto By far the most 1wportaat ‘sources of publlc rater
supply. !Tho bulk of those polluting materials collect irn
surface water SUppllO” to form bottom sedlments. The ‘rest ' "
remains in solutiOn.Or suspension in the water, The sedlments
and supcrnatant water form zones of active blolog gal and

¢

‘ bio—chemlcal activ1ty and play an important role in the pro-‘

coss of solf-pur1f1Cat10n.



These dirfuse sources of water pollution assume a
greater inportance “s the pollutlonal loadLngs from concen-
Eratod waste effluents are reduced. Recorded effluents may '
account for only one-half or ocne~third of the total B.0.D,

. 10ad1ng that enters the river system (l). Under such con-

_ ditione alternatives to advanced wasto treétment, such as
inétream‘treatment must be coneidered ThlS indicates the
need for ﬁsing the sys tems approach to the water quallty .

\ : ) problem within a rlver system. Long:range preservation of
‘\“N—- \_zle quallty of water in Canadian lakes is depen&ent upon:
further successfiil efforts to reduce pollut10na1 10adingu
from diffuse sources.,
In the thirty years from 1928 to 1958 the annual
productlon of synthetic detergente and other surface-active
agents in the United’ States roue from one- mllllon lbs. to a
tremendous total of 1500 million le.‘WhllG the annual man-

. Efacture of ln"eCtICldQB and other agricultural chemlcals
Erhcreased from one million 1lbs. to the lower but still stagger=-
1ng flgure of 550 million (2), and in 1967 the production of
ipcst1c1dal chemicals rose in the United States to the figure
0f+1019 million pounds (3). Thus one of the~present-day ob=

;o jectives of env1ronmenta1 englneerlng is the control of mount-

ing chemlcal hazards, urbanization, industrialization, pop-

-ulation growth, stepﬁed-up agricultural pdeuttion and re- L




. ~are 50 proud of the beauty of the lakes of Zurich and Geneva;

source dovelopment, all of which create massive increasecs
in the synthosis and manufacture of chemlcals. This of
course causaes a corresponding increase in the pollutional

load on the atmosphere and hydrosphere. LaPe 3, as well as

] streams, are feeling the impact of chemical contaminants,

through accelerated eutrophication.

Sanitary enginee and ecologists musl become more

résponsive to the dangers of\&ike sutrophication. This

,awareness must become as kecn as that of the Swiss, who

and our -detormination as firm as that of the Germans who are

50 carefui'with Lakeo Constance, the ultimate source, of drink-

ing and industrial water for hzlf their land. “Tn’Eﬁfo?ean
experience, phosphorus has usually been the controlling cle-
ment in the eutrophication of lakes, manlfeat in nuisance

blooms of weeds and plankton, the accumulation of bottom

dBPOBltSi the disappearance of game fish and the acceleration

of overall lake destruction. The above qbgervatlons by

5Professor G.M. Fair (2) outlines one of the most serious

pfbblems—confronting the modern'practitioner of enfironmental

engineering.

Eutrophic waters are more expensive to treat because

of the shorter length of time that a rapid sand filter can be

usead without'backwashing._sIn a deep thermally stratified lake,

-

£l

-

N



undesirablg guantitfies of hy&rogen sulfide, iron, or mangan-
ese, frequently arise when anaerobic conditiens occur in
the;low-temﬁeraturo hypolimnetic wﬁteps. However, the demand
for cool water for drinking and industrial cooling purposes
feﬁuircs the use of such hypolimnotic'watcrs; The eutrophica=-
tion of a water supply can seriously affgct the copling system
through the corrosién of pipes'ané appurtenances by algal slime
growths.- Eutrophication-is also ofAconcern because, of the in-
\\freased salt content in irrigation watefs (4).
f _' It éppears tﬁat-the quality of stomeater from a
separate sewer system is very unsétisfactory in spite of the
~separation-of COmblned sewers into storm and sanitary sewers.
Morrison and Fair (5), ¢tudled a stroan haV1ng nd known pollu-
‘tlon from domestic sewage and concluded that runoff from the
surrounding water éhe% was the most importan£ source of bac-
terial contamination. A review of water borne disease outbreaks
occurring in the United States from 1946 ‘to 1960 lists 228 known
outbreaks, at least 29 of which werc associated with stopm-
water runoff (6), caused either by rainfall washing human and
animal feces or other sowage into welis; springs, streams and .
reservoirs. This indicates that rainwater discharged from |
separate sewers in urban areas can ﬁave as great or even.more,
than double the pollutihg effect of domestic sewage, and can
damage the receiving étreaﬁ particularly if the area is in=-

dustrialized.



As highly polluted stormwater is usually discharged
without treatment into the‘receiving ﬁater; the effect of the
separation is thus diminished. There has, however, Been
figorous discussion as to whether this direct discharge of -
stofmwater into streams can be justified for the future. |

The determlnatio; of the quality of surface waters
is equally as 1mportant as the total volume of the pollutants.
The old saying that water_quallty and quantity problems can-
not be divorced is unquestionably\true. In the case of a
_?unning stream acéihg és a receiving wafbr, the quality is
generally more imﬁortant. A éhort high peak of contamination
with suspended matter can have disastrous results, A gdod
. exXample is the fish killed 1ﬁ the Missouri River by heavy
storm ;ater runcff reaching the river (7). While fér stored _
water in a lake acting as a receiving water, the total“gquantity
of pollutants becomes more important., This amount can be
ascertained only if tgz amount of the effluents as well as the
concentratlon of the contamlnants is measured

The large expansion of housing .and highway construction,
with the ensuing replacement of permcable surfaces by impervious
ones, has reduced infiltration of precipitation Eo the water
table. A dual\irbblem is created ﬁy this -rapid urbanization;
loss of replenishment of underground w&ier supplies, and in-

creased collection and disposal of storm waters,

>
—

%,
¥



‘ﬁ Some other hazards of increasing quantity and de-
creasing quality of stormwater are shoaling (mud deposiis)

in lakes and pollution of bathing. beaches during the summer

after heavy rains,

- Urban storm¥ater can be used to meet water scarcity
problems. Reservoirs can be refilled directly from urban
runoff., However, in some cases it may require Fertain Pree=
treatment. A proposal to use stormwater for rebreational
purposes has been reported in Minneaﬁolis, Minnesotd (8).
The use of stormwater for agriéultural pufposes has also
bécn reported in Israel (9) and elsewhere.

ORJECT
The object of the present étudy was to determine’ in
a typicel residential aréa, ’
(i) the variation in the quality of.stormwater_runoff on
' a prolonged basis with a two hour sampling interval,
(ii) the_duantity and qu;iit;rrélationships of ufban storme
water runoff, and |

(11i) the effect of the intensity of the rainfall on tho

quality of the runoff.



CHAPTER IX

LITERATURE REVIEW

A limited amount of rescarch has been undertaken

to idcntify\the vater quality constitucnis . of urban runoff,
Until about 1950 engineers were most concerned with develop-
ing proceduros for estimating and dealing with ihc exceedingly
large quantities of runoff produced duringlintense storms - on
urbanized areas. So far the hy&rologic and water gquality data
necessary to compute the total pollutional loadin £s of various
\cgnstltuents arc very meager. However, such data are eszential

since a knowledge of the total pollutional loading is important,

partlcularly in casés ubere the objective is to detor?xwp the
impact of the waste flow.on a receiving stream, For e\hmple,
ia short high peaked surface runoff hydrogrhpn 0f suspended
matter could be expected to affect more serloasly a rnglVlnG
' water than a hydrograph rhlch released the same volume of
' " susponded matter over an extended period of time.

A translation of a report (10) on the results of-a
sampling study of stornwatcr runoff in Moscow, U.S.S.R. in
1936 indicated B 0.D.'s of 186 to 285‘mg/lhand suspended
s0lids of 1000 53\5500 mg/l Runoff samnles from Leningradts
cobblestone paved streets in 194850 contglned B.0.D.'s of
36 mi/1 and suspended solids of 14,541 mg/l.

Summer rainwater drainage samples mainly from streets

Ll



and bﬁrkz in Stecihnlm, Sweden, fron 10h5 to 1648 (11) in=-

- dlcaued the median value for coliforms at 4,000 per 100 ml,

“total solids 300 mg/1, fixed residue 210 mg/1 and B.OQ.D.
"17 mg/l. The levels for individual samples ranged as high - -
as 200 OCO/ICD ml for collfor.s,.B 000 mz/1 total soiids, and
80 mf*/l 5.0.D. ) ‘

Palmer (12) sampled storm runoff from land surfaces
at street catchbasins in downtown Detroit in 1949, He found
B.0.D.'s on the order of 96 to 234 mg/l, total solids 310
to 914 mg}l and coliform MPN's of 25,000 to 930,000/100 ml.
Palmer (13) also revorted similar sampling during a number‘of
Detroit storms in 1960. In these instancesﬁalso the pollutant
concentrations were higha Suspended so0lids means for a number
of samples from two storms were 213 and 102 nmg/1 regspectively,
coliform MPN's for four storms ranged from 2,300 to 430,000/100 ml.
Concentrati;ns Yariqd Widely betweon points and at the same point
during the storm runoff. In some casos the quality of the
storm runoff became worse as the storm progressed and in others
it became better, and in still others no pattern was apparent.,

In 1954, a study of surface runoff from & 611 acre
estate with separate sewers at Oxney, England (lh) indicated
B.O. D.'s up to 100 mg/1 and suspended solids values of up to
2045 mg/l. B.0.D.'s tended to incrcase with the length of
the antecedent ?ry weather period up to 8_to 10 days. Compuf-

ations were made tp compare discharges to the river from the



separgte systems with a hypotheticai combined system
r'whereig all flow would receive treatment on the basis

of assumed treatment plant effluent levels of 20 mg/1

for B.0.D. and 30 mg/l for suspended solids, it was con-
cluded that the separdto system'rcduced.the B.0.D. loading
on the stream but ihcreased the suspended so%ids loadings
600 to 700 percent’ First flushes were not much more poll-

uting than subsequent flows, except after long antecedent

/
/

d{y periods. B
In a study made by Sylvester in 195960, stormwater

samples from Secattle (15) street gutters, contained constitu-
oent values as follows:turbiditiesu? to 1290 units, colour to
350 units, B.0.D, about 10 mz/1, coliform MPN's to 16,100
per 100 ml. RNutrient values were nitrﬁte nitrogen.to 2.80
mg/1 and phosphorus to 0.784 mg/i. The highest constituent
) concentrations’ usually were found when antecedent rainfall -
had been lbw.On this basis Sylvester concluded that stormfr
waters should not be admitted to Greoﬁ Lake because ththwou%p
hgstan the lako choalings, and also because they were high in
nutrients and woﬁld réndor useleés dny method‘of algal control
aimed at limiting' the food Supply.

’ Stormwater samples from rosidentiél purks, schoolé
and sportsgrounds in Pretoria, South Afriﬁﬁ (16), revealed

coliform counts of 240,000 por 100 ml, dissolved solidg

228 mg/l and B.0.D. 30 mg/l. From business and flat areas



[
-0

the con centratlonu ; re COllfD“"S 250, 000 per 100 ml, dis-
solved solids 194 mg/1, and B.0.D, ,u'ms-,/l.

A summary of constituent concéﬁtrations‘found in
the runoff freom a 27 acra residential and lircht commerecial
arca in Cincinnati, Ohio (17) (18), by the F.W.P.C.A. 1962;64
is fiven in Table 1, to point out the dehrbe of pollution *
and the range of values one might expect from urban surface
wash;_ The authors clasgify thizc area as a2 "relatively clean
type of urban use" and Lherefo"c infer that untreatcd runoff
'from man} urban areas 15 likely to be unacccptable to re-
‘ceiving waters without sone pretreatment

The quantity of nutrlenuu found in the Ciﬁcinnati
d#ta are of particular interest since they are greater than
the b.j mg/l inorganic nitrogenrand 0.0% nmp/1 orthophosphates,
indicated as threshold levels for algal blooms.

The Cincinnati studies Endicated 5 wide range in
coliform group densities. In 90" percent of the samplos
a density of 2,900/100 ml was found., This considerably ex-
ceedg the criterion of 1,000/100 m1 commonly used as a maxe
1mum *for bathing waters in the United States. Both fecal col-
1formq and fecal streptococei wers found. Their presence
indicated that pathogenic microorganisms might also be ex-
pected,

Constituent loads in the above urban runoff were

calculated both on an annual basis and on the bagis of daily



Urban Runoff in Cincinnati,

0

Summary of Constitue

-~ THBLE 1

nt Cancentrateg in the

Ohio (1962-64)

-t
Cpe

Constituent

Range in Values

Mean Stofm Value |

o o

Turbidity, J.7.U.
Colour, unit

pH «

Total Hardnegs as
CaC_Q3 (mr/1)
Chlorides (me/1)

Volatile Suspched
Solids (mg/}) |
B.0.D.. (ng/1)
Inorgaﬂic Nitrogéﬁ
(mg/1) |
) Hydrolyzable

Coliforn organisms

‘Total Alkalinity (mg/1)

buspended Solids (mg/1)

MPN per 100 ml:-; ’

|

PO, (me/1) -

30 - 1,000

10 -~ 460

T 5.328.7

10 -« 210

19 - 304
3 - 428
5 - 1,200

1 - 290

1 - 173
0.1=3.4

0002-? .3

2,900-460,000

';76

87
745

29

81
12
227

o7

17

1.1

\
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discharyes during storms and were cempared with sanitary
seware prroduction at a 9 verson/acre nonulntlon ~density,
These indicata that the pounds of suspended s0lids discharged

annually 1n’the runoff OQLulG 150 pe‘coqt of those produced
'

;as sanlta ¥y sewame K d.O.D., 7 Inrcent, to al hydrolyzable

' phowbhatc 5 p‘“cenv, and totzal nitrogen 14 percent. During

h ~

runoff, stormwater runoff constituent dlscnarge rates, exw
pressed. as perpcntaqes of averacge raw sewvage constituenp
production rates_at the same population: density mentioned
above are suspénded s0lids, 2,400 percent and total nitrogen
200 percent. |

Burm, Krawezyk, Harlow and Vaughan (19)(20), made a
Study in Ann Arbor, Hichigan in'tﬂe period 1963-65. Table 2
gives maximum values obsérved and the annual rmeans odeifférent
constituents,

Total coliform and fecal coliform denulhles shoued
a significant increase in mavnltude during tho warmer summer
months; Initial counts from both tombined and separate storm
sewer discharges were éithé} moderately higher than the rest
of the results or at about the same level, This ind;Fatcs
that any effeot of “flrut fTushlng“ (that is the iﬁitial parf
of the storm) is mlnlmal For-B.0.D. mean values from the
initial time were r-1¢,n115‘1c<:mt].y hlgher'than those observod
during the remainder of the dischargcs. The ‘reason Tor this'

phenomenon is that the sewers are gcoured clean during the



TABLE 2

Analysis of Urban Storm Vater in Ann- Arbor,

Michigan -(1953-55)

13

Analysis Maximum Value Observed

Annual Mean

B.0,D. (mg/1)
Ammonia (mg/1) - C
Suspended Solids(mg/1)

Volatile Suspended Solids
' (mg/L) - _(//l

Orthophosphatos (mé/l)
Nitrate (mg/1)

Total Coliform/100 ml
- Fecal Coliform/1Q0 ml

62
2.0
11,990

570
3
3.6
49,000,000
4,300,000

28
1.0
2,080

218
0.8 .
1.5

Pl
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initial flow and gz-tho scwers {lush themsclves out, the
B.0.D. value diminishes. The meqn value for ammonla nitrogen
with the exccn*lon of the fall values remained relatively .
constant uhroughout the year. Suspended solig values in’/
the,Sﬁrinr, especially those observed during April and the
first han of May, were consistently higher in annp Arbor

stornm sewer., Thig is probably due to the washing of the

. N
Winter's accunmulati®®n from the city streets, Average concene

« tratioﬁs for soluble,phosphates showed a Significant drop in

the storm sewer discharge during the late Summer and throughe
out the Fall, Use.of fertiliior in the arca as determined
' 7z

by sales was rreatcct in the Spring and early Summer and that

could be the primary 1~ea on for the drop in soluble phosphate

\ . . ' e
in the storm sewer discharge showed a drop in the Fall. ' This
also may be chused by the diminishing®hse of fertilizer.
Changes were minor as the discharges Progressed,

The results of a study made in Ottawa (1) in 1968

- are given in Table 3, The B.0.D. was found to vary consider-

ably in g given storm as the storm progressed, decreasing
igpidly towards a minimum Valuc. - Even though the antecedent .

period was longer than one day initial valuos of 28-32 mg/1

were generally not exceeded. Solids tended to decrcase as

the storm progressed But not as markedly as the B.0.D.

3

o

:\TaJULS late in the year. Aﬁerage nitrate nitrogen concentrations



. TADLE 3
Results of the Urban Storm Runoff StudJi;;;;
in Ottawa (1968)
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Suspended Sdlids . 10~1105 150
Sulrégé i s 10400 T | K
"Nitraﬁél - 0.2-5.5 1.3
Nitrito” . | N I ER A 1
Orthophosphate | 0.1=6.4 1

Chlorides
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b) Rainfall runoffg . . SN VAR
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.Reeorded values of_su;fate iﬁ«the.spring were,

' generally<a50ve average, whilc fhuse in fhc Sumuer and Fall «
Werézbelow averare. The coucentratlon of sulfate had re-
duccd as .a given ralnstorm progressed, This effcct was

1:5probably due to thecleansingof rhe ground,surface:as'well

as the "ecrubbiug”'of the air eince poth air and ground

serve as sources of sulfate, The nitrate source seems to be-
malnlv air.for this nartlcular area, and the level of nitrates, -
reTalnod relatlvcly constanu throughout an individual storm.-

In 1968 Inaba (21), reported on the Extcnt of storm-

water pollution from two typlcal areas in Tokyo, Japan. One
area was served by a combined sewer systenm andffhe ofherﬁby hﬁ
separate-sewer system. Samples were taken -amd analyzed for
B.0:D., suspended sblids and:volatiio suspended solids. -This ”W’:
study emnhaglzes the 1mportance of the "flrst flush" pollutlon
and recomncndu that all conblned sewers be replaced by a dual

\\Eeparate system. )

In 1969, uoderlund (22) chose three separate drainage
areas in Stockholm, Sueden, for a comparative study of e&prm- 2

'runoff waate characteristics. The_parameters studied 1ﬁt1uded ;
pH, phoanhorus, lead, 0il, dry Sblids, volatile suspended solids,
chlorldes and’ collform bacteria. The importance of roadway

mater1a1 transportod with romoved snow and depos ited into

the sewerage syétem was noted, Othcr’sources of pollution
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oy

‘incl}deQ industries and laundrics with cutting oils, enul-

{

sions, cleaning compounds from industry and waste from dry
. e ‘ .
cleaning estaiiishmehts. .Soderlurd concluded thatse

a) dumping of snow fyom heavily trafficked

-

areas contributés greatly to the poliution

of the recivient streams and irland waters with

ah

" 0id and heavy mectals
b) traffic routes give a high degree of contamina=
tioﬁ as compared with the other test areas.
< This consfitutes a serious problem, as the area
covered by.qoads are rapidly increasing teoday
:;~f: " in thé urdban centres,
. Friedland (23) carried out two studies in the San

Francisco area of five combined sewer systems and ene storn
K

sewer system. A determlnatlon was made of the relative flows

3
and pollutlonal loads in wet and dry periods ‘and the efficiency

of ﬂtorage was compared with that of treatment. The authoféx\
attempted to presont results in terms of storm méés emission

equations for numerous parameters. : It was claimed that

correlation with dry wcather flow load conditions and other’

| statistical and background data could b0'used-to estimate .

wastowater loads for stoerQuﬂbff. ¢
Most of these studies included the determination of

concentrations of constituents from isolated samples without



I

attempting Lo relate the pollulional load to the rate of -
runeff fron the study arod, althqqgh the San_Franciéco and

Cincinnati studies have made sone attempt in this direction.

» .



CHADPTER TII
DESCRIMIIGH OF THE STUDY AREA TESTING PROCEDURES

" AMND IXPERINENTAL SETUD

The City of ¥indsor hac rostly combined Eewers,
but a newly developed jrea in the east side 6f the city
has a separate sewer system. A'drainaﬁe area of about &9
acres was selected for ithis ctudy. Its location within
Windsor, and a detailed layout map are shown in Figures
1 and 2, The area is residential, composed of middle to
upper middle class people. The buildings include ®wingle ) |
fami]y homesg, apartmcnté and two schools, Figure 3 shows
the general nature of the builtup area. It also has some
paved pa;king lots, asphalt and concrete paved‘strcets,
traes, iawns, backyard gardens and two parks. The ground
“1is almost flat throughout the study arca.

The fesidential population is abput 200 - g density
of 8 persons/acre. The particular manhole chosen for this
study joins a 54" dia. sewer upstfeam and 60" dia. sewer downe-

stream. The uvpstream and. downstream scwers have a grade of

«19% and .14% respectively., The sewers at this stage of the
dééelopment are overdesigned, as there. is o fairly large
undeveloped area to be drained by this sewer systen as
development continuecs, The 66" dia. sewor ultimately dis-

charges the untreated‘flow into the Detroit River., The
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Figure 3. A View of the Builtup Study Area.
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general arrangement of the experis

manhole is shown in Fig, 1,

The rainfall records were
Department of the Unive““ltv of‘
of the rain fanrses used for the st

The clirate (24) ig tnwne

¢ntal seiup inside the

cbtained from the Geogrannr

‘indsor and the exact location

udy are snown in Fl*ureA;

ate with a growinrs seasorn

averaging 210 days, 155 of which are frost-free, The mean
’

. B T . 0-,
annual temperature ig 4/05, wWith a winter mean of 26°F and

& ‘summer mean of 70°F. . Air temper
-25°F to 100°F., The mean “annual r
39 inches with the mean value of

ly variance is from 1.75 inches in

June, Drought conditions ocecur on

every fiye Years,

In all 83 runoff samples w
manholeiﬂuring the period from Jan
1971. Nineteen parameters were de

samples. Thesge parameters are asg

ature extremes vary from
ainfall ranges from 18 to
32% 'inchcs. The mean monthe
February ‘Lo 3 inchﬁs in

an average of twg put of -
¢re collected from the

uary, 1971 through December,

termined for most. of these

followss: (1) Water Tempera=

ture (2) Colour (3) Turbidity (4) Specific Conductance (5) ol

(6) Total Suspended Solids (7) vo1
(8) Alkalinity (9) Total Hardness
(11) Chlorldes (12) Orthophos phates
Nitrogen (15) Nitrite Nitrogen (16
Day Biochemical Oxygen Demand (18)
(19) Fecal Coliform Count,

atile Suspended Solids

(10) Calcium Hardness .

s (13) Sulfates (14) Anmmonia
) Nitrate Nltrogen (17) Five

Total Coliforn Count
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. Figure 4. A View of the Experimental Setup
inside the Manhole. ' -

.



The sanitary importance (25) and the rethods of
analysis of these constituents are descrited kelow, Generally
the test procedures Ziven in Standard Methods for the anmln-

i
ation of Waler urdi Yanteralenr (23) were folloved,

Wnter Teroorataure *

-

Temperature is a very important parameter since most
of the chemical reactions are tempcfature'deﬁendenb. In lin-
nologic studies, water temperatures at differeﬁt depths in
reservoirs are important in locating the zones of pmixing and
réiative stagnation. Industrial nlanto often reuulre data
on the temperature of water for process use or heat trans-
mission calculations,

Colour

-

Viater contalnlng colourlnf matter derived from natural
substances undergoing decay in swamps ;nd forests are not CONe=
sidered to possess harmful or toxic propertios. The natural
colouring materials however Give a yellow=brovwnish appearance
to the water and there is a reluctance on the part of the |
water consumer to drink such wate;s because of the association
involved, _ .

The Hellige Aqua Tester was used for the colour test,
Turbidity '

Turbidity 15 an important conﬂlderatlon in public
water supplles for threa magor rCcasonss

a) Aesth%tic- Laymen are aware that -domestic sevage is

highly turbid. Any tufbidity in the drinking water is



\

automatically associated with possible sewage pollu="
tion and the health hazards occasioned by 1t That
is why consuners or public water supplies oxpect and
have the right to demand turbldlty-free water.
b) Filterability - Filtration of water is rendered more
difficult and costly when turbidity increaees. The
use of sand filtersﬂhas become impractical‘in most
areas because high turbidity shortens filter runs and
increases Cleaning costs., In addition the efficiency
of rapid sand filters is drastically'raducedjwith ine
creased.turbidity.
¢) Disinfection = In turbid waters, most of the harmful
organisms arce exposed to the action of dlolnfectlon
like chlorine and ozone. However, in cases in which
turbidity is caused by sewaée sdlids, many of the pétho;
genic Organisms may be encased in the particles and Pro=
tected from the disinfectant.
‘The instrument used for determlnatlon of turbidity wag
the Hach Laboratory Turbldlmeter Model 18604, '

uncc1f1c Conductance

‘A rapidestimationofwthe dissolvéd s0lids content of
water supply can be obtalned by spociflc conduttance measurce
ment Such measurements indicate the canaC1ty of a sample to

carry an electrical current which in turn ig related to the

concentation of ionized substances in the water,

ir
-~

26
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A conductivity meter type CDM2e by Radiometer Inc.

Both phy¢1ca1 structure and biological treatnent

Copenhagen was used for this test.

PH

processes are adver sely affected by high or low pH. Therefore

corrective measures are usually required for wastes causing
pH lower than 5,5 or higher than 9.0 in sorage treatment plant
effluents.

The instrument used to dééerminc the pH was th;'

Fischer Accumet pH Meter, Model 210,

Total Suspended and Volatile Suspended So0lids . -

-

~The total guépended and volatile suspended solids
determinations a;; used to evaluate the strength of domesfic
and industrial wasﬁes. In larger treatment plants séspehded
solids determinatiaﬁs are used routinely as one measure of .
the .effectiveness of tréatment units. From the viewpoint of .
stream pollution control the.rémOVal-of suspended solids
is usually ag important as B.0.D. "removal.

The methods glven On pages L42L4=425 of the Standard

Methods (26) were used for thelr dotermlnation._

Alkallnitx

<n

As far as is known,'modera@o‘alkaiinity of water has -
very little sanitary significance, Highlx alkaline waters
are usually unpalatable and consuuers tend to seek other

supplies. For its detormination the titrimetric method with



standard sulfurfs acid'and phcnolphthalcin and mothyl
graon ;o indicaters rorcroééd.
Hardness

Hard watcrs are as sati Sractory ior human consumo—
tion as coft mators; Fccauge 0f their zdverse reacolon w1th
g0ap, their use for clean51nr oarposeg is qu1+e unsatisfactory
if the levcl of hardness is too high. Hardness values above
150 mg/1 are CDnolerCd teo high and it ig recommended that

they be municipally softened.

The test used for deternmining the hardness was the
E.D.T.A, Titrimetric HMethod -,

Chlorides
LRI acs
A

Chlorides in reasonable ooncentrafion arc not harmful
to human beings. At concontrations above 250 og/l they give
a salty_taste to the water which is objectionable to many
people, | ‘
The ArgenLOmetrlc Method was used for its détermination.

]

_Q}hoohoqohate;

A4

®  Phosphorus data i1s becoming more and more important
in sanitary engineering practice'ac'engineers appreciate its
significanco as a vital factornln the life proceus. In the
past the data has been uoed pr1nc1pally to control phosphate
dosages in water Pystems for corrosion prevention and in
boilers for control of ocale., Phosphorus determinations are

extremely important in assessing the potential biological



r\

f
productivity of sqrface'waters. ‘ . . T =
The test used to dotercine orthophosphale was the
{
Stannous Chloride Méthod.nt

_./_\
Sul fates

The sulfate-ion is one of the major aniongz occurrlng
in natural \atero. It is of importance in public rater sunnlles
because of its cathartic effect upon humang when it is preaent
in excesulve amounts (250 mg/l). Sulfateolare also of consid-

erable concern because they are indiroctly resﬁohsible for
two serious prodlems often associated with the-handling and '

treatment of wastewaters. These are odour and sewer-corrosion

problems resulting from the reduction of sulfates to hydrogen
sulfide,
The test used to determine the sulfate cencentration

was the Turbidimetric Method,

-

Nltronen, Ammonia, Nitrite and Nitrate

At the present time data concernlnp the nltroren
compounds that exist in water supplies are used largely in
connection with disinfection practice. The amount of ammonia

nitrogcn present in water determines to a great cxtent the

,chlorlne needed to obtain frea chlorine reglduals in breakpoint

e

chlorination. Nltrate_detormlnabaons are 1mportant in,detqr- ~
mining whether water.éupplios'meot recommondations for the
control of methemoglobinemia in infants.

- | . o *

. o, ] - -
e e . e . ) )
R e i ) o
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NlLroren data is extemely- 1mp0rtant in connectlon
with sewarge and industrial waste treaeement. The product-
ivity 0f natural waters 1n terms of algal growths is ro= )

lated to the fertlllzing matter that gains entrance to them.
Nitrogen in its va rlous forms is of major 51gn1f1cance. Also’
reduced. forms of nitrogen are oxidized in rfatural waters,
therebyfaffecting the disselVee-oxygen resoﬁrcee. For these
reasons nltrogen data;unareeulred for any programme 1nvolv1ng
/ pollutlon centrol. )

The following methods were used, to.determine the Qiff_
erent ‘types of nitrogep: ‘

Amnmonia = Direct Nesslerization Method

Nitrite - Standard Method'

: lNitrate =~ Diazotization Method

Five Davy Biochemicsl Oxvpen Demand

B.0.D, is the major crlterlon used in stream pollution

.

control where organlc ldadings must be restrlcted to maintain-
desired dlssolved oxygen levels. Informatlon concerning the

B 0 D. of wastes is an important con81derat10n in the d951gn

of treatment fac111tles.w
) |- |

Dlssolved oxygen\was measu?ed using a Galvanic Cell
i \
Oxygon Analyoer manufactuﬁed by the Prec151on Scientific

Company, Chicago. A



Total and Fccoi Coléfnrm
' M?Gt coliforms indicate pollution caused by humon
‘activity, and fecal coliforms - -definitely indicate pollutloo
caused by the waste product of human or wirnm blooded animals,
These tests also give an indication of the pollutional load
and some idea of tho lilkelyhood of finding pathogons present,

Tho MilliporciFilter Technique was employed in_theso
tests, '

Mathod of Samvling a

.. Grad samples were collected every t¥6 hours by an
u automatlc liquid sampler (Fipure 4) supplied by Testing Machines
International of Carnada. The bottles were autoclaved before |
use and ware connoctcd through rubber tubes to the inlet manl— '
fold. Each tube passes’ through a plnch valve, The -air was
evacuated from the bottles .by means of a Vacuum pump until a
vacuum of about 640 mornr, Hg was reached., Then the plnch
g valvoo on the connectiné tube was closed and the vacuunm pump
detached, ‘The sampling hose was attachod to the inlet mani-
fold by means of a rlng nut and the hose endg prOV1ded with
a filter was 1mmersed in the flowing water. A time cloch
released the plnch valves one by one at two hour 1ntervals
cauéing the sample to be drawn into tho bottle.

One of the problems encountered in using this instru-

ment in the fleld was that much of %he time the flow in tho

manhole vas not deep enough to submerge the 3 1ﬁches deep

1



o
)

~sampling filter hefd. Thereforc;=a special type of head
(Figure L) wvas designed which could collect sanples at a
depth of one inch, and it proved to be quite successful.

Hethod of Mreasurin- Disdhar~e

L

The discharge was measured by an Arkpn Vater Level
Recordinz Iwot“uﬂcn_, Kodel 63 (Firure 4), ~The recorder was
connected by a small. bore 1mpulue pipe to a diptube (Flgure 4)
“ which was inserted in the xloulng water abouv 11 feet upstream
Irom the manhole. It was kept 1/8 inch above the invort an&
was held in position by a special stecl frame (Figure 4) fixed
in the sewer, | ¢

About .5 cu ft/min of air from a compressed air
cyligder\(Figurc 4} was fod_contiﬁucusly i;to the systen,
sufficient to allow a contlnuous stream of bubbles at the
end of the dip tube, Tho air pressure developed in the dlpiube
‘and in the connection to the recorder was equivalent to the
head of liquid on the diptube.. As the flow rate in thé seﬁer
varied, the liquid head and conséqugntly the air pressu}d'to

thhe recofder varied., The instrument then pohtinuously_re-
corded.the information on & chart which was moving at a constant’
speed. ‘ . ) : : AN

" On various odcassions the actual depth of flow was

measured at the probé by using a cylinder with a grooved bottom
to act as ctilling basin (Figure 4), and this depth WaE5 COMe
pared with the correupondinp depth recorded on the chart,

I

Using a large number of these comparison recordings at a



variety of depths the calibration curve shown in Figure 5
was obtaf;ed, this shows the actual depth related to fhe
recorded depth on the chart.

The actual depth of flow was used o deterglne the
rate of flow ir the sewer. In order to accomplish this the
velocity of flov at various depths was required. Vglocities
at - different depth were measuréd by using Uranine. (Sodium
Fluorescein) dye. Two stations, 24 feot avart, were chosen
such that the pgobe éas midway between them., The dye was
injected at the‘upstream station and the time required to recach
the downctream station was measured with a stopwatch, The
distance divided by time gave the mean velocity. The product
of mean velocity and area of flow éévc the discharg; COorresnond-
ing to a particular depth of flow. A log-}og pldt.shown in
Figure 6 relates the depth of flow in inches to the corre poyid-

ing dischargq’in cubic feet, per seapond. - .

Storage of Samples

| Following tests were done immcdiatq}y after the sanmples
' were brbﬁgh;to the laboratory: |
a) pH
b) Alkalinity | .
c) B.O.D.
d) Total Coliform
e) Focal Coliform
The samples were then‘storgd in the refrigerator for

completing the rest of the tests within the next few doys.
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' . ChAPTED Tv

(OBSERVATIONS ALD DISCUSSION

In all 20 sets of samples were collected during
the period frem January to December 1971, on days and dateg
shoim in Table 4, The an aly s‘resﬁits of these 20 experi- .
m;ntr § plotted from page 78 (o page 118. ‘

The precipitation valuco have becn.deternined from
the readings at three rain gaugdfstations (Figure 1) surround-
ing the study area and by using the principle of weighteq
mecans, |

The horizontal scale in fhe Arkon Water Level Rew
cording‘Insfrumcnt is divided in hour intérvals, whereas
the vertical reading on the chart-reprcsent" depth of flow
and is related to ‘the total dlscharre fIOW1ng in the manhole
as shown in Figure 6. Since samples were taken every two
hours, a two hour base 1nterva1 Wwas used in the charts for
plottlng. The average discharge avery two hours was found
by calculating the total arca under the hydrograph w1th a
planimeter and replacing this with an equivalent rectangular -
areé wlth the same two hour base 1ntervé@ and a helght egual

to the average discharge during two hour period,

Averare Concentrations

Table 5, contains A summary of the arlthmetic means
of the dlfferont parameters studied, The mean values listed

~are for the four scasons-and the annual mean for comparison,

H



TABLE 4

Syfmary of the Pates Samples vwere Analysed

Experiment No.

s Date

N

b A © =T\ e N R —

10
11
12
13 7.
14
15
16
17
18
19
20

Januéry he5, 1971

February Le5, 1971

-February 11-13, 191

February 17-19, 1971
Ry
March 11, 1971 |

- March 15214, 1972
CApril 28, 1971

May 12, 1971
May 20-21, 1971

May 24-25, 1971

June 1-2, 1971

“June 6, Té?l

June 7, 1971

July 5, 1971

July 15, 1971

July 30-31, 1971
August 10-11, 1971
August 27, 1971
October 22, 1971
December 6-7, 1971

i

~)
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Runoff Coerficients

Runoff coefficients for the different seasons (winter,
"spring, summer and fall) have been calculated and are *hown-
in Table 6. For calculation of these runoff cocffﬂc'cn S Six
uLormo vcre COHulLCPCd, one ir the winter, tuO cach in the
spring and summer and one in tho fall. The area under the
discharge=time curve was measured by planlmetor and from this
area, the base flow was eutlmated and subtracted to give the
discharge caused by the\@rccinitation.‘ The total prec1p1tat10n
for the r'torm was used to find out the total volume of pre=-
cipitation over the area of 89 acres, The ratio of actual
dlscharge measured in the scwer to the total volume of pre-
cipitation glves the runoff coeff1c1pnt.

The runoff coefficient depends upon many factors,_
notably the length of the preceding dry period, temperature,
moisture content of the soil etc. Thisg can be seen bj comnarln"—
the two storms of June 1—2 1971 and July 5, 1971. 1In the
storm of Juno 1-2, 1971 the pcak rainfall intensity vas 0.078
inches/hr with a peak discharge of 1.6 ¢fs, whereas for the
storm-of Juiy 5, 1971 the peak rainfall intensity was 0.2
inches/hr and the peak discharge was only 1 c¢fs. This dif{f-
erence can bo explained by taking into consideration the pre-
viously mentioned factors affecting the rupoff.

The storm analyzed before thaf of June 1-2, 1971

was on May 24-25, 1971 and in betwaen thece two .storms there



TABLE 6
Runoff Coefficients for Different Seasons
as Calculated® for the Study

e

"~ Season N ‘ ‘ Kunoff Coefficient
W
Winter ' ! 0.84
Sunmer ’ : 0.19
Fall . 0,14 °
3 -
-
b
oY
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were sone séattered‘shbwers and the mean tcmpcrature du“ing
the storn was 11°c° However between June. 7, 19 071 and July 5,
1971 there ﬁao hdrd1; any raln and the temperature during
.the storm of July 5, 1971 was 15°C. Thus the 50il was cone
siderably drier at the time of the storz of July 5, 1971,

This combination of a prolop"ed dry spell, hlrher temperature
and dry so0il was respon ible for the low discharge for the
storm of July 5, 1971 even though the rainfall intensity

was substantially higher. _

The higher runoff coefficient during winter is
because of the highly 1mpermnable frozen soil, low tempera—
.turea and high moisture c0ntcnt. As the seasons progress
the runoff coefficient continues to drop from 0.84 in the -
winter, 0.33 in thg spring to O.lhnin the fall. L

The overall mean annual runoff coefficient taking
the arithmetic mean of the fﬁur seasonal coefficients cemes
out to be 0.375, which is very close’to 0.37 estimated in
_ Cinciﬁatti (18}, for calcul&ting total pollutioral loads. .
The summer runorf'coefficient of 0.19 is much lower thanj
that of 0.40 assumed in Ann Arbor (19), However Ann Artor
is a much hllller area: and thlS could account for part of
the difforenn:,not to mention the fact that assumed,values_

are somewhat risky.

Estimation of Pollutional Loads in Pounds per Acre

An estimation 6f the total gquantity of various

pollutants (in 1lb/acre), coniributed by this arca and entere

.
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ing the Detroit River scasondll} and‘annually arc shown in
Table 7. 'In order to estimate thesc loadings; typical sf%rms
f?qm ;hc_varlous scasons like pr 17—{Q; 1971, May 24f25;1971’
Junc-lJZ, 1971 July 30-31, 1971, August 10-11, 1971 adﬂ Ostober
22, 1971 were taken For eash storm, all ‘the concentratlon
values obscrvcd for cach pollutant were multipllcd by corrcspond~
ing discharges in cubic feet and were 1ddcd up g1v1ng valucs in
Ibs/acre of pollutants entering the Detroit Rchr Then the
seasonal and the annual loads were calculated by using the 30
year mean prcc1p1tat10n values (Table S) and thc seasonal loads

determined during this study to give a picture of what one- could

expect in an average year.
In Ann Arbor (19), the total §;ad in 1bs/acre for summer

for éiffcront constitutents are higher .than this stud) This
1s perhaps because of the hlghcr runoff coeff1c1cnt assumed in
thc Anfi Arbor study. On the contrary the Cincinnati study (18)
for the total load in lbs/acre/yecar for T, S.S., B.O.D. and
.orthophOSphatcs 1s.in fairly“-close agrccment-with this stﬁdy.
The 1mportant role played by the runoff coefficient
‘1n the- total amount of load in 1b/acre is very well jllus--
trated in Table 7. Although the ﬁvérage winter.concentratiohs
of total -alkalinity, B.0.D., T.S.S., orthophosphates and
nitrites is lower than that of thc sprlng, the total load

in 1bs/acre for the winter for these constitucnts 1s higher .

hid

™



FAAN

‘ ) .
., T e
TABLE 7 -
- Pollutional Loads of Stormwater in Pounds
per Acre
— ‘ ' b’
. Pollutant ﬁinter' Spring Summer [_Fall Annual
T.5.5. 114 68 214 44 440
Total Alkal- '
- -\\ )

Total Hardnesg 137 47 " 65 27 271

Calcium Hard : ) .

hoDe . 90 39 47 23 | 199
‘Chlorides 122 K 16 3 146

1 .

Orthgphoge ' .

phates 7.50 0.15 0.27 0.04 7.96

. L . . J

Sulfates 87 25 ‘32 322 166 .
Nitrite 0.080 0.054. 0.073 0.012 | 0:219
Nitrato 0.57 1.34 0.31 | 0.31 | 2.63
| B.0.D. 9 4 5 4 227



30 Year Hean Precipitation Values for the Gity of Wiqdff}\; .

o

TABLE 8

Season Average Prdciﬁitétion
( Vinter I 7415
Spring | 9.51
R ) éummer 8.50 B | '
Fall 745
Annual ‘ﬂ 32.61
N



- than the spring.

With a runorf coefficient in the order of 0 84 for
winter, most of the prec1pitation finds it way 1nto the

storm sewer and winter discharges could be the highest

[during the 'hole year. This resultsg in certain pollution "

barameters like total alkalinity, B.O. D., calcium hardness,

total hardness chlorides, sulfates, orthophosphates

and nitrites having highest lbs/acre- loading during the

winter monthg, This points out very clearly the danger of -
overreliance on concentrations of pollutants and disregarding

the Quantity of discharge.

Comparison of Annual Storm and Sanitary Loads

" The annual estimated storm loads in lbs/acre for T,5.5,.
orthophosphates and B.0.D, were compared wlth that of sanitary
loads in the follow1ng manner3

For the month of May 19?1, which had very litte rainfall and

.thus very little storm water had entered the Little River Treatment

Plant through combined sewers, the average flow was 2 60 million

‘gallons per day (27). The population contributing to this . sewage

flow, as determined from drainage maps and city population data

. is in the order of 38 700 persons. ?his works out to 67.gallons

of sewage per day per capita. The Hean concentrations -of T S.,

forthophosphates and B.0.D. in domestic sewage for the month of Hay

uere 133 mg/l 10.60 mg/1 and 142 mg/1 respectively (27). Based
upon the population density of 8 persons/acre For this area and

67 gallons of sewage per day per capita, the ahnual loads of T.S.S.,
orbhophosphates and B.O.D. dre calculated at 261 lbs/acre 20.8 1b/

‘acre and 278 lbs/acre respectively, A comparison of these loads
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with tnat of storm runoff lpads is shown in Table 9.

It shows that even on the basis of total annual
load, T.5.5. are greater in stormwater runoff than in sanitary
sewage. Bear in mind that the sanitary loads reported are
‘before trcatmnzt, whereas the storm loads are the same as
rcceived by the river with no treatment, N

Load versus Tinmc Curves ' ‘\\

"The first part of a storm is gencrally more pﬁlluted"“‘
The correctness of this statement can be demonstrated by plottlng
total pollutant in 1bs/second versus time for the.storm of
July 30-31, 1971. The parameters which cxhibit this phenomonon
are chlorides, orthophosphates and B.O.D. (Figurer7), total
hardness, total alkalinity ang suifates.(Figurg 8). .

Discussions of Individual Pollution Paramcters

Colour and Turbidity

. Colour and turbidity seem t’")bllow each othpr wlthln
their respectlve units. This can be best illustrated with
Figure 9, plotted for the storm of 11-13, Feb, 1971. 1In the
.case of snowmelt they tend to follow the discharge curve énd
in other seasons for small ralnfall intensities they tend to
decrease in value as the storm progresses.
) The annual average values for colour anditurbidity
-were 220 and 134 rhspectively. Thus turbidity was 61 percent

of colour value. ThlS ratio is-remarkably close to the ratlo 5

experlenced in. winter, spring, uumner, and fall which were

by

v

Z,\c
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TABLE 9
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Comparison of Annual Storm and Sanitary Loads .

in Pounds per Acre.

Annudl storm

Annual Sanitary

Percentage of
: Constitucntf Load in 1bs/ | Load in 1bs/acre Storm Load to
! acre that of Sani-
tary Load
TeS.5. 440 261 168
Drthophosphates; ﬁ} 7.96 20.8 ° 38
|
B.0.D. 22 278 8
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Figure 7. Load vs. Time Curves, Showing
decrease of Loads with the Progress of a Storm.
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Figure 9., Turbidity vs, Cdlour Curve
(Storm of 11-13, February,1971)
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56¢7%, 59.4% 66.7% ard 6Q.3% respectively,

Colour and turbidity seem to be = function of
solids and in turn the raznféll infonsity. This is evident
from the fact that the highest colour and turbidity valuecs
recorded wefe'1650 and 1020 recpectively fo? a rainfall in-
tensiﬁy of 0.51 incHes/hour, which is the highest for the
study.
pH

The maximum and minimum values observed for the
whgle studquere 8.7 and 6.3 with an annual average of 7.35.
These values are in aéréement‘with the values observed in
Cincinnati (18), ranging between o«% and 8.7 and a wean of
7.50. | |

Since in this study the values fall within the limits
of 9.0 and 5.5, no cor}ective measufes aye required for thig

N
type of runorfr.

Total and Volatile Susﬁondcd Solids

"_Sinco the naturallfilteration and sodimcntatyon that
removes solids in runoff fronm land with vegetative cover is
entifcly lacking iﬁ runcf{f from paved areas, suspended solids
represents the most evident indicater of pollution due fo urban-
ization., For éotal suspended solids the maximum ¢0nceﬁ%ration
of 4122 mg/iland the minimum concentration of 2 mz/1 was re-
corded. . The annual average of total suspended solids was

305 mg/1. These values compare favourably with that obsecrved



N .
. .
in Sdeden (11), U.S.A. (13)(18), arnd Canada (1)}, but are
rather less than those observed in the U.S.5.R. (10) and
LY O

b
the U.S.A. (19). )

The "Iirgl flushe phenomonon was non-existent in
relation éo the suswended solids concentratiion. The rainfall
intengity has a definite rel:tioﬁ to the suspénded solids con=
centr$tion which can be secen ffom Table 10. Also total raine
fall in a particular storm has an effect upon total suspended
solids discharged and a curve between total rainfall in-a
storm and the corresponding load of total cuspended solids is
shown in Figure 10. weibel, Weidnes, Christianson and Anderson
(18)) have reported that susvendcd solids concentrations tended
to vary with discharge, that ‘high concentrations of total sus-
pended solidﬁ only occured when high rainfall intensity and
cogréspénding.runoff'rates developed and not in the initial
part of a-storm unless it was a casé of high rainfall intensity.

In this study too, this behaviourais very much apparent
for almost @1l the storms. For cxample a plot of T.S.S. versus |
discharge (Figureé 11), for the storm of February 17-19, 1971
chowed the increase in concentration of T.S5.5. with increase
in discharge. These results indicate that solids are ;%undant
in this area and are a function of rainfall and discharge,

' Besides the total annual load in lbs/acre of Te5.S ..
. .

'in stormwater being more than in domestic gsanitary sewage,

the annual average of %05 mg/l of T.S.5. for gtormwater is



TABLE, 10

’

B .
Effect of Rainfall Intencity on T.5.5. Concentration \ : )
' 1
Pcak Rainfall Intencity Peak T.S.S. Concenw !
Date ' in inches/hour . tration in mz/1 i
June 7, 1971 T0.61 0 7 4122 |
: ‘ i
| | o
August 10-11, - 0.58 _ 1712 : A
- 2 S
August 27,1971 0.37 786
July’'s, 1971 ! 0.20 268
J
-4 —
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Figure 10. A Typical Curvb‘éhowing the effect
of Total Rainfall in a Storm on Total Suspendod Solids.
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much hither than that of 133 n5/1 for domestic sanitary
cewage (27), ShOtln” /that this is one parameter in which
stormwater is of 5"cater significance than sanitary’ senagcs-

For volatile . susponded solids thé same pattern as
for total. susrended solidsg was}observed.- The volatile material
in the total suspended éol@ds Tormed 19.3% annually, 41,5%
in winter, 12.15% in spring, 15.8% in summer and l§;2§ in

"fall. The percentare of 19.5 is nmuch less than that of 60=70%
for domesgtic ganitéry sewage. But thisg value dompares'favour—
ably ﬁith that of 25.1% and MQ,O% found in Cincinnati (18) and
Ann Arbor (19) reapcctlvely.

Alballnltv

The extreme values for alkallnlty ranged from 8 mg/1
to 232 mg/1 with an annual mean of 106 mg/l. The only other
study which reported alkalinity values is Cincinnati (18)
and it had a range of 10-210 mg/l1 with 59 mg/Y as mean valué.
The alkallnlty values in this study were hlghest 1p summer and
lowest in winter.

Alkalinity follows the dilution phenomenon, i.e., the
concentration decreases with increase in discharge. This ig
very well illustrated with Figure 12, plotted for the storm
of July 30~31, 1971. This type of curve is in very close
agreement with that obtained by Friedland, Shea and Ludwig (23).

However the dilution phenomenon is not very profound in winter. .

7.
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* The major source of alkalinity is the so0il and

bicarbonates Tepresent the major form of alkallnlty, since

they are; formed in conslderable amounts from the action of

carbon dlox1de upon ba31c materlalu in the soil.

Calclhm Hardness and Total Hardness :

These parameters also follow the dllution phenomenon

.whlch is 111ustrated in Figure 13, _ P }. ‘
' ‘ The range for total hardness for the whole year was -
48-585 mg/l, w1th the annual mean of 211 mg/l, " ThlB is much-

hlgher than that of 81 mg/l found in Cinc1nnat1 (18) and could
'be attrlbuted to. the difference in’ §01l.- The anﬁual mean for

i
calcium hardness was 14l mg/l. The hardness values were maxie

mum in fall. The ratio of ca101um hardness to total hardness

hon the annual ba51s was 68. 2% whereas On seasonal basis it

vas 69.4% for winter 75:3% for sprlng, 66.3% for summer and
65.1% fo fall. "

r

T

The maJor sourco of hardness also is the soll, as
tthe hardn 85 in water is derlved 1argely from contact with
5011' and rock 1o matlon. Ralnwater as it falls upon the earth is

incapable of dlssoiv1ng the 1arge amounts of sollds found in
many natural waters. The abillty to dissolve mlnerals from
801l is gained uhen carbon dloxideﬂls released by bacterial

actlon formlng vieak carbonlc ac1d.

Chlorldes and Specific Conductance

L]

4 These - parameters are considered together because of

P
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the closecness in the manner or their* occurrence., For the
vinter runaff gf Feb Tuary 11—¢), 1971 their complete dependence

on cach other (Sce Figure 14) can be very well appreciated.

But with the decrease in chloride concentrations in the subse-

-

guent seasons thls dependence is not so noticeable. Then

specific "ducuance depends uron Sulfates as vell ac Chlorides
as‘shown in Figures 15 and 16. ‘

Chlorides varied from L ng/l to 2580 mg/l, undore
standably with vintcr valueo buxng higner than other seasons,
The annual average of chlorides was 110 m5/1 with winter average
of 345 wg/l. The winter mean is more than that of7233 mg/1
reported in Ottawa (1), since the Cincinnati sfudy (18) doés
not take into considcrafion'the winter rurofl{, there 15 a drastic
difference betwcen the annual mean of 110 mg/1 of this study
and that of 12 mg/1 reported in Clnclnnatl.

Runoffs of the long periods of freezing Eemperatures
resulted in 1ncreased chloride concentrations with the progress
of discharge as 1n the runoff of Jan. 4 4~=5, 1971 shown On pare 729
of the Appendix. VWherecas runoifs after only a few dgys of
freezing temperatures showed a decréase in chloride concentrae
tion; with the progress of the storm runoff, A typical example
is the ru;ofr of Feb., 11-13, 1971’ which is shown on page 8%
of the Appendix. The most probable reason for this is the
accumulation of road salté with the increased length of the

antecendent freezing periods.



CHLORIDE CONCENTRATION IN MG/L

61

2600 -

n
O
o
Q
[

1800 -
IGOO -

1400 - —

12001

1000}
800— | L
600}
400

200}

0 1 L & 1 I 1. 1 1 ] | 1
0 | 2 3 4 S G 7 8 9 10

SP CCRDUCTANCE it MILLI EHO ——

Figure 14. Plot to Show dependencé of specific
Conductance on Chlorides (Runof{ of February 11-13, 1971)



e J

IN MG/L

CONCENTRATION

ULFATE

S

1O

100

90

80

20

10

1 R NS

!
0 05 10 45 20 25 3O 35 40 -4
SR CONDUCTANCE N MILLI MHO
Figure 15. Curve Showing dependence of Specific

Conductance on Sulfate Concentration (Storm
' of July 30-%1, 1971).



MG/L ——s

CHLORIDE CONCENTRATION iIN

4OF

35+

30 -

25 |-

20~

15 -

10 [T

@

| I I W R

- 1 t |

63

o
oL
i

10 15 20 25 30 35 40 45 -BO
SR CONDUCTANCE I I4LLI LHO —=

Figure 16. Curve showing devendence of \
Spaecific Conductance on Chloride Concentration
(Storm of July 30-31, 1971)
{



6h |

3

For the other seasons chlorides followed the dilution

bhenomerion (Firure 17).

The annual averarge value for specific conductance was

0.56 milli’ mhe/c: and the average for winter was 1.18.  This
{ .

is 1Q{arreeman with hirch usage of salt on the streets during
g .

the winter months.

Orthonhosnhitcs

HThe level of orthophosphates is tomparable to that
of nitrates. An average value of 0.98 was found for this study,

this is in agreement with that found in Seattle (15), Cincinnati

.(18), Ann Arbor- (19) and Cttawa (1). Average concentrafiaﬁg
of orthophosnhates showed a significant drop between summér ~
and fall with 1. gk-mé/l'in spring, 0.32 mg/1 in summer and 0.2l ng/1
in fail, Use of fertlllzcrs 15 probably grcatcﬁt in the pring;ﬁg'
season énd this could be the primary reason for the drop in sol-‘h
uble phosphates values later in the yeq£. The annual average
of 0.98 mz/1 is significantly greater than 0.03 mg/1, which ié
considered to be the threshol;’limit for algal blooms according
to Sawyer (18). Orthophosphates are flushed out with moderate
rainfall intensity and this is achieved guickly. This.can be
observed.by a triangular phenbmena, in which there is an abrupt
rise and an abrupt fall making the shape of a trianple.
This phenomnnon can be illustrated by the storm of

July 30-31 1971 shown on pare 108 of the appendix.

,\Slug values of 14 mg/1 during the storm of Feb. 17-19,

1971 and 34 -mg/) during the storm of May 20-21, 1971 were
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nbsérved durini the study. Other than spillage of iaundry
det;f:ohts near the research manhole no exploration is possibl
for these two isolated high recordings. -
Sulfnaics , _ : C}
Both rround as well ‘as air serve aé sources of ;ul-

fates and it is one or the predominant ions present in the .
urban runbff. Measurements in this study algo indicatedthat
sulfate is abundant in the ¥indsor area.

‘ <?he annual average value of sulfates in the runoffr
was found to be 105 mg/1l. This value compares favourably
with 9L mg/1 found in Ottawa (1). According to the Ottawa
study the averare value of 5.5 to 7.5 mg/1 was found-in uﬁ-
polluied forest areas, Thus the Eig diffcrence in sulfate
levels for urban and &ohurban forest areas efféctively demon—
strateg‘that the increase in this consituent in runoff is due
_ to the urban environment. In the Windsor areé the annual
average for SO2 concentration is as high as 0.0htppm weil above
the acceptable annual average value of 0.02 popm set by the
Ontario Standards (28). Since-SO2 1s one of the major sources
of sulfatcs, the high sulfate concentrations found in this study
are justified. The range of values determined in thig study
was 32=325 mz/l. The values in the fall were higho: than in
winter, spring and summer. Sulfate concentrations did not
follow any pattern irn the progress of a storam .on’ time basis

although the dilution effect is avparent as shown in Figure {?.;

o

.
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The stud& in Ottawa (1) sugrestsa reduction of
sulfate concentration “ith the nrogsregss of o storm, this
behaviour is not apparent in this study. 'The possib;e
reasons could be:
a) dilulion effecl which FJives rise to reduction in_con-
centration, a
b) difference in characteristics of this 89 acres residential )

area and the 0.30 acres of Paved parking area in Ottawd.

Amrmoniz Yitroren

Out of 65 samples analyzed for ammonia only 11 showed V)

detectable concentration. The Cctaximum oogervcd value was 1.8

and the average of the detcctadle readings was 087 mp/1.
were no slug values uhlcn coald show industrial dumping. A
for the storm of hupust 10~11, 1971 shown on page 110_of Appendix
ammonia was in higher concentration in the beginning ofr the

storm with concentration reducing with the progrevs of tho

storm.

Nitrate and Nitrite Nitrofen

The average value for nitrates was found to be 1.50 mg/1,.
with a range of 0.05 -~ 6.30 mr/l. This average value 13 com=-
parable with stuuleo made in Ann Arbor (19) .and Ottawa (1)
but is a little less than that found in Seattle (15). An
average concentration of 2(64 mg/l for ¢pr1nr ¥as the highegt
and it dropped to 0,8] mg/l in the fall. This could also be

attributed to the dlminishing use of fertilizers from spfing

»
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to fall.

Changes were miner as the discharre brogressed but
there was an abrupt rise toward the end of the storms. Stu&y
in Ottawa (1) showed an averare level of nitrates in ralrfall
sample as 0.89 mg/l. This value surgests that the source of
nitrates is i;rncly from the qir. Phc atmogcphere Serves as
- a reservoir fromwhich nitrogen in constantly removed by the
actlon of electrlcal discharge and ‘nitrogen fixing bacteriga.
During electrical storms large amountis of nitrogen are oxidized
to N2 5 and its union with wator produces HNO3 vhich is carried
to the earth in the rain.

) For nitrites an annﬁal averare of .09 nmp/l1 was found
with 0.01 mg/1 and O. 23 mg/1 being the extreme values. The
readings in summer and Epring were above averare while in

winter and fall they were below average., There is g tendency
for nitrites to remain relatively constant. Even when they

fall with the progress of g storm, the reduction 18 not dramatic
" as shown in Table 11,

Five-day BlOCthlLal Oxyren Demand

quthis study the B.0.D. values ranged from 2 mg/1
to 52 mg/1 with the annual mean value being 12 rg/l. Seaconal
means are glven in the Table 5. The mean values for the Summer
and fall were approximately doublggghat of the winter and Spring.
The annual mean of 12 ms/1 is compa?ﬁble with the studies made

Leningrad (10), Stockholm (11}, scattle (15), Pretoria (16)),



TABLE N1
"Reduction in the Nitrites Concentrations

with the Progress of Storm,.

Date :Initial J Finzl Percentare
= Concentiration| Conceniration Reduction
in mz/1 in me/l
March 1314 . .

1971 ? 9.08 0.05 _ 38
June 6, 1971 0.19 0.1k 27
August. 10-11

ooy ’ 0.10 0.05 50
dctober 22 :

1971 ’ 0.04 «03 25

™~
- » v .
-
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Cincinnati (1§), AﬁncArbor (1”) and Ottawa_(l); but it is-
less than Lhose oo;crvbd in ueLrOLL (12).
' The B, O D. was found to be relatifhly constant

~in winter runoffs‘zs::hown on bage 7Gto p awe9Q¥of the Appendix.
This is probably due to the Tact that snow 'Z is q relatively
glow process and thence a fairly cenctant B.O.D. is fed to
the sewer“system. _Whercas the B.0.D. was found to vary cone
siderably in a given sform decreaolng rapidly toxards a mini-
mum value for spring, Ssummer and fall seasons, This effect is-
illustrated in Table 127 mherc the B 0.D. at the beginning of
the storm is comparcd to that at the end,

One of the possible reasons for this phenonmenon is . ///}
that the scwers are being Geeured clean during the storm and .
as&%he sewers flush themselves Qut ‘the B.0.D. value diminishes. -

Antecedent dry period of the order of one or two days ’
resulted in the initial B.O.D. values of the order of 20~35 mg/1
and it was not excecded even when the antecedent dry period was
more than a Couple of days. Antecedent dry perioed of at lca
onc day was also necessary to demonstrate the c¢Tfect of ralnfaLl
'1ntensity on the removal of 55.0,D. from Epe area.  Tho storm
of June 7, 1971 had antecedent dry period of*8 hours and a peak
rainfall intensitymbf'O.Gl inches/hour resulted in B.G.D. of
only 6 mr/l. On the contrary all the R,0.D. values sﬂown in -
Table 12 were the rosult of storms with more“than;oné day ante-

cedent dry period and peak rainfall intensity less than 0.61 N

inches/hour.



TABLE .12

o

.‘?2 _

-

Comparison of Initial and Final R,0.D, in -

-

~—~the Progress of a Storm.

_/.

-

o= ’ s .
B.0.D. at the Start B.0.D. at the End
Nal of Sampling.in mg/l <0 Sampling in mg/1
Date Ctea L “ .
i . . -
6 June, 1971 17 - 2 4
5 July, 1971 32 2
30-311 July,% 50 L
1971 ™ y
10-11, ‘August, 29- ' 6
19710 2| '
22 Octobrer, 21 1| 2
1oy o -
. ' {;
v n v 'l
. 7 : P
hY . . ;
f'_l
Q v
\
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Total Coliform an® Fecal Coliforn . K

Because rain falling.on‘the earth contains inéig-
nificant—%actérial contawination’(EQ) the major bacterlal
contamination of r-to*-rwater then w1u'"t ‘OCCur on contactrxith
the polluted land env1ronment.' qonl in areas remote from

man and his culturc receivcs insiﬁniffcant level. of occacloﬂal

contanminzation from wild anizals ang thercfore generally does
. not contain fecal coliforms (50). In cpntrast 5oil ;n areas

" populated by man, either on farms or in cities receives vary-

ing levels 6; pollution, from warﬁ;blodded aninmals, e.g.,
humans,-petsi_fafm-animals.and rodehts. In the urban community
fecai centaminﬁtion in scparate stormwoter sysféms i5 derjved
mostly from the fecal materi'al deposited 6n seil by éats, dogs
and rodents. | _

The minimum value of fecal coliforms observeg ih the
whole study was sero, whcrcaq total coliforns wpre 1&00/100 ml
The maxlmun values were 230 OOO/IOO ml for fecal coliforms and

17,750 000/100 ml for total coliforms. The annual arithmetic

B
averarge f%r total collforﬁs was 2,405,800/100 nl and for fecal

‘collformu it was 8790/100 ml Lhe ratlo of fecal coliforms

to total coliforms beinﬁ 0a36% \Fnlu ratio is much less than
that of 8.65% obsorvcd in C1nc1nr;11 (’9). N
The reuultu as shown in thc ﬂDanvlk show tnat Lotal

collform dcn51t1c" shoa SLFH*fLCani 1ncLoaQeu )“ marnltudo

'durlnp warmer month especially in late spring and’cummer.

.

. f . e e
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Initial_?ounts in the storm sewer on a number of
occasions showed high initial counts with a suBsequent de~
crease signifying the effect of,first flushing (storm of _
March 13-1%4, 1971 pagego Appendix}, this is also comparable,_
with the study made by Weibel, Weidﬁer, Christianson and
Anderson (18). But on some other occasions like storm of
Feb. 17-19, 1971 (page 86 Appendix), initial counts were at
_about the same lefel as the rest and in a few caseé the first
Lséuuples-gave low results (storm of June 1-2, 1971 page 100
Appendix). Heavy rainféll‘intensitiesssuch‘as that exﬁefiénced
during the storm of July 30-31; lQ?l?Ibaée 109 Appendix), showed
a rapid removal of total coliforms.-_Whereés'the more gentle;
étorm_df relatively constant intéﬁsity gives less variation

in total coliform cqunts,

TN

/'—-\



- CHAPTER V
CONCLUSIONS

1. The study of stofmtater runoff from an
89 ‘acre realdential area in Windsor 1nd1cates a fairly
considerable pollutional load. The following are the
storm runoff concentrations: colour aad’izlts, 'turbidity .
134 J.T.U., specific conductance 0.58 milli mho/cm, pH ?.35,
total suspended solids 305 mg/1, volatile suspended so0lids
59 mg/1, total alkalinity 106 ‘mg/l total hardness 211 mg/1,
(Eﬂcium hardness 14y mg/l, orthophosphates 0.98 mg/1, sulfates

) 106 mg/l, ammonia 0.087 mg/1, nitrites 0.09 mg/l, nitrates

-

1.40 mg/l, B.0.D. 12 mg/1, total coliform 2,&05 800/100 ml
and fecal coliform 8760/100 ml.‘ Since the percentage of people .
living in urban areas in Canada is likely to g0 up to 90% by

the end of thls century from 70% at present (31), these figures

' '111 be more and more 51gu1f1cant 1n future. In addition to

the increase in urban percentage the total population will

A

double., . )

.'dr 2. A runoff coaff1c1ent of the o;;“r of 0,84 for
Iinter results in pollution paramoters like total alkallnlty,\
B.O. D., total hardness, calcium hardness, chlorides, sulfates,
orthophosphates and nitrites having the highest
1bs/acre.loading during the wlnter‘months, even though the

conhentrations were not the highest at this time. ‘This p01nts

. out very clearly the danger of overréllance on coqcentratlons.

N
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of pollutants and disregarding the quantity of -discharge.

3. A comparison of storm and sanitarffioaas in
1b/acre showed that total suspeﬁded sdlids, orthophosphates
and B.0.D. in storpwatér werel68 %,38 % and!i%rrespectively
that of sanitary éewdge; Thus éotal suspended solids is
one parameter in which stormwater is of greater significahce'
than sanitaff sewage. - -

4. The correctness of the statement that "the first
part of a storm‘is_generally more polluted" was demonstrated
‘for orthophosphates, B.0.D., chlorides, sulfates, total hard-
ness and total alkalinity. . |

2. Under normal circumstances colour.and turbidity |
follow each other with turbidity being about 60% of colour
units. That they are affected by rainfall intensity has been
demonstrated.

6. Higher'raihf&ll intensity results in higher sus-
pended solids concentration énd higher totai rainfall'in the
storh results in higher suspended solids load. The volatile
material in the total sﬁspended solids formed about 19% as 
on annual gverggc. _

.7 Dilution_phenomenon was apparent for parameters
. like total alkalinity, hérdness, sufates and chlorides.'
| | 8; Specificiconductanqc depends qutly'upOn chlor-
ides during winfef. In other seasons the ions affecting -

EBpecific conductance are chlorides as well as sulfates.

W,
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_ 9. Fertlllzers are the rnost llael source of ortho-= -
phosphates and nltrates declininm use of ;eré;lizers from
spring to fall corre°p0nd to decllnlng average cencentrations
of thece paramctcrs in those scasons. Annﬁal avoragcsldf 0;98
mg/1 fo% orthophosohates and 1.4L0 mﬂ/l.fof nitrates exceed
.Sawyer's'thréchold levels for alzal bloon by a very wide RAargina.

10. In Windsor double the concentration of sulphur
dioxide than acceptable standarg annudl average is partialty
reéponsible for‘h{si concentrations of sulfates in storm run-
off,

11. The B;b.D. remains relativeiy constant during
winter but drops in othcr SCanons With the_progress of the
sto;m. Rainfall intensity Wduld only effect B.O:p. if thé'l
antecedent dry period is at least q‘déy.

12. The annual ratio of fecal colifbrms to total
coliforms was only 0:3%6% as compared to-8.6% in Cincinnati ' (\
(29),=this‘shows that the area'yasirelativply clean. Colifornm |
densities were significan hg pi"her‘during warmer spring and
sunmer monthsraﬂd in all cases during the study the total COll—. .
form density Was greater than 1000/100 nl, c¢riterion .for SKime

ming water quallty, in use in-many places in- North Aﬁerica.

Vo
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STORM WATER CHARACTERI%TICS
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Mean Water Temperatures for the Storms Analyzed

No. . Daﬁb. Average Temperature
in Centigrade
1 January 4«5, 1971 7 -
2 February 4-5, 1971 3
3 February 11-13, 1971 4
L February 17719, 1971 2
5 March 11, 1971 5
6 March 13-14, 1971 6
7 April 28, 1971 7
8 May 12, 1971 10
9 May 20-21, 1971 10~
‘.10 May 24-25, 1971 1}
11 June 1-2, 1971 11
12 June 6, 1971 15
13 June 7, 1971 T n y
14 July 5, 1971 1
15 July 15, 1971 <15
16 July 30-31, 1971 17
17 August 10-11, 1971 17
18 August 27, 19?1/ 17
19 October 22, 19?1. 16
20 December 6-?; 1971 7
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