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INTHOOUCT ION

Automation and the danger of over productivity have
created unprecedeanted amounts of leisure time in the United
States. We are now in the protes:z of finding that major
potengial recreational areas have been seriously polluted
by the by«p;oducts of the same automation and produckivity
which have created our leisure time. Increasing urbaniza-
tion has been accompanied by progressively more stringent
demands on water quality and quantity while steadily im=
pairing the same parameters. One of the major scurces of
water quality impairment due to concentrated urban growth
is combined sewer overflow.

Of the sewered communities in the United States,
approximately thirty percent of the smaller comaunities
and fifty percent of the major cities have separate storm
and sanitary lines (92). Move than sixty mlllion peo?le
in the United States presently reside in communities which
allow overflows from combined sewers. The annual averaze
extent of such overflow has been estimated by the U.S. De-
partment of Health, Education and Welfare (8) to be three
to five percent of the total untreated sewage producad.
During times of combined sewer overfleow, it was estimated
that 25 percent of the total untreated domestic sewage in

the system escapes to the recelving watercouvse, These



percentages do not include the significant amounts of bio-
chenical oxygen demand and suspended solids contributed by
the actual stovmwater guncif., The pollution caused by over-
flows from combinad sewers has recently received increased
attentlion because of ilacreased use of waterways for recrea=-
tion,‘particularly swimming, boating, and fishing, which
require, be;ause of human contact, a high degree of water
cleanliness., Frequent overflow of substantial amounts of
objectional material during the recreational months often
prevents the consumptive and reéreatiomal uses of our water
courses and beaches for weeks at a time,

The complete separation of sanitary and storin sewers
is considered to be the ultimate solution to thé problemn,
Eventually, even the complete treatment of the stormwatex
Awill probably be required in the larger metropolitan areas
in order to obtain water quality sultable for bathing during
the recreational season., The complete geparation of all
existing combined sewers was estimated to cost 20 to 30
billion dollars in 1964 (8). ALl new constructlon supposedly
incofporates separate systems. Citiles with combined sewer
systems ére changing their bullding codes to specify that
all storm drainage from gutters and yards must be carvied
éo the street in separate sewers to awalt the coming separate
sever gysten,

A significant porition of the pollution discharged in



the overflow from combined sewers ig due to the large amounts
of sludge scoured from the sewér by the excesg stormwater.
The'city of Buffalo, New York, reported that 1/3 of its an-
nual production of sewagze solids was lost through overflows,
while only two dr thiree percent of the annual sewage volume
was lost (8)., Most suthors agree that the volume of sewage
lost through overflows is eround 3 to 6 percent, but dis-
agree on the percentage of suspended solids and organic ma=-
terial lost. The bilochemical oxygen demand concentration
contained in an overflow from a combined sewer 1s approxie
mately that of the sanitary sewage alone., The suspended
solids concentration is usually six or seven times that of
sanitary sewvage.

Methods of treatment ofher than complete separation
are beiﬁg considered and studied, Some of these posgi-
bilitles include holding tanks for the excess storawater,
chlorination of overflows, enlargement of the cxisting sewer
systems to provide more storage capacity with eventual treat-
ment at the existing sewage treatment plant, and new zoning
codes, & héw treatment unit for overflows from combined
sewers is proposed in this study. Treatment of the over-
flows from combined sewers has been estimated to cost less
than 10 percent of the cost for complete separation (8).

Recognition'of a problem 1s the first step toward a

solution, The nead to separate sanitary waste water lines



from stormwater lines is presently recognized in the de~
sign and construction of new sewe:r systems which incor=
porate a complete separation. However, the question of the
most economical solution cf the‘exieﬁing pollutional problem
of overflows from combined sewars remains'unanswered. The
work described in this theels is almed at achleving guide

lines leading to the solution of this problem,



To fully understand the efféct, significance, and
alternatives connected wlth stormwater overflow of com-
bined sewers, each parameter related to the problem must
be studied. 1t is foxr thls purpcose that the literature
review is divided into sections dealing with the character-
istics of the overflow and with different treatment al~
ternatives. The literature revlew does not discuss all of
the theoretically possible treétment devices, but only

those considered to be practical at the present time,

Fréquency And Amount Of Overflow

Stream pollution during wet weather is primarily
caused by overflows from combined seweré, stormater dig-
charged directly to the stream, and wastewater bypasses
arocund treatment plants and bumping statlions., The fre-
quency and amount of such overflows are very sigﬁificante
Economical design of intercepfing sewers and sewage treat-
ment facllitles is dependent upon accurate knowledge of
the peak dry weather flow and of the magnitude, fregquency,
and effect of overilows from combined sewers. There are
many exzisting methods to estimate the average dry weather
flow (DWF), but stormwater runoff is much more difficult

to analyze since many combinations of intensity and duration



of precipitation produce flows far in excess of the capa~
clty of interceptors,

McKee (70) in his classical study of overflows from
combined sewers, found in the Boston, Massachusetts area,
that a 0.01 inch per hour of runoff, after the impervious
surfaces were wetted, produced a storm drainage runoff
equal to thé DWF. This study was undertaken to determine
to what extent stormwater runoif was intercepted, what a-
mount of sewage escaped as overflow from combined sewers,
. and how often overflows from combined sewers can be ex=
pected. |

McKee made a probability study of all hourly pre-
cipitation during the dry weather months of June through
Novemﬁer for the years 1934 to 1945 inclusive. He found
that fainfall in Boston during the dry months equaled or
exceeded 0,01 inches per hour approximately six percent of
the total time., If traces of precipitation were included,
McKee found that during the dry months, precipitation should
be expected 14.9 percent of the time or approximétely one=
sixth of the time.

Hoxrner (56) noted that surface runoff.was retarded
and decreased by:

a. retention on vegetation
b, infiltration into the soil
c. wetting of impefvious surfaces

d. depresslon storage



e. surface detention regquired to build up a sheet of
water sufficiently thick to cause ruunoff.

These factors are usually incorporated into the coefficient
of runoff, which iz largely deprendent upon thé relative ime
pervicusness of the area, and the intensity and ducation
of précipitation,

The coefficient of runoff will increase with the
duration of precipitation as Horner's assumptions are fule-
filled. Even though evaluations of the change in the co=-
efficient‘oﬁ runoff for high intensity rainfalls have been
- made; McKee doubted their usefullness for the lower in~
tensity rainfalls. McKee (70), in the absence of precise
information concerning the coefficient of runoff for low
intensity rainfalls, made the following assumptions:

a. that only the low intensity rain that fell upon im-
pervious surfaces during the six dry months would be
considered as surface runcff |

b. that after the initial wetting of impervious sur-
faces, including depressions'storage, all rain
falling was considered to run off.

These assumptions wvere justified by noting that some of
the runoff from impervious areas runs onto pervious areas
and is absccbed there. Wicks (55) estimated that ten per-
cent of the runoff frow Llmpervious arcas was lost. Hicks
and McHlee agree that the amount of vainfall from a low in-

tensity stora required to start runoff from an impervicus



surface is about 0,02 to 0.03 inches.

gince the low intensity rainfalls occur nost fre-
quently and are thus sigaiflcant in determining the amount
of overflow from combined sewers, the effect of the watting
of impervious sucfaces has to be considered., McKee, al-
lowing 0.03 inches to effect runoff frow an impervicus area,
re~examined the rainfall probability for Boston. By elimi-
nating the first 0.03 inches of precipitation for each
period of rainfall, he found that he could more accurately
predict thue runoff attributed to each storm,

e quantity of stormwatez : runoff that a combined
sever nay accomnodate depends upon the size of the inter=
ceptor in terms of the DWF and the quantity of sanitary
sevage beling discharged at ths time of the stoym. If a
storm occurs at nlght cr eawly ia the morning, the available
capacity for storm water will be greater than 1f the storm
occurred during the peak sanitary flow., MecKee found that
the rainfall showad no tendency to favor any certain hours
of the day., This observation means that the probability of
storm runcff coincid with the peak sanitary flow is bal-
anced by the increaszed capacity of the system for storm-
water during periods of low sanitary flow., Conseguently,
on the average, 1f the system is designed for 2 X DWF, the
quantlty of st tormwater iater cepted will be equal to the

average sanitary flow (70).



The proportion sf sewage escaping (E) as overflow
from a combined sewage system for a particular rainfall in-

tensity 1 is given by the following formula:

=)

I =1
5 el (70)
i 4 .01

where the interceptor sewer has a capacity of (r+l) times
dry weather flow. The term (i-r) is related to the quan-
tity of overflow‘from the combined sewer system, and the
term (i+.01) is related-to the total flow in the sewer.

For example, for a rainfall intensity of 0.15 inches per
hour and combined sewer with a capscity of 3 X DUF, the
amount of sewage escapling to the recelving watercourse wlth-
out treatment will be 0.814 or 8l.4 percent of the total
amount.

In the long run, the proportion of all sanitary
sewage that enters the recelving stream untreated will be
~a function of tue probability of occurrence of each rainfall
intensity and the proportion of sewage escaping at that in-
tensity. The sum of the products of these two functions
over the range of storm intensities will give the total per-
centage of raw sewage ecscaplng to the watercourse,

In order to defermina the frequency of overflous for
varicus interceptor cepacitles, ¥McKee examined the raine
fall recoxda for five years for the month: of June through

September. No storms were counted unless the total rainfall
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exceeded 0,04 inches,; of which 0.03 inches were allowed for
initiating flow, and the first 0.0l inch per hour was asg-

-

sumed to be intercepted. Each storm had to be followed at
least by twenty-four hours during which no overflow occurred.

McKee concluded that by these methods and techniques,
enginéérs may determine the optimum size of interceptor with
regard to péllution abatement and economy of design. ﬁe
also concluded that the added cost of larger interéeptors
does not apvear to be justified by the reduction of sewage
overflow quantities (79).

Johnson (59) reported the results of a study of the
overf{low frequency and duration of the combined scwers of
Wasghington, D. C.. Johnson defined "dilutlon ratio" as the
ratio of the capacity of the interceptor to the average DWF
which is being intercepted, Given in Table I, is a summary
of overflows to the steeams durding the period when Johnson
considered the number of overflows excessive. Included in
these overflows are the dry weather overflows of sanitary
sewage vialchn occurred only during the summer wonths for sta-
tions 3, 5, and 7. It was noted that at every gage, the
nuneber of overflows during the summer months exceeded those
during the winter months.

A study was made of the rainfall and runoff at Kan-
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TABLE I, Summary of Overflows at Five Locations in Wash=
ington, D. C. as Reported by Johnson (59).

Overflows in Six Summer Months

Station Dilution

o, Factor AN T N e tonthery
3 2.2 8.7 63

4 8.3 5.0 30
5 1.3 10.2 57
6 2.0 5.3 24

7 1.9 16.8 110
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It was found that a mzasurable encunt of rainfsll ccours

only five peréent of the tiwme, In computing the runoclif,
several simplifying assumptions were made!
a. that the first 0.04 inches of vain were required fo
inttiate runoff
b. that the runoff from impervious areas was 100 per-
cent efter the initial wet down
c., that the runoff from pervious areas was egual to the
rate of precipitation minus 0,10 inches per hour,
the assumed rate of infiltwation into the ground, and
d, fifty percent of the ares was consldered impervious
and fifty percent pervicus,
The resulte of deducting the first 0.04 inches from ecach
storm for surface wetting reduced the frequency of storus
producing runoff to 3.7 percent of the time. The average
DWF was estimated to be 0.0035 CF3 per acre. oxr 0.0035
inches pex hour. Using this figure,vit was found that a
runoff equal to the DWI or greater would occur 3.55 per-
‘cent of the time and that a runoff of two times DWF or
greater would occur 3.22 percent of the time. With the
peak DWI from Hanzas City equal to 1.5 X DWP, various sized
interceptors were studied to determine the percent of time
an overflow would occur. Benjes (25) concluded that since
the quantity of combined sewage is great, and the cost of
increasing the ianterceptor size is high for a small ree-

duction in the percent of tiwe of occurrence of overflow,
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that the maximum effective capaclty of a combined'inter-
ceptor is not appreciably greater than the peak DU,

The results of a one ycar study of combined sewer
overflow from a 24,500 acre town system in Michigan was re-
ported by Hubbell (57). The resident population was esti-
mated to be 302,000, A high weir stiucture was buillt at
the outlet of the system and provided 100 acre-feet of
storage in the sewers before overflow. The maximum in-
terceptor flow was 120 CFS or 2 X DHF. The dry weather
sevage was reported to be of medium strength and character=-
istics. During the year, nineteen separate overflows oc-
curred aund an automatic sampler took a composite sanple of
each overflow. During the 12 months, overflows of com~
bined sewage occurred for 187.9 hours or 2.15 percent of
the time. The total rainfall from May of 1965 through April
of 1966 was 26.37 inches., The rainfall occurred on 133
days and the system did not overflow on 86 percent of the
days.

Hubbell (59) cencluded that there was no constituent
strength change throughout the overflow period and that
treatment of combined sewesr overflows by conventional
methods would be costly and not uniformly effectual, A
storagé capacity of 1375 acre~feet or about fourteen times
thaﬁ provided would have retained all of the overflows,

Greeley and Langdon (53) described the New York City
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- .

Jamalca Bay problem and solution in detaill. The beaches

in the Jamaica Bay ares were not ccntinually suitable for
recreation during the sumner menths due to bacteria1'p01~
lution caused by overflows from combined sewzrs., Studies
of the location of overflow outlets, areas served, and the
sourcéé of sewage and stormwater runoff revealed a number
of abuses in the system. As no records of the frequency,
duration, and quantities of overflows were available, an
approach relatins.rainfall to sewage quantities and tri-
butary areas was utilized. Hourly recoxds of rainfall for
the_five summer moaths, May through September, for the
years 1950 to 1957 were urilized to establish the relation-
ships between the number of storxms, the total rainfall in
the storm, end the duration of the storm. The expected
number of storms during the five month period was found to
be forty with an average interval between storms of 3.8
deys. The relationship between the total rainfall in a
storm and the percentage of the storms in which this amount
of rainfall was exceeded, and the relationship between the
total rainfall in a storm and lts probable duration were
found., These vwere used to estimate the probable numbexr of
‘storms, the total amount of rainfali of each, and the probe
able duration of each rainsiorm expected during the summer
months,

Several important parameters were then estimated in
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order to utilize gathered data for a rational analysis of
the problem., The average DWF was found., All flows less
than 2 X DWF were assumed intewvcepted and glven full treat-
ment., The first 0.03 inches of a rainstorm were assumed to
initiate runoff. After the inltisl 0.03 inches, forty per-
cent of the rainfall was considered to enter the combined
system as runoff,

Using these factors in conjunction with the rain-
fall data, computations were made to estimate the overflow
conditions for a typical 1000 acre urban basin. Forty
rainstorme were considered to occur during the summer months,
with 25 of these causing overflows. The average interval
between overfilows was found to be sin days wlith a total
duration time during the summer months of 229 hours or 6.2
percent of the time. Under these conditions, it was dis-
covered that 2.6 percent of the sewage was lost through over=
flows, and that 52.5 percent of the total runoff was inter-
cepted and received treatment at the sewage treatment plant,

Each period of »ruxnoff of combined sewage defined as
that time after a rainfall when the flow was 0.1 MGD greater
than the expected DUF, was carefully examined at Northampton,
The average percentage runoif foir the whole drainage area
was found to be 38,9 perxcent, or 77 pexrcent when based on
the impervious area alone., For storms with a high total

rainfall but not a signifilcantly high intensity, the tota
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runoff'was‘approximately equal to the rainfall on the im-
perﬁious area (50),

The duratlon of f£lows in excegs of particular values
of the DWF (0,323 M3ED) for the perlod of study were in-
vestigated. The authors found that over the rangevof one
to 98 percent of the‘occasions of overflow, there was an
almost linear relationship between the duration and the
percent of time of occurrence., This result indicated that
the distribution of durations of overflows from a combined
sewer system was very close to being log-normal (50). The
volume of combined sewsge discharged from a hypothetical
overflow; if one had existed at the neasuring flume, for
each overflow setting (ezpressed in terms of DWF) was con=
structed for the Northampton study. It was noted that for
each increment of 1 X DWF in the overflow settlng, the num-
ber of overifilow occurrencies per year was reduced by ap-

proximately four percent (50).

Characteristics 0Of Qverflows From Combined Sewerse

Various exploratory studies have been conducted on

the characteristics of urbkan stormwater gunoff. Since the
studies vary in pattern and background, the results have
not been consolidated to one set of data which may be cone

sidered as representative of the United States.

®

Palmer (77) sampled stormwater runoff from land
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surfaces at various street catch basins in Detroit in 1949
and 1960 (76). Ee found that the BOD ranged from 96 to

234 mg/l; total solids from 310 to 914 mg/l; and coliférm‘
MEN's £rom 25,000 to 930,000 per 100 ml. In 1960, he found
the suspended solids averages from two storms to be 213 aand
102 mg}l. The concentrations varied considerably between
catca basiné and at the same point at different times. He
noted that in some cases the quality of runoff worsenad
with time and in other instaunces improved.

Wilkinson (100) in 1954, publighed the results of a
study of surface runoff from a 611 acre estate with separate
sewers at Quney, England, The surface water runoff con-
~tained BOD up to 190 mg/l and suspended solids concentra-
tions of up to 2,045 wg/l. The BOD increased with an in-
crease in the length of time of antecedent rainfall up to
a period of eight to ten days, after which no increase was
noted. A study was made to assess the actual discharge-of
BOD and suspended solids to the stream as opposed to a hy=
pothetical treatment plant which would freat the combined
wastewater if a combined sswer were present., It was con-
cluded that the separate system reduced the BOD reaching
the stream,; but the suspended solids leading was incresased
by slx or seven times. Wilkineon also noted that the first
flushings from the storm sewers dld not contaln more objec~

tionable material than did the subsequent flows, except
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after long antecedent dey periods.

Schigorin (84) pubiished the results of a 1936 sam-
pling survey of stormvater runcff in lMoscow, which indi-
cated a BOD of 186 to 285 mz/1l and a suspended solids conQ
tent of 1000 to 3,500 mg/l. In 1948-50, in studies con=
ducted to Leningrad's cobblestone streets (84), the storm-
water runoff'was found to contain a BOD of 36 mg/l and sus=-
pended solids of 14,541 mg/1.

In 1959 and 1960, Sylvester (92) made a study of the
characteristics of starawater fxrom the Seattle street gut-
ters. Ke found thét the constituent concentrations were
highest when the antecedent rainfall nad bean low,

Akerlinch (2) in 1945 through 1948 found the median
‘concentratiohs of the summer storwmwater runoff from streects
and parks in Stockholm, Sweden. The median value of coli-
forms was 4990 per 100 ml; COD, 188 mg/l; total solids, 210
mg/1l; and BOD, 17 mg/l.

Riis~Carstensen (78) found that the combined sewage
of Buffalo, N.Y. in one hour during a storm contalnsd 28,4
times the amount of suspended solidsg normally found in the
DWF. He also noted that any evaluation of the pollutional
effect should not be made on volume alone due to the wide
variance of the constituent strengths of the overilow,

in 19564, a vather extenslve study was initlated by

the United States Public Health Zervice (98} of the stora-
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water runoff of a 27 acre wesidential and light industrilal
drainaze basin with separate sewers in Cincinnati, Chio.
Approximately 37 percent of the land was considered L
pexvious with a ground slope of'two to three percent., The
stormwater runsff was ecanpled from July 1962 through Septem-
ber 1963. The range and mean constituent concentrations of
the stormwater runoff are presented in Teble II, exclusive
of January and February when the runoff was largely due to
snow melt which was high in chlorides due to street salting.
The BOD and COD averaged 12 and 9 mg/l, respectively,
which is about the quality of & secondary sewage treat-
ment plant effluent. The suspended solids averaged 210
mg/1 which is approxzimately tbhat of raw sewage. The per-
cent volatile suspended solids content was lower than that
for sanitary sewage alone. Samples of stormwater runoff
vere also subjected to a2 20 minute sedimentation period
after which the supernatsnt was analyzed for suspended solids,
volatile suspended solids, BOD, and COD. The range of sus-~
pended solids reduction was 27 to 53 percent, depending on
the concentrations in the initial runoff. Similarly, re-
ductions of volatile suspended solids ranged from 17 to
50 percént; BOD, 3 to 17 percent; and COD, 5 to 34 perceﬁt.
The authors of the Cincimnatl study concluded that
they could find no correlation between antecedent rainfall
and runoff loads., The authors also compared the storm-

water runoff constituents, computed for the years runoflf
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Reported Constituent Concentrations of Stormwater
Runoff Prom the Cincirnati Study (98) From July
1962 through Sevtember 1963,%

Range Mean
Perameter
(unite)
Turbidity - 30~1,000 170
Color 10-380 81
PH 5.3"807 7.5
(mg/1)

Alkalinity 10-210 59
Ca 24=200 63

Hardness Mg 2«46 15
(as CaCO3)  Total 29-240 78
cL” 3-35 12
Ss 5-1,200 210
Vss 1-290 53
COD 20-610 99
BOD 2-84 1¢
NOy 0.02-0.2 0.05
Nitrogen NO4 0.1-1,5 0.4
(as 1) KHg 0.1-1.9 0.6
Orgo 002"4’.8 1:7
PO, (totel soluble as POQ) 0.07-4,3 0.8

% Janvary end February of 1963 are not inecluded.
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from the 27 acre site, with the estimated émount of thg
game constituents that might be contributed‘by the raw
sewage in tﬁe area, A density of nine persons per acre
existed. This compariscn of the stormwater runoff load and
the sanitary sewage load in pounds per acre per year indi-
cated that the suspended solids in stormwater runoff was
1,4 times that in normal sewage and that the BOD load con=-
tributed by the stormﬁater was neglble. The results of
this study indicated as the authors point out, that urban
stormwater zunoff can not be coverlooked in considering the
wastes discharged from an urban community.

A

-t

imited sempling survey of the storm runoff at
eleven catch basing was run in Washington, D. C. (8).
Several samples were taken from a catch basin during the
storm., The BOD was found to average 126 ppm while the
average concentration of the suspended solids was 2,100
ppn. Thege concentrations Indicate a substantial pollu-
tional load from the stormwater runoff,

Dunbar and Henry (42) presented a compilation of
five day BOD, suspended solids and coliform concentrations
for combined stormwater arnd raw sewage discharges. This
data, gathered fxrom a number of investigators, is presented
in Table 1II. The authors suggested that field observe-
tions have not borwe out the idea that, after a first flushe

ing of the strests and roof areas,; a narked decrease in the



TABLE 11l. Characteristics of Combined Sewer Cverflow As Repor

And Eenry (42).

A

ted by Dunbar

City Coliform Total Sclids Suspended Soliids BOD
(MPN/100 m1) (mz/1) (mg/12 (mz/1)
Buffalo, b.{a Yo —— re———— 172 tO }. 9?—-20 ——
Puffalo, N. Y. — 498 to 754 158 to 544 100 to
162
Puffalo, N, Y. — 461 to 785 126 to 436 12}2§o
Detroit 4,300,000 — 250 50 k3
Toronto,Ont, {Eglinton 23,000 to —_— 130 to 930 49 to
ave, } 2,400,000 260
Toronto,Ont. {Horth York 70,000 to Includes 17 to 589 0 to
Storm Trunk Sower} 3,500,000 100 mg/1 (2 days) 100
. _ zine (toxic)
Welland,Ont.{Burgar St.) 210,000 850 to 560 168 to 426 220 to

614
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constituent concentrations of the cambined sewage occurs.

A very comprehensive two-year stormwater study was
described in 1963 by Gameson and Davidson (50). This study
was concernad with the composition and flow from a com=-
bined sewerage system in Northampton, England serving an
area 6% 229 acres and a population of 9,600, Fifty per=~
cent of the:area was considered impermeable., The total
length of severs was nine miles with ninety percent of them
being egg=-shaped brick sewers of sizes ranging from 2 by
1.5 feet to 3 by 2.5 feet, Eighty percent of the sewer
system had a gradient between one in 30 and one in 160 with
the median being one in 77, A flume was specially con=
structed for the study at the lowest point or outlet of the
drainage area. Two rainfall recorders were installed in
the area along with an sutomatic sampling apparatus for
the stoim flows, The rainfall during the two yesar study
wag only five pevcent more than expected during average
conditions, which meant that the study should be very repre-
sentative of average conditions in the area. The average
DWF for weekdays, Saturdays, and Sundays wac found for
each month from February 1960 to Janruary 1962, Ths average
DUF was found to be 0.323 million gallohs per day.

The dry weather sewage was sampled om 51 days when
737 samples were taken and analyzed. The averége cry

weather concentrations of ROD and suspended solids were
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found to be 333 ppm and 368 ppm, respectively. Over 3,200
samples were taken by the automatic sampler during some |
300 storms., The vaeriation of the quality of combined sewvage
with-the time of day wes studied and the average concentras-
tion of BOD and suspended solids in the combined sewage was
compared with that of the DWF. The most significant result
was that the concentration of suspended solids was greater
in the combined sewage than in the average DWF. The BOD of
the combined sewage was generally less than that of the DWF,
except at night. A study was also made of the variation of
BOD with flow and time since the start of the storm. A
first flushing effect was found. The average BOD for the
first five minutes of runoff was 351 ppm, while the average
for the complete runoff of all the storms was 123 ppm. This
would indicate that either large quantities of solid matter
are carried into the sewers by the surface water, are flushed
from house connections,; or are scoufed from the sewvers,

. An examination was rade into the reasons for the
high concentrations of the solid matter found in the com=
bined scwage. The Noxthampton investigators obtalrned samples
of surface water ruvoff from a storm sewer in an adjacent
drainage area on four occasions in 1961, and the analysis of
these samples Indicated that it was very unlikely that the
high concentrations of suspended matier found in the Nort-

hampton combined sewage could be caused by the entry of



- solids into the suxface water. On thirteen occasions there
was a substantial accidentzsl discharge of clean water into
the Northampton system in dry weather. An examination of

the composition of the sewage during these occasions tended
to indicate a scouring of the deposition in the sewers, which
indicé%ed that the major source of the solid matter in the
combined seﬁage must be within the sewer system itself, In
order to further acssess the effect of a discharge of clean
water into the Northampton sewer system, the investigators
made arrangements to have 0.1 million gallons of clean water
released from the city reéervoir. The release occurred early
on a Sunday morning when the flow and composition of the
sewage was the lowest. In three minutes the solids rose

from 100 to 7,500 ppm, and in another five minutes had fallen
to 1000 ppm. The total weight of suspended solids passing
the sampling station during this experiment was estimated to
be 320 pounds ~ compared with less than 5 pounds estimated
from the normal DWF during the same time intexval. The
corvesponding figures for BOD were 88 and 3 pounds. The
authors noted that the values for suspended solids in thie
experiment will normally rot include any contribution by

grit or sand ag most of thls material was expacted to pass
under the sampiing shoe, At the beginning of this con-
trolled ezperiment the stilling chember at the flume was

cleaned, but at the end there was en estimated 100 pounds
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of grit in the chamber, It was estimated that the total
solid matter carried through the flume must have exceeded
430 pounds as considerable grit was transported through the
flume. The total solid wveight was estimated to be 0.25 to
0.50 tons. If one-half a ton of material had been evenly
distributed ovér the one and one~-half miles of sewers car-
rylng the discharge of clean water, this would equal three
ounces per foot (50),

A study of the average velocities in the Northampton
sewer system showed that during the minilmum night flows,
38 percent of the sections bhad a velocity of less than 0.5
feet per second., The corresponding figure for peak daily
flow was 15 percent. It was concluded that the deposition
of solids in the Northampton sewage system during DWF was
very significant (50).

The conclusions drawn Lrom the Northampton study were:
(50)

a. That raising the overflow setting by one DWF had ap-
proximately the same proportional effect in the range
from three to thirty times the DWF, and that no small
change in overflow setting would bring about a sub-
stantial reduction in the pollutional load discharged
to the stream.

b. The BOD of the combined sewage was least for stozms

occurring in the latter part of the night and decreased



with increases in flow. The BAOD decreased with time

since the storm started and increased with time since

&

antecedent rainfall, The suspeunded solids content

was not substantlally affected by the time of day and
the flow, and was generally greater in combined sewage
‘than in rawv sewege., The first flush of combined sewage
contained the greatest concentration of objectionable
material,

c. The deposition of considerable quantities of grit and
organic solids in the sewer system during DUF was
largely responsible for the first flush during storms,

‘d. A storage capacity equivalent to two hours of DWF would
reduce the BOD discharged in the overflow of combined
sewvage by forty peircent; the corresponding figure for
a detention capacity of six hours of DWF was sixty per=-
cent.

e, The average yearly BOD load discharged from an over=-
flow setting of six times DWF would be aporoxnimately
equal to the total BOD discharged as effluent from a
sewage treatment plant.

As a result of three sepafate stormwater investiga-
tions in England, the Ministry of Technology published some
interesting results and observations (14). The areas studied

4
)

were parts of Bradford and Brighouse, as well as the Hort-

hampton, which has already been discussed. Waen allowance
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was made for the differences in raiﬁfall, impermeable area,
and dry weather flow, it was found that there was a re-
markable agreement in the data from the three areas, &n
equation describing the average ysarly duration of flows

in excess of the DUF was developed for the three areas., The

equation was:
: c-l'.
D = 20R[1+16.2(Q=q)/A])" "

“vhere:,
D = duration in hours during which the combined sewage

exceeds a particular value (Q)

O
1

the particular value of combined sewage flow excesded
in MGD

q = the DWF in MGD

A = the sum of the roofed and paved areas or impervious

area in acres

R

the total rainfall in inches during the perlod con-

_ sidered which sou}d be at least a year,

The thiree study areas had populations ranging from f£five to
ten thousand and times of concentrations of from 12 to 23
minutes. The chief difference in the three sites was the
degree of impervioiss avea whlch vranged from 11 to 50 pewcent.
This equation was applied to & fourth area in England and
compared with the known values of duration. As a result it

was suggested that for areas with times of concentration
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greater than 30 minutes, the equation should be modified
(14). The total volume combined sewage dlscharged as a ree-
sult of any particular setting can be found by the inte-
gration of the obgerved dietwibution cuxve. - The author
stated that the eguaticon camiot be considered valid for the
higheéf flous (14).

A stddy of a 177,22 acre combined sewer drainage area
in Baltimore was made in 1941 bf Stegmaier (91). The area
was mainly conposed of private dwellings with approximately
thirty percent of the drainage area being lmperviousg, It
was noted that the peak amounts of total, fixed, and vola-
tile so0lids occursred with the peak discharze., During peak
flow, the concentration of total solids was 8.7 times the
average concentration in the DWF; the fixed solids, 13.8
times greater; and the volatile solids, 6.5 timee greatexr.
The data gathered indicated that the amount of sgolilds
carried by the flow was directly proportional to the dige-
charge and that the first flush through the sewer did not
scour out orxr reduce the solids during the peak flow,

The results of a study of the characteristiceg of dige
charges from separate storm sewsrs and combined sewers at
two locations in Michizan provided inforwation on the bace
teriological quality of the discharges duwing periods of
rainfall (29)., The combined sewer system served an area of

21,000 acres in Detrolit, while a separate storm sewer in
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Ann Arbor was chosen which served 3,800 acres. Automatic
sampler were installed at both locationg to gather come
posite samples of the discharge., The discharges from the
separate sewer system contained gquantities of total coli-
forms, fecal coliforms and fecal streptococel with the mean
denglity of total coliforms for the six summer months being
1,200,000 organisms per 100 ﬁl. @ mean deasity of total
coliforms for the coﬁbined system during the six sumnmer
months was 9,400,000 per 100 ml, Thls result indicated that
a considerably larger quantity of total colifoxms are dige
charged from combined sewers than from separate storm sewers.
During this study the mean coliform concentration of the
combined discharge vaeg eight times that of the separate
storm sewer.

The suspended solids in the overflow from a town
system in Michigan varied from 42 to 1300 mg/l with an
average of 198 mg/l, which was 112 percent of that found in
the dry weather flow. The volatile suspended solids con-
centration ranged from 15 to 82 mg/l with an average of 50
mg/l, which was 42 pezcent of thét of DWF. The BOD ranged
from 10 to 229 mg/l with an average of 52 mg/l, which was
37 percent of that of DWFQ‘ The MPH values varied f£rom
93,000 to 1,100,000 averaging 500,000 vhich was 86 percent

of that of DWF (57).
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Holding Tanks As A Means Of Reducing Overflows

L R w T

From Comblned 3Jewer

The design cepacity of a holding tenk is governed

by the desired frequency of combined sewer overilow to the

receiving stream, and is therefore dependent upon local

rainfall conditions. An elimination of pollution may be

realized by the construction of holding tanks which func-

tion in four ways

1.

To sexrve as a storage reservolyr for the complete re-
tention of excess storm flows during perlods of light
to moderate runoff

To serve as a detention device for the combined sewage
overflow and to effect the removal of suspended and
floating solids

To equalize flow to the existing treatment plant.

This equalization enables some of the potential ovaore
flow to receive treatmont,

To capture the first flush of an overflow in situations
ilavolving high intensity stoxuns,

The city of Colwabusg, Chlo constructed stosmwater

holding tanks in 1934 for the purpoce of providing stovage

and partial sedimentstion of the combined sewage overflow.

Prior to the construction of these tanks, the dissolved

oxygen level in the receiving streams was zero in certain

locations and the flow contalned large quantities of solids,
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The rainfall intensity-duration=frequency curxves selecﬁéd
for design purposes allowed combined sewsr overilow not
more than four times per year for some sectlions and not
more than elght times per year for the remaining sectilons,
One group of these tanks was still operating effectively
as_of‘January, 1966, Thig group consisted of three tanks,
each 180 % 105 x 10 feet., Automatic controls have been
added for the regulators, emargency bypass channel, drain
gates, and inlet gates (54). '

The city of Toronto has two storm holding tank sys-
tems, An open tank handles flows in excess of nine MED and
is reported to be quite effective in retaining solids, even
though it must be dredged periodically. The 30D removal
efficiency of a 96,000 cubic foot storage system for a
2,196 acre drainage avea was estimated to be fifty perceat,
but this efficlenty was believed due to the small drainage
area}(lﬁ).

Dunbar and Henry (42), suggested that banks of large
storm water helding tanks at points of intexsection between
the interceptor and laterals may not prove to be economically
feasible and possible even physically impossible. A system
of smaller locél tanks in the drainage basin of interest may
be more economlical as well as practical. An advantage of
this typzs of system would be that tanks could be added as

the area develonad, Dunbar and Henry concluded that by

£
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providing sufficient volumetric stormwater storage for a
stoxm‘with an intensity of 1.2 inches per six hours, the
number of occurrvences of overflow per yearxr may be reduced
by greater than ninety percent.

A combiﬁed sewvage holding basin was recently de-
signed for Macomb County, Michigan to alleviate the problem
of combined sewage overflow which normally occurred about
35 times per year. The reinforced concrete boxz has a total
cabacity of twelve million gallons and cost $800,000, The
structure hags a reinforced concrete top and a forced air
blower to disperse odors (13),

The effiect of storage at a hypothetical overilow was
studied to determine the reduction in polluticnal load to
the stream for various overflow settings.at Northampton,
England (39). The theoretical tank was artificlally op-
erated to receive the first £flushings of the stormwater as
soon as the flow in the sewer exceeded the overf{low setting.
This matexrial was to be returned to the sewer as soon as the
flow fell below the overflow settingo The overflow setting
selected for this limited study was 6 times DWF for two
values of tank storage capacity, which gave two and six
hours detention of the average DUF., It was pointed out that
in practice the storage capacity could be provided by a
sufficlient enlargement of the sewer, the flow to the treat-

ment plant being restricted to the desired value by means of
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a throttle pip=s. The overfilow would not operate untii the
entlre stofage provided had been utilized. Calculztions of
the reduction of BOD load discharged to the stream by utllie
zation of the theoretical detention tanks were made for 68
storme, when the flow rose above 2 MED (6 X DWF). It was
found that the reduction reslized by the smaller tank for
suspended solids and BOD would have been equivalent to
ralsing the overflow setting from 6 to 8.6 and 8.4, respec=
tively. The dbrresponding values for the larger tank would
be equivalent to raising the overflow setting from 6 to 12,0
and 11.0, respectively. This amounts to a percentage saving
in total BOD load discharged duving the year of 13 percent
for the smaller tank and 20 percent for the larger tank (50).

A sewage treatment plant near Skegnese, England was
provided with holding tanks o enable partial treatment of
flows between three and six times DWF, When the rate of in-
flow to the plant exceeds three times DWF, a stoxmwater pump
comes Into operation and the excess flow is pumped to one
of four horizontal flow holding tanks with a total capacity
of 86,000 gallons, At the end of the storm the tanks are
flushed back into the incoming sanitary flow (22). |

Two primary settling tanks with‘the equipment removed
act as holding tanks at Falkirly, Scotland. The rawv sewage
arriving at the sewage treatment plant f£irst passes through

the holding tanks. The two tanks with a combined storage
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of 450,000 gallons provide a 36 ninute detention time be-
fere discharge to the receiving water course‘(ZI). Many
other English localities have made use of holding taunks
(41,17,18).

Chicago is presently studying a totally new concept
for controlling combined sewer overflow. The plan envisions
temporary étorage underground of excess sewage flow from
combined sewvers. The storage would be provided by a system
of tunnels and chambers, 800 feet below the city in solid
rock., After the storm, the stormwater would bz pumped to
the surface for twreatment. This proposal is still under
study (192).

The disposal of surface water from a 5,900 acre cone
centrated development area in England caused a problem bze
cause the receiving watercourse was not large enough to
handle the storm flows. A study indicated that a man-made
lake would suffice to limit the discharge of stormwater to
_the receiving watercourse, The lake would provide a storage
capacity of 3.5 million cubic feet, which was adequate for
the ten yesar stoxm (36).

A retention basin of 400,000 cubiec feet per 1000

acres for Jamelcs Bay, New York was studied which would pre-

b

vent the discharge of floating scwage solids and provide

v

sufficient contact time for chlorinatiocun. The size of the

retention basin waz such as to guarantee a 15 minute detention
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time of the maximum flow capacity. This procedure was, in
general, adopted for the abastement of the Jamalca Bay pol-
lution problem. A typical arvangemeant and operating policy
was described (53), The total cost of the eliminaticn of
marginal bacterial poliution from Jamalca Bay was‘estimated
to be $40,000,000, of which $23,000,000 was for changes‘and
alterations of the existing sewer system. The remeining
$17,000,000 was for the construction of seven overflow treat-
ment daviées. The cost of the trestment facilities vas
$1,100‘per acre, It was noted that thils was less than seven

percent of the total cost of complete separation (53).

Chlorination And Sedimentation Of Overf{lows

e

From Combined Sewars

The use of chloxrine for treatment of sewage and
muniecipal water supplies was patented more than 100 years
ago and was first used in the United States in 1908 for the
continuous cisinfection of the Jersey City, Few Jersey,
vater supply (46)., The amount of chlorine required to pro-
duce the desired kill of bacterle end other organiems in
gevage depends on the quantities of soluble and insoluble
materlals and the nature of the substances present, In
1936 it was pointed out (81)~tha€ settleable solids had a
couciderable chliorine demand and thet thelr rate of abe

sorption was slower than that of the suspended solids. Even
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bthough settleable solids do not absorb much chlorine per
unit weight, they are very important due to the fact that
they represent a high pexrcentage of the total solids,
Rudolfs and Gekm (81) investigated the chlorine demand of
the different fraoctions of sewage. Thelr results are re-
ported in Table IV, which shows thaf while the suspended
and nonmsetfleable fraction represents a smali percentage
of the total solids, their chlorine demand per gram of
so0lids ig such that they are responsible for s significant
portion of the overall chlorine demand,

Numerous investigators (34, 3, &, 49) have studied
the effect of contact time and concentration of chlorine
on the eiffectiveness of chlorination of sewage and storm=
water. Camp, (34) investigating the effectiveness of
penetration of chlorine in comminuted raw sewage, found
that the chlorine demand after two mimites ranges from 4
to 23 ppm., He also noted that with chlorine doges of 20
to 328 ppm, coliform kills in excess of 99,0 percent were
achieved in less than ten minutes in all but one of his
experiments. After dechlorinatlon, the samples were blended
in a Waring blender and showed & five to ten fold increase
in MPH,

The effect of chlorination on enteric viruses has
been s*udiea by Kelly, Sally, and Sanderson (61,62), In

one study five strains of polio and two strains of Coxsackie
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TABLE IV. The Relative Chlorine Demand of Various
Constitvents of Sewage Ag Presented By Rudolfs
And Gelm(81)}.

Ci,  Cl,Demand  Total CL, per
votd . 2 2 2
Froc;ionﬁof Consumed  of Total $olids  gram solids
Settleable 5.3 30 592 -9
Non=gettleable 3.1 17 26 119
Suspended b4o2 23 16 262

Dissolived 5.3 30 634 8
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virus were examined. At pl values betwesn six and eight
a free chlorine residuzl of st least 0.3 ppm for a comtact
time of at least thirty minutes was required for a 99.9
percent kill ox inactivation of enterilc viruses, A contact
period of one hour was required for a combined residual
" chlorine content of 10 ppm to insure a $9.7 percentage kill
or inactivation of enteric viruses. In another experiment
(71), it was concluded on the basis of laboratory experi-
ments that 0.3 to 0.5 mg/l of free chlorine is sufficient
to inactivate thyree types of polio virus and six other types
of enterovirus suspended in buffered saline water at pH
seven at 22 degrees Centigrade for ten minutes. Camp (34)
suggested that if a ten minute chlerine contact period wvas
provided for the capacity of the combined sewers esnd that
if a chlovrine dose of about ten ppm greater then the one
hour demand was applied for flows up to five to ten times
the DWF, that there would be a sufficlient contact time and
combined chlorine resldual to inactivate the enteric viruses,
Frost, Balch, end LaCave (49) made & thorough study
of the expected bactercidal effects under varylag conditions
of chlorine dose, demand, residual and detention time, The
samples were allowed to settle fov two hours in Imhoff cones,
after which 99 ml of settled sewage were yemoved by siphoning.
The settled sewage samples were then innoculated with 54 10,

15, 20, and 40 ppm of chlorine with detention times of 1, 5,
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10, 15, 30, 60, 120 minutes and two days. The two day de-
tentlion was used to determine the aftergrowtlhi, This study
was conducted in order to formulate a "safe trend curvel,
fof the kills which Y“could be anticivated®™ 100 percent of
the time., There were approximately seventy test results
for eaéh gspecific chlorine addition, Some of the‘results
of these teéts are presented in Figure 1.

Studies were undertaken by McCarthy (34,69) in 1960
to investigate the required chlorine doses for sewage mixed
with stormwater. Tap water ﬁas substituted for the storme-
water. The dilution ratios of tap water to sewage studied
were 10 to 1, 25 to 1, 50 to 1, and 100 to 1. Sufficient
chlorine was added to produce a fxee chlorine residual of
one ppnm agfter twenty minutes., Camp (34)_suggested that tep
vater was a satisfactory substitute for stoxmwater because
of the combined chlorine demand of the high free amnonia
content of the tap water. The diluted sewage was gently
sticred during the contact period, The membrane filtex
technique (IF) was used for coliform counts with an oc-
cassional check by the conventlonal dilution tube method,
The coliforms were counted after varying contact periods
and in some of the runs were also countéd after two minutes
in a VWaving blender., The vesults of the 10 to 1 dilution
indicated that the required chlorine dose to produce a one
ppin free chlorine was 8.5 ppm. These teats indicated that

a substantial coliform reduction can be achieved with
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chlorine doses very much less than aré required with normal
municipal sewage. Caﬁp (34) suggested that these results
~should be verified with dats on actual stormwater,

Romer (15) disagreed with McoCarthy's assumption that
the diluted raw sewage was representative of combined scwage.
He stéted that the BOD and suspended solids concentration
inlcombined:sewagegreatly exceeds that of DWF. Romer stated
that it—is not unusual to have a suspendsd solids content
of as high as 1090 mg/1 or 2000 mg/l and that 5000 mg/1 was
not impossible.

The Cincimnatli Water Research Laboratory of the United
States Department of the Interior published in January of
1967, the results of a two year study on stormwater (45).
Fifty storms were included, and the results of laboratony
settling and chlorination studies of stormwater runoff from
nine storms in the Cincinnatl) area were presented, The
runoff was treated by settling for perlods of ten minutes
te twenty-four hours, and by chlorination of two to aine~
teen mg/l with a twenty minute contact time, followed in-
mediately by dechlorination foxr purposes of determining the
bactercidal effect of the chlorine, )

The concurrent settling and chlorination studies wexe
made in 2,000 ml graduates, A standardized chlorine solute
vas added to each graduate and thoroughly mixed. Samples

were withdravn after twenty minutes, dechlorinated,. and the
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free residual and total residual chlorine were found along
with the bacterial reductionsg of the total coliform éroup,
fecal coliforms and fecal streptocccci. Examinations were
also made to determ;ne the aftergrowih of each indicator.
The membrane filter technique was uced to‘determine the
densities of the total coliforms, Fecal doliforms, and fecal
streptococci. The authors attributed the wide variation in
the amount of chlorine to effect a ©9.99 percent kill to the
components creating the chlorine demand rather than the nume-
ber of coliforms present. The densities of the total coli-
form organisms after tventy minute concurrent settling and
chlorination ranged from 2 to 4,500 per nl., In Figure 2,
Evans, et. al. (45), present the bactercidal results on the
total coliforms, fecal streptococci and fecal coliforms
with concurrent twenty minute settling and increasing
chlorine dosage. Evans, et. al., noted that twenty minutes
of settling alone effected practiéally no removal of coli=-
forms, but that twenty minutes of chlorination produced
approximately the same rate of kill of &ll three groups.

It was also concluded thet the leveling off of the curve
after six mg/l of chlorination indicated that some well pro-
tected organisms survived the twenty minute detention. The
investigators also concluded that the presence of free
chlorine after twenty minutes would not guarantee that

virtually all the coliforms had been destroyed.
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Aftergrowtl! was euperierncad for‘tétal coliforms even
at the highest chlorins dovsages (45), The'aftergrowth was
followed by a natural die-off. Fecal streptococei and fecal
coliforms did not show the aftergrowth exhibited by the
total colifoxm group., Therefowsz, the alftergrowth of the
total ‘coliformg was not attributed to the fecal coliform

segment, but to Aerobacter sesrogenes, as it is the most re=-

sponsive organism to very minimal amounts of nutrients,
Evens, et. al., (45) reccommended that fecal colifozms be
used as an indicator of the effects of the chlorinated storm-
water dlscharged to the stream,

Camp (34), in orxder to determine vhether aftergrowths
of coliform bacteria in the receivimg strean should‘be exe
pected after discharges of chiorinated sewage, diluted the
chlorinated effluent with tap water. After a ninety minute
chlorine contact time, the samples were diluted in ratios of
16 to 1, 80 to 1, and 200 to 1. Coliform counts were then
made immediately after dilutlon, end at 24, 48, and 72 hours.
The results indicated that there was no appreciable after-
growth as all counts were less than 240 per 100 mi, Camp,
based on his other experiments, then concluded that the poste-
chloxivation of a well settled sewage provides no better
bactericidal results in the receiving stream than the chlo-
rination of comminuted raw sewanc.

In March of 1860, the staff of the MNew Hampshire
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Water Tollution Comnisgsicn publiched their report on the
bactericidal efficiency of concurient chlorination and
fifteen minute settling. This ctudy was divided into three
separate, but closely related chlovrination studies (3).

The purposge of the first study was to determine
whethcxr or not a practical level of chlorination of raw
sevage existed such that 99 percent of the time the ef-
fluent would not contain more than 240 coliforms per 100
ml (3). The sewage was not settled and the effluent was
subjected to mixing in a laring blender to break up the
particulate matter before the coliform count was made, The
sanples during chloxination were slowly stirred to prevent
settling., Chlorine residuals were mecasured at the end of
the fifteen ninutes aend the samples vere dechlorinated with
a dilute sodium thiosulfate solution., Chlorine dosages of

10 to 170 ppm were used. This study showed that no prace
tical chlorine dose of 40 ppim or less existed such that the
New lampshire B~1l bathing water quality standard of 240
coliforms per 100 ml or less could be met with this type of
treatment,

The second study (3) was initiated by the staff of
the Yew Hampshire Vatcr Polluticn Comnission to determine
if a practical level of chlerination, contact time,; with

concurrent high rate

o]
¢

gitation of raw sewage existed which
would guarantce that 99 percent of the time the coliform

count in the effluent would not enceced 240 pox 100 ml, whan
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the effluent was subjected to particulate break up. The
procedures followed here were essentlally those of test one,
eﬁcept that the raw sevage was aglitated during the chlorine
contact time, and the contact time was varied. 4s a result
of this study, the authoxs concluded that 30 ppm of chlo-
rine, with a 15 minute contact time in a Waring blender was
the lowest Qalue of each parameter vhich would guarantee
that the coliform concentration of the effluent would not
exceed 240 per 100 ml. The authors also pointed out that
consideration should be given to the energy costs of the
agitation, ' |

In another study by Camp of the effect of violent
_agitation and chlorination (34), it was concluded that in=-
creased violence of mix in the chlorine contact chamber wvas
not suificient to significantly increase the rate and per-
centage of kill above what night be expected with no mixing.
In the chlorination of raw sewage, McCarthy (69) found that
increased agitation in a model chlorine econtact chamber did
not significantly ralise the percentage kill of coliform
organisms with respect to the percentage kill in gently
stirred sewage. Camp (34) concluded that no agitation is
needed except to thoroughly mix the chlorine with the scvage
and that agitation does not significantly increase the ef-
ficiency of chlorination.

The third study was initiated by the staff of the
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New Hampshire Water Pollution Cémmissioh to cdetermine if

a pzactical level of 15 minute concurrent chlorine contact
and settling time existed which would guarantee that 9©
percent of the time the effluent would have a total coli-
form count of less than 240 per 100 ml (3). As in studies
one and two, the effluent was subjected to violent breakup
of particulate matter after chlorination. The procedures
followed were essentially those of studies one and two.

The staff found that 100 percent of the time, the super-
natant of the rav sewage, subjected to 15 minute concurrent
settling and contact time at & chlorine dose of 20 ppm, con-
tained an esgstimated coliform densilty of less than 3.2 per
100 m1., In the effluent subjected to violent agitation
estimated coliform denslties of less than 6,7 and MPI's of
equal to or less than 23 per 100 ml were found 100 percent
of the time. It was concluded that of the coliforms re-
maining in suspension after the concurrent 15 minute cone-
tact and settling time, only an insignificant amount were
not killed by the chloxine due to their protectlon in the
dissolved solids.

It has been concluded that the chlorination of mix~
tures of stormwater and raw sewage effectively reduce the
bactexrial concentrations in the efflusnt. The total quantity
of storm runoff is approximately forty percent of the total

sanitary sewvage flow in the Lastern parts of the United
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States and Canada (15,34,42)., The total yearly quantity of
chlorine required to treat the overflows from combined sewers
has been estimated to be only about twenty percent gréater
than that required to treat the sanitary sewage alone,

Cost data for chlorine comtéct tanks for stormvater
overfibw& has been gathered for three cities in Massachusetts
(8). The a%erage unit cost was about $4,200 psxr acre. TFor
these cities the total cost of chlorine per person per yeaxr

vas about fifty cents. This data is presented in Table V.

Alleviation of Cverflows From Combined Sewevs by

P L

Complete Separation of Stoxm and Senitary Flows

T O Guzl

The present practice In the United States tends to
favor separate sanitary and stormwater systems for newly
developed urban areas, One of the reasons for this trend
is the need for elimination of overflows containing raw
sewage solids., A possible drawback is that often storme
water Irom densely ponulated areas contains highly ob-
Jectlonable material. Eventually, even the complete treat-
ment of the stovmwater will probably be required in the
larger metropolitan areas in order to guarantee bathing
quality standaxds for the receiving watercourse during the
recreational season., The completé separation of all existing
combined sewers was estimated to cost 27,4 billion dollars
in 1264 (8). All new constructlon supposedly incorporates

separate systems.
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TARBLE V. Cost data for Chlorine Contact Tanks for Partial
Disinfection of Combined Cverflows (8).

Total Project Cost Per Cost Per Annual Chlo-

City Cost Acre  Capita rine Cost
1 $11,500,000  $£,050 $250 $30,000
2 9,800,000 4,400 140 24,000

3 23,700,000 4,060 264 56,000
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A separate sewer system 1s desirable when the sewage
must be collected at a single point, or it must be pumpad.
Sanitary sewers must be at sufficlent depth to guarantee
basement drainage, while storm sewers may de located at a
depth which would permlt gravity £low. It is also diffi-
cult to suarantee a cleansing velocity im combined sewers
during the DWF.

The constructlon of a separrate system in the older
parts of cities has proven to be very expengive. The estie
mated cost for separation of the Distrlct of Columbia's
combined sewers was $214,000,000 or about $18,000 per acre.
In Chicago, the complete separation of sewers was esti-
mated to cost $2,250,000,000, or about $17,000 per acre
(35,42,53,59,75), In Detwoit, the estimated cost of com-
plete separation of thae existing combined system was
$235,000,000 or approxzimately $130 per capita {42,77). The
estimated cost of providing the whole city of Toronto with
a separate system of sewers was $21,500 per acre. The cost
of providing a new sanltary sewer system foir a study area
in Toronto was estimated to be $17,000 per acre {(16,42). A
combined sewer in Minneapolis was separvated into sanitary
and storm iines by the installatlon bf oval coxrrugated steel

pipve in th

®

pottonn of the existing coubined sewer. Councrete
was placad avound the sides of the coryvugated pipe to anchoxr

it and also to provide a smooth surface for the stormwater{ll).
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This system was also utilized recently in a section of
Cleveland, Chio (12). |
The District of Columbila amended its plumbing code

in 1959 requiving every new building to install separate
plumbing systems to a point beyond their property line,

This was also required of all buildiggs undergolng remodel-
ing. By the year 2000, the city hopes to haveua completely
separate system (23). A 552 acre section in southwest Washe

ington was completely separated at a cost of 81,000 dollars

(1)

per acre. In 1965 it was reporied that separate systems
had been installed in 1,150 buildings with an average cost
of 1,500 dollars per house (23).

The U. 8. Department of Health, Education aand VWele
fare estimated that the average cost per acre for separva-
tion was $12,500, and the average cost per capita was $465,
based on fifteen observations of different metropoliton
arveas. The costs varied from $1,800 to $30,000 per acre,
The higher costs were for the more dengely populated cities.
The monetory loss of individuals, businesses and conmunitiles
which would occur aé a results of the physical inconvenlence
during the construction of separate systems was not con-
sidered (8).

The high cost ¢f complete separation haz led the U. S,
Department of Health, Education and Welfare, and the Federal

Hater Pollution Control Adwministration to give grants to
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organizations to study other and hovefully cheaper ways of

combating pollution from overfiows of combined sewers (8).

Decreasing The Quantity of Combined Sewer Ovenflow

By Increasing The Interceptor Size

The problem of sizing interceptors for combined sewers
in terms of the average DWF has received considerable ate~
tention in England and the United States. The requirement
of the Ministry of Housing and Local Government in England
for combined sewers is that the sewage treatment plent must
be able to provide full treatment for flows up to three times
the DWF and sedimentation for flows between three and six
times DWEF, The interceptors are normally designed for six
times DWF with the overflow devices also set for six times
DWE (63). The'overflow setting and treatment standsrds in
England are much higher than thosge usually practiced in the
United States, due to the low consumption of water in Eng=-
land and the high yearly rainfall (42).

An interceptor capacity of 1.5 to 5 times the DWF is
a normal design in the United States. If the peak DWF occurs
simultaneously with the storinwater runoff, then the capacity
for the stormwater in the system is seriously reduced.. McKee
(70) presented an analysis of the relationship between in-
terceptor capacity and the amount of sanitacry sewage lost

through stormwatexr overilows and the frequency of overflows
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~ for Boston. His basic conclusions afe presented in Table
Vi. In oxder to obtain a fifty ?ercent reduction in the
amount of sewage lost in overfilows, it would be necessery
to provide five times the DWF capacity in the interceptor.
Even this would only reduce the average mimber of overf{lows
per month from 5.5 to &,

The HMersey River Doard in England has recently suge
gested that combined sewage overflow settings be raised
from six to elght times the DWF (67). The raising of the
overflow setting would mean that the frequency of overflows
would be reduced, the quantity discharged to the stream re-
duced, and the initial flush of the sewers would have a
better chance to be intercepted before the actual over-
flow began., The disadvantage of increasing the overilow
setting would be the additional cost of increasing the in-
terceptor slze. The work at Korthampton (50) indicated that
an increase in the overflow setting from six to elght times
the DUWF would reduce thie quantity of combilned sewage over-
flow by twenty-five percent,

A study by Banjes, et. al., was made to determine
the relative sewér costs when varying quantities are inter-
cepted (28). A base of comparison was the minimum design
capacity of the peak DHF, whilch was assumed egqual to 1.5
timeg the DWF, A 36 inch pips, n=0,013, flowing full, with

& velocity of two feel per second was assumed., Based on
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TABLE V1. Relationchip Between Intercentor Capacity And
The Amount of Combined Sewage Lost Through
Stormwater Overflows For Boston As Reported By
McKee (70).

Ratio of Int. Pexcent of Mumber of Average
Capacity to Dry Sewage Lost Overfiows Intexrval Days
YWeather Flow : Per Month
(L) (2) (3) (4)
2 2,6 5.5 5.5
3 1.9 5 6
4 1.5 4.5 6.7
5 1.2 4,0 7.5
10 0,5 3.1 9.7
20 0.2 2,1 14,3
50 0.1 0.8 37.0
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these assumptions,; the relative costs of various inter-
ceptor sizes were determined, To obtain a reduction from

two peccent of the combined sewage loss for an interceptor

capacity of two times the DIF, to one percent with an In
terceptor capacity of five times the LWF, the interceptor
costs would be nearly doubled., Benjes concluded that the
small reduction obtained by increasing the interceptor ca-
pacity by 2.5 times did not appear to justify the expendi-

ture.

Economic Analysis

The success of an economic analysis depends on the
accuracy of the unit-process data usged in the model. Eco-
nomic counsiderations should always be a very fundamental
part of any enginecring anelysis. In fact, from a practical
point of view, an engineering design without economic con-
siderations is meeningless., In order foxr economic analysis
to be meaningful, cost, efficiency, and technical considera-
tions should each be an inhevent part of the engineering
design.

Utilization of the relationship between cost and
efficiency of individual units or processes make it theovel-
ically poszible to desizn and develop the cptimal economic
plant for a given set of ceoaditions. From the economic cone-

siderations, there is only one optimum or most economical
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gsolution for avgiven sat of constraints. There are, however,
many pracitical coasiderations other than cost‘which must.
play a significant part in any decision making process.
While these enviromental and technical considerations may
outweigh the purely econonic factors, there is neverthecless
an important need to be able to ecomomlcally discriminate
between the alternatives.

Schroepfer (86) in 1939 made one of the filrst attempts
to dirvectly correlate the reléated costs and efficlencies in
the field of sanitary engineering. Schroepfer analyzed the
relationship between construction and maintenance cost of
treatment with the suspended solids and BOD removal effi-
cliencies.

The developmént of the digital computer with its
time=~saving features has encouraged more intensive study of
the relationship between costs and efficiencies in sanitary
enginecring. Basic unit costs, aside from the original
Schroepfer study, are not readily available as most recent
cost analyses in sanitary engineering have only dealt with
the overall process or system costs., Overall cost studies,
such as those of Rowan (79,80), Thoman (82), Velz (93), and
Logan (65), do satisfy the need for economic guidelines in
the choice between different waste treatment methods. The
- United States Departmant of Health, @ducation and Welfare

have issued throe publications (7,9,10) dealing with the
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costs of sewage treatment and propogsed two new cost indices
to be used in connection with the cost estimation of sewage
treatment plants and gewer conztruction.

The Department of Health, Education, and Welfare,
noting that existing cconomle indices were not significantly
applicable to sewer construction, developed a Sewage Treate-
ment Plant Construction Cost Index in 1963 (9)., This in-
dex does not reflect the cost of land, engineering, legal,
and fiscal sewxvices, but does include the following items
which axe common to sewage treatnent works:

1. cost of materials

2., cost of process equipment

3.‘construction labor cost

4, contractors equipment cost

5. overhead and profit.
The base period selected for this index was the thirty-gix
month period from January 1, 1957 through Decemﬁer 31, 1959

(9)9

A comparison of the Enginesring News Recoxd Con-

L]
%

struction Cost Index (ERR) and the Public Health Service
Sewage Treatment Plant Construction Cost Index (FHS=STP),
disclogsed that there were substantlal differences in the
two indlces, The ENR Index had increased at a rate almost
double that of the PUHS-8TP Index between 1956 and 1962,

The 1263 EINR Index was 4320, while the PHS-STP index was ounly
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310, 1t is believed that since the PHS=-STP index is baged
on‘information peculiar to the sevaze treatment plaunt con-
struction, its value is more significant for this specialized
field.

mAware that there were vast differences in quantities
of material,'men, and equipmeni required for sewer con-
struction, as compared to sewage treatment plant construce
tiong; the Public Health Sexvice Qrepared the Sewer Construce
tion Cost Index (PHS-5) in 1964 (10). The same base period
was sclected fof the PHS-S index as waes for the PHS-STP
index. The P8-S index was designed to reflect the same
parameters as was the PHS-STP index. A total of 733 sewer
projects constructed between 1956 and 1962 were studied.
The pipe size varied from 8 to 26 inches in diameter with
a combined total length of 3,456,000 iinear feet., The
Public Health Servliee suggested that for the pucpose of
estlmating the land, legal; and engineering fees, an ale
lowance of 20 percent of contract cost could be used (9).

An analysis of the cost per diameter inch per foot
of reinforced concrete pipe over a nunber of years re=-
vealéd that there was a constant price differventlial be-
tween pipes of varying dlameters. The method of least
squares was used to detewrminz the best fitting linear cuxve
of the form Y = A 4 BX; where Y is the cost per diamster

ineh pex linear foot and X is the diameter of the pipe in
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inches, The resultant equation for reinforced concrete
sewer plpe for Xansas City, Missouri, in August of 1962

was:
Y = 0,032066 + 0,021368 X (10)

The present prlce of reinforced concrete sewer pipe may be
found by comparing the FHS-S index of the area and time of
interest with the August 1962 PHS-S index of Kansas City.
Botlh FHS cost indices are published monthly for 20 areas

of influence in the United States.

General Summary

The problem of pollution caused by stormwater over=
flow of combined sewers is one which has only recently be-
gun to receive gignificant attention as a source of water
quality impalrment. Polluting discharges from combined
storm and sanitary sewers océur during wet-weather periods
when the interceptor capacity is not sufficient to carry
the abnorwmal discharge. The average cost of separation of
stormnwater and sanitary sewers is axound §13,000 per acwe
and the stormwater iLlef contains e significant amount of
pollutants,

The degree of coute Jnatlon and pollution caused by
storinrater overflow of combined sewers is often very signie-

ficant, especlally when ths discharge during the rcecreational
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season is 6nce every few days. Containing the overflow
by increasing the interceptor size does not appear eco-
nomical as a large increase‘in interceptor sizé does not
produce a substantial veduction in overflow. The use of
local storwmwater holding basinsg eppsars to offer a
feasible solution to the problem, Chlorination of the
overflow at:30 ppm was reported to attain a significant
reduction in the coliform density.

The cowplex, long range nature of the overflow
problem should be recognized as an essential consideration
in urban planning. A present concern now evident is that
the problem of stormwater éverflow will increase at a rate
greater than appronrlate corrective mezsures can be found
and applied. The work undertaken in this study is aimed
at defining reasonable alternatives in an effort to closs

this gap.



DEVELOPMERT OF THE GRAVITY SUDIMENT

SEPARATOR TREATHMERT DEVICE

e

Many naw schemes and ideas for the elimination or
~control of overflow from combined sewers have been reéently
propo§ed. Some of the picposals almed at overflow elinmina-
tion utilize underwater storage in inflatable rubber tanks,
while others advocate pumped undersround sﬁorage. The
proposed alternatives for the solution of the problem have
advocated elther physical separation of the sanitary sewage
and stoxin runoff, or slternatively have systens incorpirating
storage plus increased freatment facllities., Fhysical
separation has not heen demonstrated to be practical due to
the cost involved. Systems involving storage plus treats-
ment have either been limited by cost or effectiveness,

, One new approach to the control of the combined sewer
overflow problem is the gravity sediment separator proposed
by W. A. Parsons., This unlit would be desighed to enable
chlorination and removal of settleable solids from the overe
flow and would assist in the maintenance of water quality
standards throughout the recreationsl months,.

The gravity sediment

2]

eparater ig a unit conceived
to eeparate, principally by gravity, a concentrated gtream
conteining all the readily settleable solids, the solids
carried as a bed load; 8 significant fiaction of the slow

settling suspsnded load, aud tank skimmings foir transfer to

62
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the sewage treatment pl&nt in the interceptor. The pfo~
posed unit would also feature chlorvination of the overflow
from the combined sewer at a dose of about 350 ppm. ‘The
object of the treatment unit would be the diversidn of s
concentrated underflow of solidg to the sewvage treatment
plant'in the exlsting intewceptor, and eﬁe release of an
essentially:sediment»free bacteriologlically safe discharge
to the receiving watercourse at a reasonable overall cost,
The sediment separator is expected to maintain the esthetic
as well as the sanitary quality of the recelving stream,

The proposed unit would employ submerged longitudinal
baffles to effect a ﬁrogressively decreased turbulence from
the upper to lower strata in the unit. Physically, the
unlt may be expected to have more particle migration, as
a result of more turbulence, in the upper than in the lower
strata. Such a condition would provide a net transfer of
sediment from the upper strata to the lower strata of the
sediment separator lrrespective of gravity. This mechenism
is eupected to be particulaxrly effective at high flow rates,

The submerged longitudinal baffles should promote a
well distributed shear gredient that will promote coliisions
between suspended partlcles and ceptalize on an& tendency
for flocculation. Aggregated suspended matier is more
readily captured by the mechanism of gravity settliﬁg. The

mechanism of flocculation is expected also to be particulacriy
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effective ot high flow rates,

The gravity sediment scparatav is envisioned to have
efficient inlet and outlet structure and efficient geometiy
to enable it to provide oculstanding performance relative
to gc&v ity sedimentation, The gravity sediment sepsyatonr
would be a device cdesigned to perform efficiently as a con-
ventional gravity settling tank that in addition will ine
corporate machanisis of positive floecculation and controlled
turbulence nmigration. The unit differe from a conventiocnal
primary settling tank in that the objective is not only to
capture debris deposited on the bottom of the tank, but to

separate and transmit to the sewage tyeatment plant a

load, and suspended matter flowing adjacent to the tank
bottom. The underflow or sludge volume withdrawn from a
corwentional primery sedimertation tank is ebout 0.5 perw
cent of the inflow. The grevity sediment sspaxator 1ls en-
visioned to have an underflow of approximately 20 tiwes that
of the prinary sedimentation basin oxr 10 porcent of the fry
veather flow. A scum weiyr would also be provided to capiure
the flozting solids.

The gravity sediment separvator vo&«d be applicable
for i stallation at combinsd sewer overiflow regulators and
at overflow bypasses of sevage trsatment plants. The solidsw

.

laden underflow from the separator would be transmitted in
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the existing sewer to the sewage treatment plant. The
separator Would‘require a washdown after use and would be
kept empty during dry weather so the storage capacity would
be avaiiable for overflows caused by moderate storms,. The
envisioned gravity sedluent separator is presented in
Figuré 3. The concept of thes proposed operation of the
unit is similar to other schemes for storage treatment and
chlorination of overflows such ag the one proposed by
Greeley and Langdon (47), but differs in that the en-
visioned gravity sediment seperator would feature im~
proved sedimentation of solids and fuller utilization of

the existing sewage treatment plant.
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{ETHODS OF ARALYSIS

swccrw

The evaluation c¢f the performance, characteristics
and cost of a stormwater holding basin and of the proposed
gravity sediment separator is the primary object of this
study, The complete evaluation of eny physical system in-
cluding a description of the existing situation is pre-
requisite to satisféctory evaluation of any proposed modie
fications to the system. An existing combined sewer system
may first be mathematically modeled and described in terms
of the appropriate governing criteria. The stormwater
holding basin and the gravity sediment separator may then
be described by mathematical modele in oxder to evaluate
the performance of ecach as opposed to the original systen,
Both preventive systems may then be evaluated in terms of
the reduction of combined sewer overflow of such parawnsters
as BOD and suspended solids, In addition the annual cost
of treatment per acre including maintenance may be calculated.

The recreationzl season of May through September wes
chosen foxr this study as it represented the period of the
most crlitical pollutiomal problem as more overflows occour
during this season as opposed to the remaining portion of
the yean, The increased demand for recreational use by the
public dufing this season justifles confining the principal
study to this period.

The existing comblned sewer system wag described in

67



68

terms of ite capacity, and the avervage dry weather flow
(DWF) was expressed as a function of trilbutary avea. The
interceptor capaclty was expressed in multiples of the DWF.
The capacities studied were 2, 3, &4, 5, and 6 times the
DWF. The DWF was assumad equal to a runoif of 0.01 inches
per,héﬁr per acre of drainage basin. The size of the hy-
pothetical basin may be negated by describing all the.ap-
propriate parameters in units per acre.

The hydrologic influences and descriptions are very
important in thelr effect upon the frequency, magnitude
and duration of the combined éewer overflow. In order to
mathematically model the hydrologic influences on the systemg
the precipitation'characteristics during the recreational
season vere first descwlbed as to frequency,}intensity and
average duration. A precipitation duration ¢urve, similar
to the concept of flow duration curve and reprecentative of
the middle Hast coast, was counstructed for the recreational
seagon., A relationship between the amount of precipltation
in a storm during the recreational season and the average
duration of the storm in hours, and titled the Most Probable
Doration of a Storm; was developed as representative of the
middle East coast., From historical records of precipitation,
the average mumber of stormns expécteé during the five month
period may be ascertained. The nuanber of storme acsumed foxr
the purposs of this study was 20, 40, and 50, By the rela-

tionships which exniet between the number of storms, the
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precipitation duration cunve, and the storm duretion curve,
the average intensgity, in inches per hour, and duratlon,in
hours, of each storm may be found.

A modified form of the rational formula was utilized
to describe the amount of runoff contributable to each

-

storm. The eguation was
Q = . Coef[ Rain -~ 0.03] Area
where:

Coef = the runoff coefficient of the basin of intervest

Area the area of the drainage basin in acreg

Rain = the total amount of precipitation in the storm in

inches
0.03 = the amount of rain requlred to initiate runoff
G = the total amount of runoff contributable to tbe

storm in cuble feet, - oo,

The smount of runoff per unit time may then be found by di-
viding Q@ by the duration of the storm. The rational foxe
mula provides a rectangulay hydrograph vhich is defended
by Sarg on (88), who statee that the shape of the inflow
hydrograph has very little affect upon the discharge of a

combined sewer., The selected runoff cooff;e:cuts, con=

sidered to be rvepresertetive of urban ereas, were 0,3; 0.4,

o

3y 0.6, and 0,7, The total esmount of precipitation in
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inches foxr each storm was found from the precipitation
Guration relatlionship, For the purpose of this study,
the nunber of storms expected during the recreational
season was assumaed to have é recténgular distyibution with
respect to the percent of storms with precipitation equal
to ozr greater than eny stated amount as expregsed in the
precipitatién Curation curve,

The BOD and suspended solids concentration in the
LWF were both assumed to be 180 ppm, while the BOD and
sugspended soliés concentration in the comblned sewer over-
flow were assumed to be 180 and 800 ppm, respectively.

All flowa less than the interceptor capacity weire assumed
to be intercepted and glven full treatment et the existing
sewage treatment plant.

Utilizing the forem@ﬁtioned paraneters, each storm
was enalyzed to find fhe total runoff, the total flow in
the interceptor, the total emount of ovexflow, end the
poundes of suspended sclids end BOD overflowing. For each
get of conditions; the percent of the suspended solids and
BOD preoduced during the entirve five mouthsg in the sanitsaxy
end stormwater runoff and ovexflowing to the reaceiving
watercourse dﬁring the recreational seazon vas found,

The effect of a holding basin for the evea on the
pavemeters of Intercst was then gtudied. The size of the

holding basin was veried from 50 to 2,700 cubic feel per
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acre of drainage basin, in increments of 50 cubic fee{:°
The performance of the holding basin was analyzed with re-
‘spect to the percent reduction in overflow as compare& to
the existing combined sewer system. The holding basin was
optimized with respect to the minimum cost of goncrete in
place‘for wall and the floor slab. A maximum depth of 21.5
feet was chésen, including 1.5 feet of freeboanrd.

The cost analysis was largely based on the 1962

edition of Means, Building Construction Cost Data, (72) and

updated by considering the 'iEngineering News Record" cost
index of 850 for 1962, and 1050 foxr spring of 1267. The
thickness of the walls and slabs were assumed to be 0,75
feet. The 1962 cost per cubic yard of reinforced concrete
in place for walls and slabs was $55.00 and $27.00, re~
spectively. The 1962 cost of excavation per cubic yard

was $1.00 (72). An allowance factor of 1.2 was utilized
for the concrete and excavatlion to account for additional
work for miscellaneous items such as footings for unit and
puiip slabs., The cost of the pump and return lines was
$1500.00 (37). Engineering, land and legal fees were as-
sumed to be 20 percent of the project costs (9,10,37). Pro-
fit and overhead were assumed to represent 18 pesrcent of
the total project cost (37,48). Annual operation and main-
tenance costs were estimated to be 5 percent of the originag

project cost (37). The annual cost per acre of each holdin
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basin of a given size of interest was found based on a 30
year design period and an interest rate of 5.0 percent,
The efficiency and cost of. the gravity sediment
separator was studied to determine as many of its charac-
teristics as possible, The separator was designed in a

manner physically akin to a primary sedimentation basin with

v

a length to:width ratio of 6.0 to insure a system approxi-
mating plug flow., The depth of the separator was assumed
equal to the width, subject to a maximum depth of 20 feet,
not including 1.5 feet of freeboard, The volume per acre
of the separator was varied from 13 to 330 cubic feet. The
removal of suspended solids by the gravity sediment separa-
tor was based on conservative equations for detention time
of a primary sedimentation basin (24,43). The highest per-
cent removal attainable under this constraint was 72 per-
cent. The additional removal by the controlled turbulence,
shear gradient, and the concentrated underflow carried as
a bed load could not be taken into accoﬁnt ag these effects
have never been defined as a result of studies under field
conditions., The removal of BOD ﬁas determined from known
equations based on the overflow rate of a primary sadimen-
tation basin (24,43).

Chlorination at 30 ppm'was assumed adequate for
bactercidal purposes, based on the work cited in the litera-

ture review, The total percent removal of suspended solids
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and BOD of the potential overflow for the five month re-
creational season was found for each gravity .sediment |
separator size of interest.

A cost analysis of the gravity sediment was made.
The concrete and excavation costs were determined in the
same manner as that for the holding basin., The total
chlorinatoxr cost, including chlorinator, platform scale,
chlorine solution lines, chlorine fittings, electric con=-
trol, electric primary meter, chlorinator fittings and
valves, chlorine pump, and installation came to $4,587.00
(94). A duplex pump system with electric controls de-
signed to pump 10 percent of the DVWI, was ascertained to

be equal to:
Cost = 40X + 500,00 (37)

where X designates the quantity pumped in gallons per
minute. A 15 percent installation cost was added (37).
The cost of the sludge return lines in place was esti=~
mated to be 25 percent of the cost of the duplex pump
systenn (37). The cost of the weir was estimated at 38.50
per linear foot in place (37). The cost of én electric
flow monitor and the associated electric controls in place
wag $1,000,00 (94). The cost of a building to house the

- chlorinator and pumps was $1,000,00 (48). Electrically

controlled inlet and outlet gates were $1,000,00 (37).
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The fees for land, legal, engineering, profit and overhead
were the same as those cited for the holding basin. A
chlorine cost of 13 cents per pound was added to the 5
percent annual overhead and maintenance. The annual cost
per acre was based on a 30 year design and an effective
interést rate of 5 percent.

A computer program in Fortran IV was written to
properly analyze the efficiencies, operation, economics,
and characteristics of the systems, and is presented in
Appendix A. A flow model of the combined sewer analysis
is presented in Figure 4 and the flow model for the pro=-
posed treatment methods is presented in Figure 5. A
non-linear regression program developed by Professor
Robert C. Heterick of the Civil Engineering Department of
V. P. 1. was utilized in presenting the data. The efficiency
of the holding basin and the gravity sediment separator in
reducing the objectionable combined sewer overflow for
different values of the significant parameters were then

compared on an annual cost per acre basis,
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[SELECT AREA OF DRAINAGE PASIN |

SELECT THE NUMBER OF STORMS DURING
THE RECREATIONAL SEASON

FOR BACH STORM FILIND:

A, TOTAL RAINFALL
B, DURATION

C. INTENSITY

D, FREQUENCY

L SELECT RUKOFF GOEFFIGIERT |

ISELECT INTERCEPTOR SIZE ]

FOR EACH STORM FIND:
A. TOTAL RUNOFF¥
B, TOTAL FLOW IN INTERCEPTOR
C. TOTAL AMOUNT OF OVERFLOW
D. SS OVERFLOWING
E. BOD OVERFLOWING

FOR RECREATIONAL SEASON FIND:
A, PERCENT OF S8 OVERFLOWIRG
B. PERCENT OF BOD OVERFLOWING
C. FREQUENCY OF OVERFLOW

FIGURE 4., Computer Flow Diagram For Combined Sewer Over=-
flow Analysis.
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HOLDIﬁG BASIN

SELECT LIMIT OF OEPTH
OPTIMUM BASIN GECMETRY

FOR SELECTED CAPACITY PER ACRE FIND:
A, PERCENT REDUCTION OF OVERFLOW
B. FREQUENCY OF OVLRFLOWS
C. NUMBER OF OVERFLOYS
D, TOTAL COST OF HOLDING BASIN

BASED ON ERR COST INDEX OF 1050
E. ANNUAL COST PER ACRE INCLUDING
MAINTENANCE

GRAVITY SEDI%ENT SEPARATOR

SELECT RANGE OF WIDTHS
DEPTH = WIDTH
MAXIMUM DEPTH = 20,0 T, NOT INCLUDING FREEBOARD
FIND CAPACITY PER ACRE

FOR EACH STORM FIND:

A, DETENTION PERIOD

B. PERCENT REMOVAL OF SS
C. OVARFLOW RATE
D. PERCENT RaMOVAL OF BOD

FOR RECREATIONAL SEASON FIND:
A, TOTAL PERCENT REMOVAL OF SS
B. TOTAL PERCENT REMOVAL OF BOD
C. INTERVAL BETWEEN OVERFLOWS
D. TOTAL COST OF GRAVITY SEDIMENT
SEPARATOR BASED ON ENR COST INDEX
oF 1050
E. ANNUAL COST PER ACRE INCLUDING
MAINTENANCE ARD CHLORINE

RE 5, Computer Flow Diagram For Proposed Treatment

Methods,



RESULTS
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The presentation of the results of this study is di-
vided into five sectlouns. These subdivisions are concerned
with the extent and characterisgtics of the synthesized raine-
fall, the characteristics of the combined sewer overflow,
the effects of the proposed treatment devices, including
the holding basin and the gravity sediment separator, and

the economics of the proposad treatment methods,

Storm Characteristics of Synthetic Rainfall

L

A rainfall duration curve constructed for the five
month recreational season and representative of the Rast
coat was initially developed. From Figure 6, which in-
dicates the characteristic amounts of rainfall during the
five month racreational seagson, the expected amount of
rainfall in each storm may be found. For the purpose of
this study, 30, 40, and 50 storms were assumed to occur
during the period in question. This veprescnts an average
interval of less than four days between storms. Figure 7,
entitled The Most Probable Duration of a Stowin for a Given
Amcunt of Rainfali, was constructed to give the relatione
ship botween the total amount of rainfall in a storam and

the mest probable storm duration., From these tw

Q
¥

figures,
the total amount of vainfall, the duration, and the average

intensity cf each hypothetical storm may bz ascertained.
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FIGURE 6, Characteristic Amounts Of Rainfall During The Recreational Season,
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Given in Appendix B are the individual characteristics of
each synthetically derived storm ocecuring durlng the re-

creational seagon,.

Chagacteristics and @xtent gg Untreated Overfiow

" The percent of the total five month production of
BOD escaping untreated from a combined sewer duz to overw
flow duiing the recreational season as a function of the
coefficient of runoff and the interceptor capacity is pre-

AJ

sented in Figures 8, 9, and 10 for 30, 40, and 50 stoxms,

o

respectively. From Figure 9 for 40 stomrms, for a runoff
coefficient of 0,6 and an interceptor capacity of 3 X DWI,
it can be seen that 13 percent of the total five month pro-
duction of BOD escapes untreated to the receiving watei-
course, The portion of BOD escaping to the receiving watere
course increases with an increase in the number of storms
during the recreational season, with an inccease in runoff
coefficient, or with a decrease in the interceptor sizz.

The percent of the total five month production of
suspended solids escaping from a combined sewer due to overe
flow during the recreational season is presented in Figures
11, 12, and 13 as a function of the number of storms, the
interceptor capacity, and the runoff coefficient, for 30,
40, and 50 stoxrms, respectively. From Figure 12 for 40 storms,

for a runoff coefficient of 0.6 and an interceptor capacity
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of 3 X DWF, it may be seen that 30 percent of the total five
month production of suspended solids escapes untrested to

the receiving watercourse. The fraction of the five month
production of suapended solids overfiowing also incregses
with an Increase in the numboy of storms during the reeved-
tienaiuseason, with an increase in the runoff coefficicnt,

or with a décrease in the interceptoy capacity. A& non-linecaxr
regression model vas fitted to this date to give the percent
of suspended solids escaping during the recreational season
as o function of the runciff coefficlient, the int@réeptox

capacity, and the humber of storms. The empirical equation

developed in this manner is:

PCSS = ~60.51 + 103.59 ¥ cxnr~0¢30 x n0°10 x copgle?

R = 8021
where:s

FCSS = the percent of the total five month production of
suspended solids escaping due to overflow of the com=-
bined sewvexr

CINY

o]

the interxeeptor capacity expressed in rmultiples of
the average DWF

K = the rumbexn 6f storms expected duwing the reercaticnal
BEASON.

This model has a correlation cocfficient (R) ef 0,931, The
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correlation cosfficient is a measure of the Ygoodness of fit"

of the mcdel and is applicable within the examined ranges of

the variables,

Effect of Storage on tne Ixtent and Characterlistics

PMITS  GvARITE O MLAAlesds LT ARV

of Combined Sewer QOverflow

. The capacity of a holding basin in cubic feet per
acres required to obtain a stated reduction in the overflow
of a combined sever is a function of the interceptor capacity,
runocff CO“leCLGﬂt, and the aumber of sitorms expected during
the recreational season. Representative values of the
storags capacity required arve given in Figures 14 through
20, Figures 14, 15, and 16 show the influence of the run-
off coefficient on the storage capacity, while Figures 17,
18, and 19 show the influcnce of the interceptor capacity.
From Figure 15, for 40 storms and a fixed interceptor ca-
pacity of 4 X DWF, the storage capacity of a holding basin
ia cubic feet per acre required to effect a specified re-
duction in combined sewer overflow may be found for varying
runoff coefficients. For example 1400 cubic feet per acre
of storage will reduce the combined sewer overflov by 80
percent for an area with a runoff coefficient of 0.5. The

N

storage capacily required to obtain a stated reduction in

overflow increases with an increase in the coefficient of

runoff, or with a decrease in the interceptor capacity.
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Frem Figure 20, it can be seen that the storage capacity
of a holding basin regulred to obtain & stated reduction
in ov&zflcw ig not siganlficently affccted by the vumber

of stomms empected duéing thé gecreational season. The

non-linear prediction equation for the reqvir@d holding

basin to achleve a given reduction in the gquantity of overe

flow was found to be:

Y = 5,99 » cpa®% % cozrm0%7 x W00 x w02t
R = ,9969
vheres
Y = the percent reduction in the quantity of overflow being

discharged to the recelving watercourse without treate
ment

CPA = the capacity per acre of the holding basin in cubic
feet

the runofi coalficient

o
2
&
o
"

CINT = the interceptor capacity eupressed in multiples of
the average DWF
N = the nuumber of etorms during the reereational seaseon,
This moedel has a eorxrelation coeflficient of C.P809 within

the inveestigated ranges,.
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Effect of Gravity Sediment Separator on the Extent and

Charactaeristics of Combined Sewer Overflow

reerm

The capacity per acra>ofva sediment separator re-
quired to achleve a spacified removal of suspended sclids
from the overfiow of a combined sewer is illustrated in
Figures 21 through 25. TFigures 21, 22, and 23 illustrate
the influence of the runoff coefflcient on the reguirad
capacity psr acre., Figure 24 illustrates the influence of
the interceptor capacity on the size of the sediment
separator required, while Figure 25 illustrates the in=-
fluence of the number of storms. From Figure 22, for 40
storns, and a fixed interceptor capacity of 4 X DWF, it
can be seen that the capacity per acre of a gravity sedie-
ment separator required to oBtain a 60 percent reduction

of suspended solids overflowing from a drainage basin with

Lo

a runocff coefficient of 0.5 is 50 cubic feet. The capacltiy

per acre of the gravity sediment separator required to ob-

A

taln a stated reduction in the overflow of suspended sollds

Sl

th an increase in the

f-e

from a combined sewer increases w

o

cf
9

runoff coefficien with a decrease in the interceptor
size. ¥rom Figure 25, it can be seean that the number of
storms during the recreational season doess not hava a sige

nificant effect on the capacity of the ssparvator required

]
7]
1
Qu

to obtain a stated reduction on the overflow of suspande

-

solids, The non-linear regresszion equation for the percent
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and 40 Storms During The Recreational Season.
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reduction of suspended golids scbﬁﬁvud by the sediment

sepaxator 18

0, 0e11 0,18 0.07

Y = -83.53 4 71,62 % cea’ ' x om0 x cune0:07 x y0- 0
R = ,9979
vhere !
Y = the percent weduction in the overflow of suspended

solids achieved by the sediment separatow. This equa=
" tion is bascd on dJdats spanning a removel range of bee

tween 30 and 70 percent,

CPA = the capacity psr scve of the sedimeat separator in
cublc feet.
COEF = the runoff coefficiont.
CIET = the inicrccptoz capacity in multiples of the average
oI FONN
N = the pumber of storms expected during thoe recreastional

S2880N,

This modal hag a correlotion coacfficinet of 00,9979,

ECOﬂGﬂ?c“ as Froposed Treatment Mothods

The amnual cost per acve at an imt@r@st rate.of five
percent for a pericd of 30 years of the scdiment sepavator
and the helding Lasin ave compared in Figures 26 through 33,
From ¥Figure 30, for 40 stozms, ew interceptoz capacity of

& X DWF, and a runoff coefficient of C.5, it can be scen
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that the annual cost per eoreg including maintenance of the_
holding basin required to affect a 60 percemnt gasducticn in
the overflow is $41,00 while thé arnmual cost including
maintenance of the gravity sediment separator requlred to
achieve the sams reduction in guspended solide is $25.00,
The héléing basin 1s cheaper than the scepaxator in the
lover and upper ranges of reduction while the separator
nornally appoars to have a cost advantage in the range of

30 to 75 percent reduction. The gravity sediment separator

ote

loses its cost advantage if a suspended golids removal of
75 percent oy greater is required, In this regard it
should be noted that the sediment sepzrator efficiency ig
baced on conservative equations for the suspended solids
removal ag developed for a primary scdimentation tark., As

previously indicated better predicted removal efficiened

il
o]

may be warranted followving field testing of the proposed

treatment device. The general non linear cost equation

for the holding basin was found to be:

COST = 4,59 + 0.15 x cpa0-83

. Re= 1,000
vheres -
COST = the annmual cost per acyre at five percent for a period

of 30 yecevrs, This cost includes maintensince,

CPA = the capscity per acre in cuble feat of the holding

i1

ba s :'Lm o
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This equation has a correlation coefficient of 1.000,
The non«linear cost egquation for the sediment separa-

tor was found to bel

10038

COST = 19,22 4 0,04 X PGSSI°¢S X H X COEF1°6J

% cxnr=0e7®

R = ,006%
where:

CcosT

L]

the annual c¢ost per acre based on five percent ine

terest for a pericd of thirty ycars. This cost ine-

cludes operation and maintenance ¢osts.

PCSS = the percent of suspended solids removed by the scdie
ment separator. The remeval‘sh@uld be between 20
and 70 percent.

N = the number of storms expected during the recereaticnzl
50a80N.

COEF = the runoff cecefficlent,

CINT = the interceptor ¢apacity expressed in multiples of

‘the average DUF, |

This model hag & eorrsiation coefficlient of 0,9965,

The effeet of the 5 percent imt@rést rate and the

30 year design pericd on the avnual cost per acre for both

the gravity dediment separator and the holding basin were

investigated, A change in the intevest rate will not sige
nificantly alter the annual cost of the separsior or the

holding baesin as the enmual eost per ecre including malne
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tenance is in the range of §50. The design ?eriod has a
much gfeater effect upon the annual cost per acxe. The
annual cost per acre including maintenance will be about
10 percent less if the desigrn period ig extended to &0
years and approzimately 20 percent more if the design.

pefioé is shortened to 20 years.



DISCUSSION OF RESULTS

This investigation was conducted in order to daters
mine thé cha?acteristics of the overflow from combined
sewers and the effect, efficiency, and cost of proposed
treatuent methods or regulation dévices. These paramnaters
are of interest to the design engineer in planning tha
sewerage systems of a new urban community or in analyzing
the existing conditlons of an older system. In adequate
and outdated combined severage systems in the older downe-
town sections pose the question of the most economical
solution to the problems of overflow resulting from storm
runoff and even, perhaps, infiltration. The design en-
gineer should be fully aware of the characteristics of
the existing system and the offect of any proposed a2le
ternative solutions on the parameters of interest.

The rainfall duration and frequency graphs were
constructed to be representative of the Middle Atlantic

region of the East coast. Similar gravhs could be

@

>
[}

e

synthesized for regions which have different meteorclogical

o4
fmch

of the actual pre=-

{ie

cs. The characteristci

‘-.‘0

characterist

0
4}

1Y

cipation encountecved in any particular place in the reglion
during any particular recreational season will obviously
not be identical with those forecast by thlis procedure,

However, in the long run, the synthesized data should be

115
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representative of typical meteorologi cal patterns in the
middle Atlantic region.

The runoff coefficient of a developad area may be
estinmated in two ways. The historical approacu asgsizns each
area a reprasentative value by assuming that a fized par~
cent of all precipitation is convertasd to storm runoff after
the initial wetdown. The second approach, which may be
more applicabie to heavily developed areas, involves the
assumption that only the precipitation which falls on im-
pervious surfaces, such as roads, sidewalks, and roofs con-
tributes direétly to runoff; and thus this portion of the
total area has a runoff coefficient of 1.00 after the
initizl wetdown. The overall runoff coefficient is then
estimated by the percent of impervious area as estimated

e 4LFf there is an infiltration

&

2
-

fron an aewial ohotogwra

~ e

problem; then the runoff coefflcient should be increased
to compensate for this added source.

If the average DUF is not equal to a direct runocff
of 0,01 inches per hour, as assumed in this investigation,
the coefficient of runoff may be adjusted to negate this

to utilize the results presented herain.
For ezample; if the DWF is equal to a direct runoff of 0.02
inches per hour, thea the rcunoff coefficlent should be re-

duced by one-~half.

{te

The preciplratiocn in this investigation was aouuned
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to have a characteristically uniform intensity over the
drainage basin and in addition was considered to be con-
stant over the course of any pafticular sterm, It is felt

- .

this assumption has a insignificant effect on the validity
of the results obtainad and is rezalistic. Urban drainage
basins are usually less than 100 acres in size and con-
sequently are smaller than those usually studies by hy-
drologists, Smzller basins of this type characteristically
exhibit less varlation in iatensity and duration than a
larger bpasin. The assumption of a rectanzular hydrograpn
can be defended by the samne argument. Since the drainage
basin is relatively small, it is feasible to assume that
the peak runoff will occur more qu1c&1y and will reaain
constant as long as the whole basin is contributinz. This

3/

" characteristic will tend to make the hydrozraph rectangular

0

in shape. The effect -of the interceptor will be to flatten
the larger peak flows. This interceptor effect and the
rectangular tending hyvdrograph associated with it one most
typical of the larger urban runcffs. These heavier storas
are the most significant ian terms of the quantity of over-
flow of the combined sewer.

The characteristics of the unregulated combined éewer
overflow are very important in analyzing the existing system
and feasible alternatives. The percent of the summer’s pro=

duction of BOD escaping in the overflow as presented is
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identical with the percent of the total quantity of flow
escaping, since the coacentration of BOD in the overflow
and during DVWF is assumed to be the same., Figures8, 9,
and 10 can therefore be used to estimate the total quantity
of overflow as well as the percent of BOD escaping. The
percent of the summer's production of suspended solids es=~
caping during perlods of combined sewer overfilow is very
significant in terms of the quantity overflowinz. The
actual amount is greatly dependent on the runoff coefficisnt
and the interceptor size., The quantities of suspended
solids as presented herein ara also dependent upon the
quantity of overflow and the ratio of the suspended solids
concentration in the overflow to the concentration during
pariods of DWF. The ratio under consideration, as developed
in this work, is assuwed to be 800/180 or 4.45. The results
presented are thought to be significant for ratiocs between
4,0 and 5.0, If the ratio increases, then the percent of
suspended solids escaping will increase comasnsurately.

This assumed ratio is balieved to be representative of the

o

average situation as cited in the literature review. The

ow should be used in finding this ratio and o -
flow shoul e used in finding this ratlo and not the sus
pended golids concentration of the first fiush which
typically would be sigaificantly higher,

The holding basin approach appzars to offer a feasible
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solution under some circumstances to the problem of com~-
binad sewer ovarflow. A typlcal helding basgin will re=~
quire a large amount of land to provide the required
amount of storage. This characteristic might be a detering
factor in the more heavily developed urban’areas. The
holding basins could perhaps be located beneath public
parks, play grounds, or highways. A system of smallexn
local holding basins might offer a better alternative,
since it would often be easier to locate several small
tracts of land than one large tract. The percent reducw
tion in combined sewer overfilow obtained by the nholding
basin is dependent upon the coefficient of runoff and the
interceptor capacity, As shown in the results of thié ree
'search, the capacity required to obtain a stated reduction
in overflow is almost completely independent of the numbexr
of storms expected during the recreational season. |

The predicted officiency of the sediment separator

in the removal of the suspended solids from the overflow

as used in this study is believed to be very coaservative,
as its efficiency is bassd on the Ten State Standard re=-

moval rates for a primary sedimentation -tank: and counse

J
quently does not take into account the additional sedi-

mentation features of the gravity sediment sepacator. The
increasing slope of Figures 21 through 25, are reflections

of tne variable rewnoval rates of the primary sedimentation
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unit, It is relatively easy to removas a small fraction of
the suspended solids. Removal of increasing quantities is
progressively more difficult. As the removal rate approaches
seventy percent, the curves increase rapidly, illustrating
that it requires a proportiocnately larger settling time to
remove ore than seventy perdent. As the capacity of the
gravity sediment separator increases, it begins to act more
like a holding basin on the smaller overflows. The efficiency
.of the separator appears to be fairly iandependent of the numn-
ber o0f storms expected. The characteristics of the gravity
 sediment separator demand that field tests should be made

to more properly evaluate the efficiencies, operating charac-
teristics, and full potential of the unit,

The cost comparison on an annual basis as illustzated
in Figures 26 through 33 is very interesting. BPoth the
holding basin and the grevity sediment separator have charace
teristics which make then desireable in certain ranges of re-
moval. The range in which the separatcr is cheapest increases
‘as the coeificient of xunoff and interceptor capacity ine-
crease, Since the performance of both units was relatively
independent of the number of storms, the costs associated
with each treatment scheme will be largely independent of
this factor. The separator always tends to lose its economic

advantage at a renoval rate of about 75 percent,

The nou~linear regression equations are believed to
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be very descriptive of the data they represent, They shouid
only be applied within the ranges and limitations described

previously. These equations are presented in lieu of a cume-
bersome number of graphs. |

The interest rate doss not appear to have an ap-
preciaﬁle'effect upon the annual coat per acre of the gravity
sediment sepérator or the holding basin as the annual cost
is relatively small. The design period of either the sepa-
rator or the holding basin has an effect on the annual cost
per acre aérmight be expected.

The results of this study of the nature and charac-
teristics of combined sewer overflow yield results that have
practical implications. It is felt that either the specific
results of this study or results utilizing modificatlions of
such a technique would make the method of analysis an ac-
ceptable design procedure for large urban communities which

possess combined sewer overflow problems.



CONCLUSIONS

‘The following conclusions may be drawn from this in-

vestigation.
1. The percent of suspended solids escaping to the receiving

watercourse is more dependent on the coeificient of run-
off and the interceptor capacity than on the number of
storms during the recreational season.

The storage capacity oif a holding basin or gravity sedi=-
ment separator required to obtain a stated reduction of
overflow is more dependent on the runoff coefficient and
interceptor cépacity than on the number of storms,

The gravity sediment separator and the holding basin each
possess qualities which allow them to be the least ex-
pensive for certain removal efficlencies, but within the
range of most interest, 30 to 75 percent reduction, the
separator is the most feasible method of treatment.

The characteristics of the gravity sediment separator ine
dicate that developmental investigations should be made.
These studies would perhaps offer a rapid realization of
the potential of the process.

The cost per acre of the gravity sediment sepavator ap=-
proaches five percent of the cost of complete separation

which is estimated at approximately $13,000 pe:xr acre.

122



SUMMARY

Stormwater overflows from combined sewers constitute
one of the major sources of quality impairment of natural
watercourses In urban aveas., This pollution can rendoer the
recelving watercourse unfit for human recreatlon or shell
fish propagation for weeks at a time.

The sﬁspended solids concentration is mainly re-
sponsible for the pollution of the stream due to its high
concentration durling periocds of overflow. The'suspended
solids conéenﬁration is four to siz times greater in the
overflow of a combined sewer than in the average dry weather
flow. This increase is due to the scourlug of sludge and
grit in the interceptor as well as the suspsnded solids
carried into the interceptor by the stormwater runoif., The
effect of this dischaxge is particularly significant due to
the shock or intermittant loadiné it places oun the stiecam,
Periodic flushing of combined sewers during dry weather cone
ditlons would do much to alleviate the high concentration
of solids in overflovs.

The problem of stormwater overfiows from conmbined
severs is growing with the incireasing urbanization and water
demands in certain metropolifan aveas of the United States,
The complete separation of storm and sanitary lines s cone-
sidered to be the ultimate solution, oven though the storne

wvaeter will eventually have to be given treatment in scme

123
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localities; The average cosi of physical sepavation of
storm and sanitary lines appsars to be approximately $13,000
per acre,

An engineering eccnomic anzlysls of remedlal methods
of tfe&tment has been conducted. Attention has been given
to a system of either local holding basine or newly-con-
ceived treatment units known as gravity sediment separators.
Each of these alternatives possess qualities which axe de-

sireable. The analysis of the gravity sedinment sepavator

o

ndicates that a developmental investigation should be made,
This type of reseaxch might well demonstrate the feasibility
of the processrand lead to a rapid reallization of its po-
tential. The cost of the gravity sediment separator in-
vcluding naintenance and operating costs appears to ap-

proach five pexrcent of the cost of complete separation.
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APPENDIX. IBM 7040 COMPUTER PROGRAM IN FORTRAN IV

DIMENSICN XK(16)sY{16):X2{8)sY1{8),RAINIS0)4DUR(SC),
IXINTOS5C) s XDUF(5C) s TRNGF(50) sDHF(50) s TFLO(5C) ,CFLO{5C)
20SS{5C)sBODI5C) 3Z19),R{9) ¢ FRI5) +RBOD(5),PCRSS(50)
3DURCF(50) yCUTFL(56),8M{60),SCCST(60Y5ALPA(55,:2) 4
4R1(50)sR2(50)R2{5C)yR4(50);R5{50),RE(5C) 4RED(55,5)
5PCRBCDI(5C)sDUL(EL)

CREF RUNOFF CCEFFICIENT

i

CINT

I

INTERCEPTOR CAPACITY IN MULTIPLES OF THE DWF
Cl THRCUGH (14 = COST PARAMETERS

RAIN = TOTAL PRECIPITATICGN IN INCHES

DUR = DURATION CF THE STORM IN HBURS

N = NUMRER OF STORMS DURING RECREATICNAL SEASON
ANG = INTERVAL IN PERCENT BzTWZEN STORMS

READL Ny COEFyAREAL ENRE2 ENRET 2 CINT

READ 2,(X(Jd)sd = 1,16)

READ 25(Y(J)sJd=1516)

READ 3, (X1(J);J=1,8)

REAC 3, (Yi(J)7J=1y8)

FUR&&T(5X913,5F7;2}

FORMAT(5Xy186F4,.0)

FORMAT(5X38F4.0)

READ 65 5 £14C2:C3+84505;C6:,C7,C08,C8
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65 FCRMAT (2X49F7.2)
READ 669C10,C111C127C131C14

66 FORBEAT (2Xy5F7.2)

READ IN RENDVAL OF SUSPENDED SOLIDS
READ 424 (Z(1),1=1,7)
READ 425 (R(1);1=1,7)
42 FORVAT (5X,7F5.2)
81 B=N
NOP = ©
XNO=1C04/(2.%E)
J=0
FIND TOTAL RAIN IN STORHM(I)
DO 14 I=1,N
5 J=Jtl
8 TF(X(J)=XNO) 55€57
6 RAIN{I)= Y(J)
GO TO 4
7 RAINCII=Y (04 (Y (J=1)=Y (J)) = (X (J)=XNC) 7 (X(J)=X(J=1))
4 XNG=XNO+1CC./B
14 J=0 |

FIND DURATICN

O 9 I=1;N

12 J=J+1



13 IF(Y1(J)-RAIN(I)}12511,10
11 DUR(I)=X1(J)

60 TC 9
10 DUR(ID=(X1(J1-X1{J=1))*(RAIN(I)-Y1(J=1))
DUR(TI)=DUR(T)/(YLLJI-Y1(J~1))+X1(J=1)

-

¢ J=0

KK=C

DO 41 JJJ=2,6
M2=C

Dﬁ 21 JJJ1=347

KK=KK+1

NOP = NOP + 1
XXX=JJJ1
COEF= XXX/10.
CINT=JJJ
RATIO=CINT/COEF
DO 15 I=14N
C FIND AVERAGE INTENSITY CF STORH

XINT(I)= RAIN(I)/DUR(I)
DUL{T)=(RAIN{I)~.03)=DURCI}/RAIN(T)
IF(DUL(I)) 17,17:23

17 DUL(I)=C.C

23 XDHF{I)=(COEF=XINT{(I)+.01)/.01
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TRNCF = TOTAL RUNGOFF DUE TO RAINM (I)
TRANCF{I)=COEF={RAIN{I)~.03)xsAREA#43560./12,

IF{TRNCF(I}) 69,069,570

TRNOF(I)=C.C

DWF= AVERAGE DRY WEATHER FLCW

DUF(T)=o01%AREA*DULLTI ) #4356C. /12,

CTrLO= TOTAL FLCW® IN INTERCEPTOR = TRNOF + DUF

TFLO(I)=TRNDF(I)+ DWF(I)

OFLG = AMOUNT CF COMBINED SEWAGE OVERFLOYW
OFLO(I)=TFLO(I)-CINT=DWF(I)
IF(OFLGO(1))6T567,68

OFLO(TI)=0.0

0SS = AVMOUNT OF OVERFLUK 0S SUSPENDED SCLIDS
0SS{1)=8C0#0FLCII)#7.48%8434/10c%%5

BOD = AMOUNT CGF BOD OVERFLOHING

) BOD(I)=180.#0FLU(T)%T7.48%8,34/10.%%6

$51=0.¢C

§$S2=C.0

D3 83 I=14N

IF (TRNCF(I)) 82,83,86
$S2 = TFLC(I) - OFLO(Y) + SS2
$SS1=DUL{I)+551

CONTINUE

CSS = SS2%8L0e2T.4E%B8.34/10.%%5



138

CBCD = 180.%CSS5/80C.

IF (JJJxJJJ1-6) 106510645105

106 PRINT 160
100»FORﬁAT(1H1)
PRINT 85,.N
85 FURMA% (1CXqa4HN = 513}
PRINT 99,CCEF,CINT,RATIO
99 FORMAT(1CX,THCOEF = 3FTels5Xy THCINT = 4F7.1,5X,
18HRATIO = 4F7.1)
PRINT.lé
15 FORMATISXsOHINTENSITY 35X 8HOURATION 68X LOHTOTAL RAIN,
14X 11IHMULT OF DWF3;3X;12HTOTAL RUNOFF2X,10HTOTAL FLOW,
24X 53 L1HANT OF OVER»4X,10HLBS OF BODy4X:9HLBS OF SS»/
3TX 3 5HIN/HR 39K s SEHOURS s OXy 6HINCHES 23X 5HIN CF,9X,
45HIN CFe6X10HFLOW IN CF35Xs1 1HOVERFLOWING 3%,

S511HCOVERFLOWING /)

DO 18 I=1sN
18 PRINT 19:XINT(I)sDUR(TII¢RAIN(I)sXDWF(I)sTANCF(I),
ITFLC(I) :CFLC(I)+BOD(I),0SS5(])

19 FORMAT(Fl4.32,8F14.2)

1G5 CONTIRUE

CORR = 153.-S581/24.
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TBOD=CORR% 01 #AREAZ1 83 0% o 0435657 0 48580345240 /124
TSS=TBOD
TBOD = TBOD+CBOD
TSS = TSS+CSS
22=0.C
YY=C.
D020 I=1,N
1Z=2Z+0FLC(I)
XX=XX+BCD(I)

20 YY=YY+0SS(1)
XBOD=1CCe#XX/ (TROD+XX)

XSS=1CC.*YY/{TSS+YY)

R1(NCP)= XSS
R2{NCP) = XBOD
$S3=C.0
DO 24 I=1,4N
IF(CFLC(I)) 24524,25
25 SS83= puUll(l) + §S83
24 CONTINUE
R3(NOP)=5S3/24.
R4 (NOP)=5S83
RS (NCP)Y=5S83/5.

REINCP)=1CC#R3(NCP) /152,
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C STGRE WATER HOLDING BASIN

C CAPACITY CF TANK IN CU FT PER ACRE
M1=0
‘DD 20 I=50,2700450
Ml=N1+1
XI=1
CAP = XI#*AREA
W=ABS{(2.%C2+CAP/C1)%=0,3333)

D=CAP/twx2

c 1.5 FEET CF FREEBOARD

IF(I) 84484,48

48 IF({D-20.) 88488,87

87 D1 = 20.
W=(CAP/D1)%%0.5
D=21.5
GO TO 84

88 D=D+1.5

84 WIDTH = W

IF(JIJ=dId1-6) €3563,55

c DETERMINE COST CF HOLDING BASIN
C 25 PC P+0 + 18 PC ENGR AND LAND FEES

63 COST={{4.%C22WxCH+CixUnW)ul.2%,75/27.+CAP=1.2%C3/27,)



C

61

18
w

W
N

30
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COST = (LOST+C4)%1.33+ENRST/ENRE2
XHAIN = C5=COST/AREA
SCOST(¥M1)=COST/AREA

XI=.Ck

FIND ANNUAL COST PER ACRE INCLUDING MAINTENANCE

ACPA($1,1)=(COST#XI/(La=(1a/{1o4XI))5xL2)) /AREA

ACPA(H1,2)=ACPA(M],1)+XMAIN

DO 32 J=1,.N

IF (CAP-CFLC(J))334934,34
BUTFL(J)= GFLC(J)-CAP

GC TC 32

OUTFL(J)=0.0

CONTINUE

W=0.
DO 36 J=1,N

W=W+ CGUTFL(J)

RED = PERCEMNT REDUCTICGH IN CVERFLOH

RED(NM1,M2)=100-100.%U/71Z

CONTINUE

SEDIMENT SEPARATOR

OF CO#“BINED SEWER



o

mod
D
1=

L = LENGTE TG WIDTH RATIO
52 L=6
K =0
DO 21 1=3,23
_K=K=+1
WIDTH = 1
IF (I-12) 75,75,76
75 DEPTH = 1
XLENTH=L*1
GO 10 77
76 DEPTH = 12.
XLENTH=L#1
77 CAP= WIDTH#DEPTH%XLENTH
CPA = CAPACITY PER ACKE OF SEDIMENT SEPARATPR IN FT#%3
CPA=CAP/AREA
DWF1=.01#AREAR42560.%7.48/(60.%124)
DC 60 #=1,N
CPM=T7.48%GFLO(H)/ (DUR(M)#60.)

DET

DETENTION TIKE
DET = CAP#&60.#DURIM)/ZIOFLC(M))

ORATE = GFLO(M) 27 48%24  /IDURIFE) %HWIDTH#XLENTH)

FINC REMOVAL OF SS BASED ON DETENTION TIHE

IF(CFLC(})-CAP) T2,72573



143

PCRSS = PERCENT RENCVAL DF SUSPENDED SCLIDS
72 PCRSS{M)=1.0
PCRBOD(H) = 1.0
6O TO 53
73 J=0
47 J=J+1
IF{12C.~DET) 45,45,46
45 PCRSSI(M)=0.72
60 TO 43
46 IF(DET-Z(J+1)) 4b4s44 47T
44 PCRSS(M)I=R(JI+{R(J+1)-REINI+{DET=Z(I))/(Z(J+1)-Z(J})
43 IF(4600.~CRATE) 49,49,50
49 PCREOG(HM)=C.0
GO TC 53

5C PCRBOD(M)=-0RATE®{ .405/4600.)+0.405

53 V=K
RINT = 153°/(7.*V)
CFS=CFLO(M)/{CUR(})*60%6G,)
RPCSS=1C0.*PCRSS(M)
RPCBOD=1CC.»PCRECD ()

60 CONTIRUE

COST OF TREATMENT WITH SEDIMENT SEPARATCR



GO O

()

SCRAPER COSTS 78 CENTS PER CUBIC FOOT ﬁF CAPACiTY

WEIR CGSTS $8.5C PER LIN FODOT + 25 PERCENT INSTALLATION
DUPLEX PUMP SYSTEN vADﬁ ZO-PERCENT FOR INSTALLATION
COST CF SLUDGE LINES = 20 PERCENT CGST CF PUMP

PUFKP COST = 4C=X + $£500 WHERE X,= GPH
20 PERCENT FOR P+0 + 18 PERCENT ENGINEERING + LAND FEES

10 PERCENT EXTRA ON CONCRETE FOR ADCITIONAL STRUCTURES

CHAL=2.3C2# (DEPTH+L1. 5} (WIDTHHXLENTH)* 75%1.1
CFLOR=C1*XLENTH*WIDTH*.75*1.1

- CEX=C3%xCAP=1,2
COS=(CHAL+CFLOR+CEX)*ENROT/{ENREZR2T )
CPUMP=4C 20 #DWF1+500C,
CHEIR=(WIDTH+5.)#2.%C12
CO=COS+1.4%CPUNMF+1 . 2#0WEIR+CE5+CGHCL3+.TERTAP
COST=CC*1.38

OM{X) = 05%COST/AREA

22 SU¥F=0.0

SUKBCOD=C.C
OFLC1=C.0
SUMSS=C.0

SUM1=0.0
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DG 62 FM=1,4N

SUMBOD = SUMBGD + BOD(¥M)
OFLC1=0FLC1+0FLC{NM

SUM=SUM + PCRBOCIM}I=BUD(M)

SUMSS =SUMSS + {SS{M)

"SUM1 =SUMI +PCRSS{M)#0SS(M)

o
™

CCL = 30.%8.3427.4820FLO1%CT/10.%%8
FBOD = 100.%SUN/SUNROD
F$SS=100.%SUML/SUKSS
XI=.05
L2=30
B3 =(COST*XI/(1o—(1oe/(1o4+XI))#%L2)+CCL) /AREA
B4=B3+CN(K) |
X17=CCST-CAP* . 78%1.38
Bl =(X17= XI1/(Le=(1e/(1o+XT1))2xL2) +CCL)/AREA
B2=B1+.05%X17/AREA
B5=COST/AREA
B6=X17/AREA
IF(I-3) 27,27,26
27 PRINT 10C
PRINT 545 NyJJdsJJJi
54 FORMAT(20X,18HSEDIMENT SEPARATOR,/,20X,4HN = 513,
15X THCINT = 5I335XsTHCOEF = 3133/510Xs SEFCAP/ACRE 6Xs
25HPCRSS y X SHPCRBOD 43 5 OHCOST/ACRE ; 6 X5 4BACPA 45X

39HACPA+MAIN94X,lOHTC-SCRAPER,5X14HACPA75X79HACPA+EAIN7/)



146

28 PRINT 29,CPA,FSS,FBCDyB6yB1,B23B5:83,B4
29 FORMAT(&XyQFlZ.Z)

PUNCH lBQ,CPA,B,CINT,COEF;FSS
139 FUORMAT(5X45F12.2

QPUNCH 1403B23Bs CINTL,COEFsFSSy,CPA
140 FORMAT(4X,6F12.3)
21 CDNTI&UE

L11=.2

D 141 I=1,5

Z1=721+.1

II=0

DO 141 IX=50,27(0,50

12=1X

I11=11+1
141 PUNCH 142 $224B;CINTZ1sRED(IILI)
142 FORMAT(3X,5F12.3})

IF(N~30)1455,145,41
145 Ii=0

DO 144 I=50:2700,50

XI=1I

IT=11+1
144 PUNCH 142,ACPA{II¢2),X1
143 FORMAT(5Xs2F12.32
41 CONTINUE

PRINT 1CC
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11=0
DO 147 1=2,56
CINT =I
DO 147 J=3,7
COEF = J
COEF=COEF/10.
11=11+)
147 PUNCH 146,R1(I1),CINT,COEF,R
146 FORMAT(1X34F12.3)
N=N4+1C
IF(N-50) 81,81,82
82 STOP
END
$ENTRY
c
C 5255PLACE DATA HERE sznzzxx
C

$IBSYS

ND TOTAL
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Characteristics of 30 Separate Storms During the Recreational
(]

Season,
v~ s = s, STy . ek o S,
Storm Intenzity Duration Total Eain

No., In/Hr Hours - Inches
1 0.133 23,03 3,07
2 0,119 14,25 1.70
3 0.103 13.28 1,37
4 - 0,091 12.11 1.10
5 0.081 11.05 0.90
6 0,075 10,46 0.79
7 0,070 2.97 0,79
8 0,067 9.34 0,63
9 0,055 8,77 0.57
10 0,056 8.27 0.52
11 : 00060 7983 0.4’7
12 0,057 7.39 0,42
13 0.054 6.92 0.37
14 0.050 6.42 ’ 0.32
15 0,047 6.10 0.29
16 0,043 5.75 0,25
17 0.039 5,38 0,21
18 ‘ 0.037 5.19 0.19
19 0,034 L84 0.16
20 0,032 4,06 0.13
21 0.031 3.77 0.12
22 0,030 3,48 0.11
23 0,029 3,18 0.09
24 0,028 2,39 0.08
25 0.026 2.60 0.07
26 0.024 2,31 0.05
27 0,021 2.02 0,04
28 0.9018 1.73 0.03
29 0.013 1.44 0,02
39 0,005 1.15 0,01
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Characteristics of 40 Separate Storms During the Recr2ational

Season,..

Storm Intensity Duration Total Rain
No. - In/¥r Hours Inches
1 0.117 29,09 3.40
2 0,138 . 15.59 2,16
3 0,113 13.8¢ 1,58
4 - 0,101 13.16 1,33
5 0.092 12.24 1.13
7 0.079 10.83 0.86
8 ’ 0.074 10,38 0.77
9 0,070 10,03 0.70
10 0.068 9,58 0,66
11 0,067 9,13 0,61
12 0,065 8.70 0,56
13 0.053 8,33 0,52
14 0,061 8.00 0,49
15 0,059 7.67 0.45
16 0.057 7.33 0.42
17 0.054 6.98 0.38
18 0,051 6.60 0.34
19 0,040 6,30 0.31
20 0,047 6,05 0.28
21 0.044 5.80 0.25
22 0.041 5,52 0,22
23 0.038 5.31 0,20
24 0.035 5.17 0,19
25 0,034 4,94 0,17
26 0,033 4,35 0,14
27 0.032 3.95 0,13
23 0,031 3.73 0.12
2¢ 0.030 3.51 0.11
30 0,030 3,29 0.10
31 0,029 3.08 G.09
32 0.028 2.856 0.08
33 0,026 2.64 0,07
34 0,025 2.42 0.0%
35 0,023 2,20 0,05
36 0,021 1.98 0,04
37 0,018 1.76 0.03
38 0,015 1.55 0,02
3@ 0.010 1.33 . 0.01
40 0,004 1,11 0,00



Characteristics of 50 Separate Storms During the Recreational Season.

Storm Intensity Duration Total Rain Storm Intensity Duration Total Rain

No. in/¥r Heurs Inches No. In/Hr Hou¥rs Inches
1. 0,110 32.73 3.60 26 0,044 5,83 0.26
2 0,146 16,67 2,43 27 C.0N42 "5.6C 0.23
3 C.119 14,25 i.70 28 0.039 5.38 0.21
& 0,110 13.67 1.50 29 N,038 5.26 0.20
5 g.09¢ 13,09 1.30 30 0,036 5.15 0,1¢
5) 0,093 12,32 i1.14 31 0.034 5,00 0,17
7 0,087 11.68 1.02 32 0,033 4,53 0.15
8 0,081 11.05 0,90 33 0,032 4,06 0,13
9 0,078 10,69 0,33 34 0,032 3.88 0.12

10 0,074 10,34 N.75 35 0,031 3.71 J.12

11 0,071 10,05 0,71 36 0,030 3,53 0,11

12 0,069 2.72 0.67 37 0,030 3.36 0,10

13 0.067 ‘ 2,34 0,63 38 0,029 3,13 0.0¢

14 0. 056 2,00 0,59 39 0.028 3.01 0.0¢

15 0,064 8,66 0,56 40 0,028 2.84 0.02

16 0.083 8.36 0,53 L1 0.027 2,66 0,07

17 C.062 8.09 0.50 L2 0,025 2.49 0,06

i8 0.050 7.83 0.47 43 0,024 2.31 0,06

i9 0,058 7.57 0,44 4t 0.023 2.14 0.05

20 0,057 7.3 Q.41 45 0,021 1.96 0,04

21 G.0C55 7.02 0,28 46 0,019 1.79 0.03

22 G,052 6,72 0,35 &7 0.016 1.61 0.03

23 0,050 6,42 0,32 48 0.013 1.44 0.02

24 0,048 6,23 0,30 49 0,009 1.26 0.01

25 0.046 6,04 0,28 50 0.003 1.09 0.C0o

(£ §



The vita has been removed from
the scanned document



TREATMENT OF OVESFLOWS FROM COMBINED SEWERS
by

Newton Vaughan Colston, Jr.
ADSIRAGE

Stormwater overflows from combined sewers constitute
one of the major souscas of quality impaireent of natural
watercourses in urban areas. Thls pollution can ronder the
recciving watercourse unfit for human recreation or shell |
fish propagatiaﬁ for wesks at avtima.

The suspended solids cencentraﬁiem_is mainly ree
spénsible for the pollution ¢f the stream due to its high
concentration during perlods of overflow. The suspanded
eslids concentrvation is four to six times greater in the
overflow of a combined sewer tham in the average dry weathep
fliow. This increase is due to the scouring of 3iuage and
grit in the interceptor as well as the suspended solids
carriad into the interceptor by the stormwater runoff. The
effect of this discharge is partieul&fly significant due to
the snock or @mtagmiﬁt&nt loa&img it pleeas on the stroame.
Periodic flushlng of combined sewers duriag dry weathar cone
ditions would do much to a1£ﬂ7 ate the high concentration
of solide in ovorflows,

The prob:icm of storwvater overflovs from cowbined



sewers7is'growins with the increasisg urbanization and wvater
demands in certaln metroposiltan arcas of theAUnited States,.
The complete separation of storm anﬂ saﬁitasyylinas is con-
sidered to be the ultimate solution, even though the storue
water will eventually have to be gilven tirsatment in soma
localities. Tho averags cost of ph&@ical sopavation of
storm and sanitary lines appsars to be appéoximately $13,000
per acre. | |

An engineering economic analysis of remedial methods
of treatmont has besn conductced. Atteation haz bosa given
to a systemﬂof either local holding basins or nowlyecone
ceived tﬁaétm@at units known as gravity sedimant separaters;
Ezeh of these alternatives posssss qualitios whlch are dee
sireozble. The analysic of the gravity sedimzab saparator
indieates that a developmontal investigation suoculd be made,
This typs of research might well demonstrate the feasibiiity
of the process and lead to a rapld reallzation of its po-
teatial. Tho cost of th@‘gravity sadiment separator ine
ciuﬂimg_mainﬁenange and epzrating costs appears to ape

- proach five percent of tha cost of ecmplete separation.
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