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Research reports of the Office of Research and
‘Monitoring, Environmental Protection Agency, have
Mwwbeenwgrouped into five series. These five broad
categories were established to facilitate further
development and appllcatlon of “env1ronmental
‘“€echnology. Elimination of traditional grouping
~consciously planned to foster  technology
£ _in related

Soc1oeconomlc Env1ronmental Studies

NThls report has been ass1gned to the ENVIRONMENTAL

PROTECTION TECHNOLOGY series.  This series
; ‘describes research performed to develop and
demonstrate 1nstrumentat10n, equipment  and

gy to ‘repalr ~or prevent environmental
m t and non-point sources of
P tion. provides the new or improved
téchnology required for the control and treatment
of pollutlon sources to meet env;ronmental quality
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FORWARD

The.U.S. Environmental Protection Agency
in conjunction with the New York State
Department of Environmental Conservation
conducted three one-day seminars on the
problem of wet-weather flow pollution
abatement. Many facets of the problem
were considered including a brief over-
view of its magnitude and what the
federal government is doing to manage
and control this source of pollution.
Various management, control and treat-
ment techniques were described and the
most up-to-date information on design
and economics was presented. The audi-
jence consisted of consulting and muni-
- cipal engineers from all areas of New
York State. *

It is hoped that these seminars and this
.compilation of papers will help solve

., community problems or at least stimulate
new ideas as to how storm and combined
sewer overflow pollution abatement might
be approached.
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SECTION I

STORMFLQW POLLUTION CONTROL IN THE U. S.

by

Richard Field, Chief
| Anthony N. Tafuri, Staff Engineer
Storm & Combined Sewer Technology Branch

Edison Water Quality Research Laboratory
National Environmental Research Center - Cincinnati
Office of Research and Development
U. S. Environmental Protection Agency
Edison, New Jersey 08817




I. PREFACE

In an effort to introduce this seminar and tie the various dis-
cussions you'1ll be hearing today together, I thought it would be
appropriate to discuss the problem of stormwater discharges and
combined sewer overflows from the Federal Government's involvement.

The nation-wide significance of pollution caused by storm generated
discharges was first identified in a U.S. Public Health Service re-
port published in 1964. Congress, in recognizing this problem,
authorized funds under the FWPC Act of 1965 for the research, de-
velopment and demonstration of techniques for controlling this
source of pollution. Further authorization has been provided by
the 1972 Amendments to the Act.

Hence, the Storm and Combined Sewer Overflow Pollution Control Pro-
gram was originated and the problem of wet-weather flow poTlutibn
was classified into three categories:

1. Combined Sewer Overflows

2. Stormwater Discharges

3. Non-Sewered Runoff

To date over 116 grants and contracts totalling over $82,000,000
have been awarded , the Federal Government's share being in the

neighborhood of $40,000,000 or 47.5%.

IT. INTRODUCTION

The earliest sewers were built for the collection and disposal of
stormwaters, and for convenience emptied into the nearest water-
course. In later years, house sewage was discharged into these




" large storm drains, automatically converting them into "combined”
sewers. Subsequently, combined sewers came into widespread use
in communities because they represented a Tower investment than
the construction 6f separate storm and sanitary sewers. (Fig, 1)

When the problem of pollution caused by sanitary or dry-weather

discharges became recognized, the engineer was confronted with

how to best separate the wet from the dry-weather flows to enable

proper treatment of the sanitary sewage portion. This was over-

come by designing overflow structures at selected points in the

sewerage system, so that combined sewage flows greater than a pre-

determined multiple of mean dry—wéather flow were discharged

- directly into the receiving stream. The diversion points were

usually chosen close to the. receiving water for economy, and new

sewers were installed for intercepting and conveying the dry-

weather flows to the sewage works for treatment. ‘

These overflow or relief points may also be integral to separate A t
sanitary systems. Initially, nominal allowances were made for in- ;
filtration and with pipe age this became more of a problem. Unauth-

orized connections compounded the problem, and reliefs in the "so

called" sepa%ate sanitary system were used as an immediate and Tow

cost solution. Studies conducted for the USEPA found that .separate

'systems, with excessive infiltration and other inflows, act essent-

~ially as combined sewer systems.

II11. COMBINED SEWER OVERFLOW PROBLEMS

The basic difficulty with combined and "nominal" sanitary sewers
involves their "built-in" inefficiencies, i.e., their overflow

- points.

Untreated overflows from combined sewers, particularly during wet-
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weather, has proven to be a substantial pollution source in terms
of impact upon receiving stream water quality--even though the
percentage of sanitary sewage lost from the system by overflow is
-§ma11, that is, in the order of 3 to 5 percent.

: Po]]ut1on prob1ems stemming from combined sewer overflows are
' w1de1y distributed through the United States; the Northeast, Mid-
f west, and Far-West being the principal areas of concentration. In
- a nation-wide survey performed by the APWA it was found that there
. are over 3,000, 000 acres of combined sewer drainage area contained
in more than 1, 300 mun1c1pa11t1es with a popu]at1on of 54 million
served by some 55 000 miles of combined sewers. Of 641 jurisdictions
surveyed, - '

- 493 reported some 14,200 combined sewer overflow po1nts,

- 340 reported infiltration problems during ‘wet-weather and

- 96 indicated combiﬁed‘sewer overf1ows‘during dry-weather.

The magnitude of the overflow problem was.- exemplified by a 2-year
study conducted on a 229 acre combined sewer watershed in North-
hampton, England. This study showed that the cumu]ative year1y
biochemical oxygen demand (BOD) Toad in the comb1ned sewer over-. -
flows nearly equaled the BOD load contained in the effluent of the
Tocal secondary treatment plant.’ Suspended solids within the _f f,
overflows were three times the 1oad contributed by the treatment -
works effluent.

The re]atively poor flow characteristics of combined sewers during
dry-weather when sanitary wastes alone are carried, encourages
settling and build-up of solids in the Tines untﬁ]va surge of flow
caused by a rainstorm purges the system. Studies in Buffalo, New
York have shown that 20 to 30 percent of the annual collection of
domestic sewage solids are settled and eventually discharged during

storms. As a result, a large residual sanitary pollution.load,




over and above that normally carried is 'discharged over a relatively
short interval of time, oftentimes resu]t1ng in what is known as a
"first flush" phenomenon. This can produce shock 1oad1ngs detri-
mental to receiving water life.

Aside from the raw domestic and industrial sewage carried in the
overflow, non-sanitary urban runoff in jtself is a significant con-
tributor to the overflow pollution Toad. As the storm runoff drains
from urban land areas, it picks up accUmu1ated debris, animaT drop-
pings, eroded soil, tire and vehicular exhaust residue, air pollu-
tion fallout, heavy metals, deicing compbunds; pesticideé and PCB's,
fertilizers and other chemical additives, decayed vegetation, haz-
ardous material spills, together with many other known and unknown
poliutants. A study on a 1 067'acre‘drainage basin in Durham,

North Carolina has shown that the annual BOD contr1but1on attrib-
utable to surface wash from storms is approx1mate1y equal to that
contribution of the secondary treated sanitary effluent and the
total organic matter exhibited by chemical oxygen demand was est-
imated to exceed the amount in the raw sanitary sewage from a res-

idential area of the same size.

It is important to note that there is no apt descr1pt10n of
"typical” combined sewage or stormwater runoff character1st1cs due
to the variable nature of the rainfall-runoff patterns F1gure

2 illustrates some general concentrat1on ranges of the wastewater
constituents Tisted. The major character1st1c, i.e., qualitative
variability, is shown by these data. Quality may range from super-
strong san1tary sewage during the “f1rst flush" to very d11uted

sewage later in the storm. The compos1t1on is dependent on a
number of factors, including: 1ength of antecedent dry weathen,
local climatic conditions, cond1t1on of the sewerage system and
the nature of the drainage area.
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As mentioned, urban stormwater in itself is a significant contri-

butor to the problem since 1t picks Up a variety of known and |
unknown pollutants as it drains from urban Tand area. Figure 3
illustrates some selective data on urban stormwater characteristics.
As noted, the extremely high chlorides concentrations have been
attributed to deicing salts. Our program has done some work in
this area resulting in the following conclusions:

1.

2.

Highway salts can cause injury and damage across a wide
environmental spectrum.

Practically all highway authorities in the U.S. believe
that ice and snow must be removed quickly from roads and
highways and that "bare pavement" conditions are necessary,
often resulting in excessive salt application.

Salt storage sites are persistent and frequent sources of
ground and surface water contamination and vegetation
damage.

The special additives, e.g., chromates and cyanides, found
in road deicers provoke great concern because of their ‘
severe latent toxic properties and other potential side
effects.

A sufficient number of incidents and detailed studies have
been described to show adverse impact of deicing salts to
water supplies and receiving waters.

In Tess severe cases as salt intrusion into public water
supplies--salt free patients have been cautioned to change
their potable water source.

Deicing salts are found in high concentrations in highway
runoff. '

. Surveillance data is needed to clearly define the many in- ‘

fluences of deicing salts upon the environment.

The majority of in-depth studies support the finding that
deicing salts are a major factor in vehicular corrosion and
roadway damage. The Titerature also indicates that rust
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inhibiting additives do not produce results to Justify
their continued use. It is further noted that deicers may
attack and cause damage to telephone cables, water distri-
bution Tines and other utilities adjacent to streets and
highways.

. There is 1ittle doubt that road deicers can disturb a
healthy balance in soils, trees and other vegetation com-
prising the roadside environment.

Sewer Separation

When considering combined sewer overflow problems, first attention
is generally given to the construction of separate sanitary and
storm sewer systems. In contrast, the 1964 PHS study stipulated
that alternative solutions be investigated to determine if means
other than sewer separation could be found at lower cost.

The previously mentioned APWA study of combined sewer problems in-
dicated that if all communities with combined sewers in this country
were to effect sewer separation, they would face an expenditure of
approximately 85 billion dollars at today's cost. Of this amount
New York State's share would roughly come to $18 billion, the
highest figure for any state in the nation. It was further esti-
mated that the use of alternate measures could reduce the national
figure to about 25-30 bi11ion dollars.

It is again emphasized that urban stormwater runoff itself can be
a significant source of stream pollution. Sewer separation would
not cope with this pollution load. An EPA study revealed that if
separation were used, the reduction in wet-weather pollution would
be only 50 percent. The other 50 percent would remain in the un- °
treated urban storm runoff. ;




IV, CORRECTIVE METHODS

Program research development and demonstration projects have pro-
vided s1gn1f1cant results, and have illustrated that sewer separa-
tion in most cases is not the logical course of action. We.have
categorized three basic approaches other than separation: control,
treatment and combinations of the two.

Control

Control of combined sewer overflows can be obtained by reduction

or equalization of peak stormwate} flows, increasing the effective
capacity of the sewerage system, minimizing infiltration and by
source preQention~techniques. :

For ekisting system control, the operator can attempt to maximize
wastewater treatment at the sanitary plant during wet-weather by
trying to contain as much flow or treat as much sewage as possible
during a storm flow-occurrence. -This'wou1d serve to reduce wet-
weather by-passing which at the beginning of storm flow can have
a high pollutant concentration, as previously described. It is
recognized this extra plant burden may decrease treatment effi-
ciencies somewhat, and create added sludge or solids handling
problems; however, these practices for.only short periods during
storm flows are well worth the effort. If the operator deter-
minés that hydraulic Toading will cause a serious upset of a unit
process then primary treatment plhs disinfection should be con-
sidered as-a minimum measure,

In. Detro1t, where the prevailing direction of storms is known, ‘the
operator receives advanced information on storms from a remote1y
stationed rain gauge. The treatment plant pumping is increased,
thus Towering the surcharged 1nterceptor gradient, allowing for
greater interceptor storage capacity and conveyance. This practice
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has enabled the‘city to entirely contain and treat’mahyfintense
spot storms plus many scattered city-wide rains.

The operator should also concern himself with 1mproved regu1ator
“1nspect1on and ma1ntenance, and prevent1ve schedules to m1n1m1ze

" the occurrence of overflows. 0verf1ows dur1ng dry as we11 as wet—
weather due to ma1funct1on1ng dev1ces and c1ogged or1f1ces can
thus be alleviated. T1de gate cond1t1ons a11ow1ng backwater in-
trusion can be corrected and. d1vers1on structure sett1ngs can

be raised to obtain more 1nterceptor carry1ng capac1ty

Mun1c1pa11t1es can also contro1 comb1ned sewer overflows w1thout
large and costly mod1f1cat1ons by concern1ng themse]ves w1th in-
filtration and extraneous 1nf1ow Excess flow caused by 1nf11—
tration is a major thief of capac1ty that would otherwise be ava11—
able to transport wastewater and can thereby affect proper operation
of sewerage systems and consequent1y, the qua11ty of streams

Other adverse 1mpacts caused by 1nf11trat1on 1nc1ude (a) sur—
charging and back- f1ood1ng into streets and pr1vate areas and need
for relief sewers ahead of schedule; (b) surcharging of treatment
plants and pumping stations, causing flow by- pass1ng,_decrease

in treatment efficiency, and higher‘treatment costs; and (c) diver-

sion of raw wastewater and greater'tncidence and duration of over-
flows. The APWA has reported that infiltration was a pronounced
prob]em during dry weather in 14 percent of commun1t1es surveyed and
in 53 percent of the commun1t1es during wet weather The APWA also
indicates that other sources of extraneous inflow compound1ng the
prob]em 1nc1ude roof 1eaders, depressed manholes covers, cellar,
foundation, and yard dra1ns,Aa1r cond1t1on1ng and industrial cooling
waters; and other connect1ons

Control of infiltration should first take place during sewer pipe
installation. Better construction materials and proper installation




techniques are necessary. The new methods of sewer‘sea1ing and
Tining should be fully eva1uated before maJor rehab111tat1on or
rep]acement is undertaken.

Infiltration surveys should be undertaken when extraneous 1nf1ows
are suspected. Such surveys may use television and other visual
pipe1ine inspection, smoke tests, air and water pressure tests, and
various flow techniques. Undue deposits, partial blockages and
cave-ins causing premature surcharging and dry- and wet-weather
overflows (usually in older sewer systems) Will also be pin-
pointed for subsequent corrective action. '

“Building connections to street sewers are a majok‘eource of infil-
tration. As much as 70 to 80 perdent’of the infiltration load can
occur in these Tlines. Accord1ng1y, the aforementioned 1nf11trat1on
control pract1ces should be strictly followed here

‘Before a municipality cons1ders removing extraneous 1nf1ows, the
fo110w1ng basic factors shou1d be considered: | , ‘

1. Determ1nat10n of what a "clean" or unpo11u£ed 1nf10w rea11y
is. For instance, subsurface'drainage.may be contaminated
Teachate or contain toxie'materia1‘washed from.besemeht'
floors. ' ) 7 .

2. Sewer septicity and odor conditions that'may arise becéuSe,
of 1owered flow from the elimination of 1ong stand1ng in-
flow sources. ‘

3. Effect on the pub11c of any sudden dec1s1on to e11m1nate

~ inflow sources and the associated: problems -of enforcement.
4. The strong poséibi]ity that communities will be forced to .
© treat separate urban runoff sometime in the future .indicates
" that the reconnection of certain so- ca11ed iclean” waters
from san1tary to storm drains may be done in vain.

13




Studies have indicated that it may be cheaper to remove solids from
the street surfaces by sweeping than by eliminating them via the
sewer system. One set of figures showed that street’sweeping

costs $24 to $30/ton of solids removed as compared to $60 fok$70/
ton of solids removed via the sewerage system. What may be even
more important is that the wet-weather overflow po]]ut1ng potent1a1
of these so11ds is e11m1nated by the urban surface remova1 pract1ce.

Aside from abating the usual contaminants, a particular advantage
of effectively remov1ng the dust and dirt fractions prior to sewer
entry would come from the reduction of major amounts of the more
exotic pollutants which include heavy metals (lead, z1nc, cadm1um,
mercury, copper, chromium), pest1c1des and PCB's, and nutrients
that commonly adhere to the surfaces of so]1ds., Because of the
potential Tand and groundwater contamination, care shou1dAbe given
to the solids disposal site selection and the fate and effects of
these pollutants. At this juncture it is appropr1ate to ment1on
that greater efforts should be app11ed in the area of non-routine
stormwater constituents. Their impacts and abatement measures must
be further researched whether they be by surface "housekeeping" at
the source or treatment of the storm flow itself.

It is recommended that the newer and more promisihg'street’qiean—
ing equipment such as vacuum sweepers, air brooms‘and wet scrubbers
be further evaluated and employed as opposed to convéﬁtiona]
sweeping and flushing methods. The newer devices offer benef1ts

in p1ck1ng up the dust and dirt part1c1es rather than red1str1but1ng
them for aesthetic purposes as the convent1ona1 dev1cesﬂdo.

o
A

Certain land use, zoning, and construction site erosion contr01
practices are other ways of a11ev1at1ng the solids burden to the
receiving streams or treatment plants by surface source prevent1on

14




) C]eans1ng of catch bas1ns, sewer 11nes wet we11s and other appur-

.,ﬂtenances by f1ush1ng or dry mechan1ca1 means may reduce so11d

"1oad1ngs 1n wet weather d1scharges and a11ev1ate premature over— ’

. f]ows dur1ng dry or wet per1ods due to part1a1 or comp]ete sewer
57:' obstruct1ons But here we must we1gh the benef1ts of system
L c]ean1ng aga1nst "c1os1ng the 1oop" by the 1nsta11at1on of wet-

vaeathervf1ow contro1 and/pr‘treatment fac1}1tjes.

It is emphas1zed that before a commun1ty cons1ders the estab11sh-
.gment or cont1nuat1on of the househo]d garbage gr1nd1ng pract1ce,
”f1t must be rea]1zed that 1ncreased so11ds depos1t1on 1n both

vcomb1ned and san1tary sewer 11nes w111 occur at t1mes of Tow f]ow'

idur1ng dry weather wh1ch w111 be scoured out by the h1gh storm flow
cond1t1ons As a resu]t the overf1ows w111 create more severe
i«stream 1mpacts The Jur1sd1ct1on s plans regard1ng future overf1ow

"control and treatment w111 be an 1mportant cons1derat1on s1nce

-laga1n the "1oop" w111 be closed ‘ '

If there 1s 1nsuff1c1ent carry1ng capac1ty in the sewer 11nes,

polymer add1t1on may serve to measurab]y reduce fluid friction.

. Research has shown that po1ymer1c 1nJect1on can 1ncrease flow

'vcapac1ty as much as 2 4 t1mes at a constant head. Th1s method can

be used as a measure to correct troub1esome po]]ut1on caus1ng con-

d1t1ons such as 1oca11zed f1ood1ng and excess1ve overf]ows Pre-
:11m1nary cost compar1sons have shown th1s procedure to be feas1b1e.

Advanced éoﬁ£é51jsy§tém§

fIn th1s segment of the ta1k some of the newer and more advanced
’techno1ogy be1ng deve1oped by our Program w111 be descr1bed

15




Flow Regulation

.Several methods have been used to reduce operation problems asso-

- ciated with the conventional regulator devices. Cincinnati utilizes
‘telemetered monitoring to detect unusual or improper dry-weather
overflows. More sophisticated approaches are being applied by the
ﬁinneapo]is—St. Paul Sanitary District and the Cities of Detroit,
‘and Seattle. Al11 three jurisdictions are making use of unused
storage capacity within the existing sewerage system for the purpose

’ ;;;:‘%gf reducing the frequency and volumes of overfTows. For instance,
7 'in the period from 1969 to 1970, Minneapolis was able to reduce
overflow occurrences by 55% and the volume of overflow by 85%. The
general approach comprises remote monitoring of rainfall, flow levels,

¥

‘and sometimes quality, at selected Tocations in the network, together
with a centrally computerized control console for positive regulation
of the overflow structures. Figure 4 depicts the computer console
and strategy room in Seattle, and is a preView of what the operator
in 1980 may be contending with.

"New types of regulators such as positive control gates and in-

flated rubberized-fabric dams (Figure 5) have been demonstrated
successfully. Another unique overflow device which has been
constructed for full-scale demonstration utilizes fluidic techno]bgy;
and requires no moving parts or external power since operation is
sentirely dependent upon motion of the wastewater. Improved regulator
capability and reduced operation and maintenance costs are anticipated.
KAdditiona] improvement in regulators is now in progress.

t

Storage

-*Storage offers direct control by containing the wastewaters pro-
duced during wet-weather periods. The use of storage facilities

for controlling combined sewer overflows has been convincingly
demonstrated. The general procedure involves the return of re-

16




Figure 4. Computer console for augmented -
control system, Seattle, Washington. : .-
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tained overflows to the conventional treatment works for subsequent
treatment during low flow, dry-weather periods.

Concrete ho1d1ng tanks are the most cbmmon]y used type of storage
facility. The storm stand-by tanks at CoTumbus, Ohio, shown in
Figure 6, constructed as early as 1932 ‘were recently modernized by
installation of s]udge co11ect1on and automatic flow control equip-
ment. The C1ty of Boston has commencnd operat1on of overflow hold-
ing tanks designed to prov1de 10- m1nute sett11ng plus chlorination
for treating excess overfiows of 233 million ga]]ons per day. New
York City and M11wqukee have 51m11ar facilities in operation. The
New York City plant:has four storage tanks which have a combined
capacity of 9.7 million- ga]]ons IhterCepted storm flow is stored,
degritted, and pumped a1ong with the sTudge back to a nearby
Municipal Treatment Plant. Excess1ve overf]ows receive treatment by
 sedimentation through the tank and are chlorinated and discharged.
The objective of the facility is to reduce coliform and solids
contamination of Jamaica Bay.

Chippewa Falls, Wisconsin has constructed an asphalt-Tined basin
- providing storage for up to 3.5 million gallons of overflow.
(Figure 7) During the 1969 - 1970 evaluation period, 50 river
discharges out of 62 storm overflows were eTiminated.

Two basic problems encountered by conventionally-designed storage
facilities in urban areas are Tand cost and availability, and
adverse aesthetic 1mpacts In this regard, we are seeking new
concepts. A major demonstration in Chicago involves the .new '
concept of "deep tunnels". The cost of the Metropolitan Chicago
tunnel storage system is estimated at over one billion dollars as
contrasted to over four billion for sewer separation. Additional
benefits of tunnel (or in-sewer) storage are a result of coverage
of an expanded area or length. Thus, storage is more readily avail-
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Figure 6. Storm Stand-by tank with upper portion
of sludge collection mechanism visible, Columbus,
Ohio.

Figure 7. Asphalt-Tlined basin providing storage
for up to 3.5 MG, Chippewa‘Fa]]s, Wisconsin.
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able to remote areas, hydrographs may be smoothed or reduced for
treatment facility design because 1ntense storms. often are qu1te
localized, and overflows. greater than storage capac1ty can- be select-
jvely and automat1ca11y d1scharged to the most suitable stream 1oca- :
tions. Another subsurface storage idea. to be demonstrated in -
Lancaster, Pa., is the underground "silo". The use of a 50 foot
diameter, 100-foot deep silo could afford over 1 million ga]]ons of
storage. The preliminary des1gn is shown 1n F1gure 8

Other designs requiring. Tittle or.no urban Tand include offshore
storage and the use of natural underground formations. Two demdn-
stration projects have evaluated the use of f1ex1b1e neoprene- -coated
nylon fabric material as underwater containers, for the temporary
storage of combined sewer overfiows. Figure 9 presents a drawing
of such an installation. ‘

The engineer and operator will be interested in the s1ddge-hand1ing,

aspects of temporary storage. Two possibilities are the ne4suspension=‘ ‘
of solids by agitators and settling prior to pump-back. Re-suspension'; .
can provide easier draw-off and is being evaluated. However, if'

sludge 1s sett1ed on-site sludge disposal 1n 11eu of so11ds pumped : B )
back in stored f1ow should be. cons1dered ' ‘ S

"Design criteria should be based on the pollution abatement results
expected. For example, Milwaukee used-a mathematical model to -
determine size and projected efficiency of its holding tanks.

Wherever possible, design of full-scale facilities should consider
the total environmental impact, including aesthetics. Figure 10 is
a conceptual drawing showing an off shore site in Lake Erie at
Cleveland, Ohio

A concept worthy of note, which was successfully demonstrated in
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Figure 10. Conceptual design of combined sewage
retention-stabilization basin, Cleveland, Ohio




London, England and Decatur, I1linois, is the oonversion of existing
or abandoned sanitary treatment units, in this casevsedimentation
tanks, to storm holding faci]ities as part of a plant expansion. |
Also, plans have been proposed to use an abandoned tr1ck11ng filter
as a storage tank for stormwater infiltration.

Porous Pavement;r

Another feas1b1e method to attenuate f1ows is the 1nsta11at1on of
porous pavement This pavement 1is made of asphaltic-concrete and has
been deve]oped for an ab111ty to a]]ow 60 or more inches. per hour of
rainfall to- permeate through 1ts depth (F1gure 11);;,7" ed f

major h1ghway, street, and park1ng 1ot pav1ng proaects,‘1t wou1d have
the potential for reducing capac1ty and assoc1ated costs for both

sewer and wet-weather flow treatment systems, a feature attr1butab1e
to the porous pavement's ability to equalize flows enter1ng or divert
flows away from the sewerage system. This type of pavement install-
ation can also offer a substant1a1 benefit by recharg1ng water supplies.
Even more: 1mportant are the safety featlires wh1ch could be vealized,
i.e., an increased coefficient of fr1ct1on which will help prevent
wet skidding or. hydroplaning acc1dents, and enhanced v1s1b111ty of
pavement markings due to more rapid removaT of rainwater and rougher
surfaces. However, when porous pavement is considered, we must real-
ize that such features as geographita1 area, temperature, subsurface
soil condition, and the possibility of groundwater contamination may
play an important'part in design-and site selection.

New Sewer Systems

New types of sewer systems being demonstrated, based on vacuum and pres-
sure operation for the collection and conveyance of sanitary sewage,

can reduce the waste volume generated, reduce conduit sizes, eliminate

" infiltration, minimize associated installation and treatment costs,
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Treatment methods which have been evaluated or are currently under
1nvest1gat1on by the Storm and Combined Sewer Po11ut1on ControT Pro-
gram include: ' -

Fine-mesh screening and microscreening
.” Dissolved-air flotation
Rotating b1o1og1ca1 contactors
High-rate plastic and rock media tr1ck11ng f11ters o
High-rate, single, dual and tri-media f11trat1on
Swirl and helical separators’ ’ ‘
Advanced disinfection methods, e.g., high-rate app]ication,
on-site generation, automated operation, ozonat1on, and use
of combined ha]ogens (chlorine and 1od1ne) and ch10r1ne di-
oxide ’
8. Tube settlers
9. Powdered and granular activated cérbon adsorpfion
10. Polymer and other chemical add1t1ves for 1mproved sett11ng,
microscreening, filtration and f]otat1on
11. Chemical oxidation ' |
12. In-Tine or in-sewer treatment
13. Sludge handling and treatment
14. Regeneration of carbon and coagu1ants, and
15. Rec]amat1on and reuse.

~N oYy O BWw D
. & 5 -

Time does not allow a detailed discussion of each of theée;methods ’
Some of the more promising treatment techniques will be discussed.

Since high thrbughput rates, are necessary for combined sewer over-
flows, the sanitary treatment procésses are being studied for poss-
ible modifications. For example, the microstrainer is conventionally
designed for po]ishfng secondary sewage p]ant\eff]uént at an optimum
rate of around 10 gallons per minute per square foot. Tests on a
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‘pi1ot microscreening unit in Philadelphia, Pa. have shown'thét, at
high flux rates of 35 to 45 gpm/ftz,‘suspended solids removals in
combined overflows eXceeding 99 percent can be achieved. Mr. George
Glover will speak about this in more detail this afternoon. '

Increased flow rates greatly reduce capital costs and space require-
ments. Increased throughputs have also been obtained with other
fine-mesh screening processes, for‘example, fiberglass filtration’

- and dissolved-air flotation.

An EPA study in Cleveland showed high potential for treating com-
bined sewer overflows by contact coagu1ation and ultra high-rate
filtration. Figuke 12 depicts the process flow diagram. With the
"high loadings of 16 to 32 gpm/ft2 surface area, removal of solids
is effectively accomplished throughout the entire depth of filter
column. Test work showed suspended solids removal up to and
exceeding 90 percent and BOD removals in the range of 60 to 80 per-
cent. Substantial reductions, in the order of 30 to 80 percent of
phosphates, can also be obtained. Mr., Pat Harvey will discuss this
at length later on today. | | ' o :

Results from a 5.0 MGD screening and dissolved-air flotation demon-
stration pilot plant, in Milwaukee, indicate that greater than 70
percent removals of BOD and suspended solids are possible. Find-
ings also revealed 85 to 97 percent reduction in suspended.solids,
and better than 90 percent reduction in-phosphate can be achieved
as an additional benefit, by employing chemical coagulants. Mr.
Gupta will give his presentation on this topic this afternbbn.

A unique variation of the usual coagulation-adsorption, physical-
chemical treatment process has been demonstrated in Albany. This
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syStem; shown schematically in Figure.]S, is comprised of a 100,000
GPD trailer mounted pilot plant where both powdered carbon and coag-
u1ahfs‘are added in a static mixing-reaction pipeline, and the result-
ant coagulated matter is flocculated downstream, séparated by tube-
setfiers and po]iéhed by multi-media filtration. The project also
demonstrated regeneration of alum and activated carbon by fluidized-
bed incineration. ”

Atvthié point it is appropriate to bring out an important fact of
which future designers of storm overflow treatment facilities must be
cognizant--process efficiency should not be considered in the usual
terms of percent removal used in municipal treatment. It was found
durﬁhg the microstrainer and dissolved-air f]otation'operation*that,
due to extreme variation of the influent suspended solids concentra-
tion, removal efficiency would also vary while the more desirable

" effluent concentration remained relatively constant. For example,

"~ a typical effluent concentration of 10 mg/1 suspended solids would

© yield a reduction of 99 beréént for an influent concentration of

' 1,000 mg/1, whereas the suspended solids reduction would be only

50 percent if the 1nf1uent'cdhcentration were 20 mg/1. This pheno-
menon is apt to reoccur ih other physical-chemical stormwater treat-
ment operations. ‘ '

Another project:has studied a new biological process, described as
the rotating biological contactor consisting of a series of shaft-
mounted rotating disks. vSimi]ar in principle to trickling filtration,
a biological growth attaches onto the disks. Under steady loading
rates, efficiencies exceeding those of the trickling filter have been
attained, but a surge tank appears essential. Figures 14 and 15
give a close-up of the rotating disks and an overall view of the

pilot facility, respectively.

Another approach in overcoming the extreme variation in overflow rates
is to provide surge facilities prior to the storm treatment plant or
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Figure 14, Close-up view of rotating b%ologica]
~disks, Milwaukee, Wisconsin.

“Figure 15. Overall view of rotating = .
biological disks, Milwaukee, Wisconsin. '
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the municipal plant. The surge basin(s) (or existing combined sewers)
could furthermore serve a dual function in equalizing not only wet-
weather flows but dry-weather flows as well. In this way, a single
future treatment system can readily be designed for storm and'sanitary
flow conditions. This could also assist presently overloaded sani-
tary plants in obtaining more\uniform operation. Short-term storage
incorporated into the treatment plant would even out the daily cycle
of dry-weather flows allowing for more efficient use of the treatment
process over the entire 24 hours. Equalization would permit reduced
treatment process design capacity. Further analysis is necessary to
determine the most economical break-even point between the amount of
storage versus the treatment capacity. The designer should recognize
the wet-weather treatment plant's capability to draft stored flow con-
tinuously while it is raining in his evaluation of the optimum surge-
treatment system. '

New Orleans has demonstrated the use of sodium hypochlorite fdr dis-

infection of storm flows as high as 11,000 cfs, to both reciaim and
protect public bathing beaches. In order to economically provide the
large quantities of disinfectant required, an on-site hypochlorite
batching plant was constructed (Figure 16). Figure 17 gives a view
of the massive-size chlorine contact basin in operation.

The disinfection of combined sewage entails certain differences,

which make the design and operation of facilities difficult when com-
pared to sanitary sewage. The high1y varying qualitative and quan-
titative character of the storm generated inflows require disinfectant
dosages to be based on a predicted rather than an established tech-
nique. A decrease in temperature decreases disinfectant kill power.
This points to the importance of temperature in additon to the usual
(time and dosage) control parameters. As temperature is apt to have a
much wider range for runoff waters than it does for domestic sewage -
flows, combined sewage may require disinfectant dosage to vary season-




Figure 16. Stormwater diéinfection project -
" hypochlorite batching plant, New Orleans, Louisiana.

Figure 17. Stormwater disinfection project

chlorine
} contact basin, New Orleans, Louisiana.

-
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ally or as effected by ambient temperature.

The Storm and Combined Sewer Overflow Technology Program is also
searching for high-rate disinfection systems to save on Targe
tankage requirements for the high storm flow rates -encountered,
with the help of more rapid oxidants e.g. chlorine-dioxide, and. -
by imparting greater turbulence to the flow. Successful attempts
toward high-rate disinfection are being notfced.at.our‘Phi1ah"f
delphia, Pa. and Onondaga County, New York demonstration sites. :
The Philadelphia project also made an evaluation of ozone, gener-
ated on-site for disinfection purposes. Another study proposes .
the use of combined halogens (chlorine and iodine) to provide
more effective disinfection of viruses as well as bacteria in a -
swimming lake. This study also supports dechlorination by. acti-
vated carbon or use of ozone, with a relatively short half life,
in Tieu of chlorine to alleviate residual toxicity problems to fish
life. Mr. George Glover will presént‘more on this subject.

Combinations

When a single method is not Tikely to produce the best possible ans-
wers to a given pollution situation, various treatment and control
measures—-as‘previous]y-deSCribedQ-may be combined for maximum flex-
ibility and efficiency. One such combination might be: 9in-sewer

or off-system storage for subsequent overflow treatment in specifi-
cally designed facilities, followed by groundwater recharge or
recovery for water sports and aesthetic purposes. Another combin-
ation might be flow retention with pump or gravity feed-back to the
sanitary sewerage system.

In all cases the optimum abatement plan for stormwater overflow
pollution will have to be evaluated separately for the geographical
area in consideration. Aside from climatological conditions, terrain,
and land uses, choice of control and treatment will depend on the
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existing sewerage system configuration. For example, systems with
large contr1butory areas and few overf]ow points present problems
and require design philosophies wh1ch differ from those in systems
divided into many subdrainage areas with individual combined waste-
water outfalls.

‘Thertemporary storage concept, previously discussed as a control pro-
cess, also provides for a certain degree of treatment by settling, for -
excessive overf1ows greater than the design storage capacity dis-
charging d1rect]y to the receiving stream. Likewise, this settling
potential for flows less than design capacity, together with on-site
solids disposal usually overlooked, should be definitely considered.
The proposed prototype demonstration for Lancaster, Pennsylvahia,
previously cited and shown schematically in Figure 18, will pre-treat
by a swirl device and microstrain and disinfect discharges greater
than the storage capacity of the "silo" structure. :

Mr. Clemens, Michigan 1nsta11éd a system involving discharge of .
combined sewage overflows into a series of three "lakelets" each

- equipped with surface aerators. Effluents pass’ from one pond to the
‘next. through microstrainers and filters, and the final effluent s
. chlorinated. This;contro1 and treatment scheme is designed to have
no adverse aesthetic impacts, and the possibility of reusing these
waters for recreational purposes is beihg explored. Figure 19 shows
a schematic of the Mt. Clemens facility. ~ o -

A conceptua]'engiheering study for the Washington, D. C. area (Figure
120) has shown that it would be feasible to construct a controi-treatment
facility to handle combined sewer overfiows up to 3,000 cfs. A 175
million gallon storage facility is tentatively planned with an over-
head parking Qarage, coupled with a 50 MGD high rate filtration-
- adsorption-disinfectibn‘p1ant. This treatment cbmp]ex is intended
to produce'reé]aiméd waters sﬁitab]e'fOr swimming, boating, and fishing.
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Our Program, in conjunction with APWA, has refined and is demonstra-
ting the sw1r1 flow regu1ator/so]1ds Tiquid separator (Figure 21).
The device is.of s1mp1e annular-shaped construction requiring no
moving parts. It provides a dual function, regulating flow by a
central cihculer Weir, while simultaneously treating combined sewage
by swirl actioﬁ wﬁjch'jmparts 1iquid-solids separation. The Tow-
flow concentrate i§ diverted to the sanitary sewerage system, and
the relatively c]ear 11qu1d overf]ows the weir into a downshaft and
receives further treatment or is d1scharged to the stream. This
device is capab]e of funct1on1ng effect1ve1y over a wide range of
combined sewer overf]ow ratés having the ability to effectively: . -
separate sett]eab]e and Tight-weight organic suspended matter at a
small fraction of the detention time requ1red for conventional sedi-
mentation. For these reasons ser1ous thought is now being g1ven to
the use of swirl un1ts in ser1es and in parallel solely as wet- .
weather treatment plant systems. A helical or spiral type reguTator/
separator has -also been developed based on similar pr1nc1p1es as the
swirl device, and we ‘are looking for further refinement. Mr Richard
Su]]ivan.wi11'speak on this subject following my presentat1qn.

Flow Measurement -

The quantitative and qualitative measurement of storm overflows is
essential for process design;;centrql, and evaluation. The "urban
intelligence systems" previously mentioned require real-time data
from rapid, remote sensors in order to achieve remote control of a
sewerage network. Conventional flow meters have not been developed
for the highly-varying surges encountered in combined sewers. Here,
a measuring device may be subjected to very low flow rates, submer-
gence, reverse flow, and surcharge, all during a single rainstorm.
These severe flow conditions:ru1e out the reliable ahq'accyrate app-
_ Tication of conventional devices, such as weirs and flumes at many
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locations. Consequently, we are deeply involved in the deve1opment
and demonstration of sophisticated and new flow measuring equipment
utilizing the various pr1nc1p1es of: hot-film anemometers, concen-
~tration of induced foreign matter, ultrasound, and e1ectromagnet1cs
as applied to open channel flow.

Our Program has also contributed towards the development of a pro-

'“=1 totype monitor capable of instantaneous, in-situ measurement of sus-

‘pended solids based ‘on the optical principle of light depolarization.

USEPA Stormwater Manégément Model (SWMM)

The capabi11ty:to analyse various component flows and pollution Toads
throughout a sewerage system is one of the keys to better design of
contro] and treatment systems. Due to comp1exities of the rainfall- '
punoff-Flow phenomena past analyses have been less than adequate,
resulting in poor estimates of flow and pred1¢ted system responses to
a storm.” By virtue of previous undertakings, we now have available
an operational "descriptive" mathematical model which can overcome
former analytical deficiencies. Figure 22 depicts a schematic over-
view of the model. ' |

We are now in the initial phase of demonstrating the application of
this method for "decision-making", that is, its abf]ity to analyse a
major combined sewer systemlto select and to design control and treat-
ment approaches based on cost/effect1veness and to eventually design

a computerized means of overall management of the system dur1ng storm
flows. 'The model will be fully explained later on today by Dr. Wayne
Huber. ’ ' '

PROGRAM PROJECT NEEDS

Looking ahead, the Storm and Combined Sewer Pollution Control Program
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needs are vast and numerous. At present, we are directing our efforts
to the following: '

1.

A nat1on-w1de assessment of sewered and non- sewered stra1ght
urban runoff: 1mpacts, not comb1ned sewage - a cons1derat1on
wh1ch has been stressed by the 1972 Amendments to the FWPC .
Act. o
Dual use facilities for wet-weathen‘and dry-Weather'treat-
ment. Wet-weather facilities built in conjunction with new

or existing sanitary.plants can demonstrate their synergistic
benefit by being utilized to take over during repairs, polish-

ing secondary effluents, or increasing dry-weather treatment
capacity during the vast majority of the time, i.e., when

1t is not ra1n1ng o
Land deve1opment making full use of runoff and natural drain-

'age - aesthetically b1end1ng into the surround1ng environment

rather than upsetting it.
Wet-weather facilities for treatment of dry—weatheh creek flow,
again making full use of these. facilities during otherw1se '
downtime.

A stormwater model monitoring/management systemifor dissemin-
ation,lupdating, and instructions on model application.

A functional eva]uat1on of the need for catch basins today -
and development of new alternatives. :
Estab]1shment of uniform techn1ques fon sampling and analysis

of storm flow and for determining design volumes and flowrates.
. Further development of flow measuring devices.

Fostering a stormwater survey course at the university grad-
uate level. Storm generated pollution ranks h1gh along with
domestic and industrial sources and yet rema1ns unstressed in
the schools. With wet- weather contro] requ1rements evident,
now is the time to encourage un1vers1t1es to cover the concepts
of stormwater runoff and combined sewer overflow pollution

in proper perspective in their graduate school water pollution
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control curriculum.

10. The swirl device applied for grit removal and primary separa-
tion of solids from combined sewage, stormwater, erosion run-
off, along with the optimization of its sister device, the
helical flow regulator/solids separator.

There are also certain major control methods fequiring further. develop-
ment. ‘"Upstream" storage or other control processes to decrease the
stormwater runoff effect on lower portions of the system is one. case

in point. Aside from the main objective of controlling storm-generated
pollution, upstream control can preclude the need for additional down—;
stream sewer Tine capacity and associated construction requirements,
alleviate shock loadings due to scouring velocities, relieve the often
occurring expense of constructing facilities downstream near water-
courses in unstable spi] with high water table, while offering greater
flexibility for control and treatment. An example of this would be

the temporary storage or attenuation of stormwater at the building or
immediate area through the use of holding tanks, seepage pits (possibly
for recharge), roof tops, parks and playgrounds, backyard detention
facilities, porous pavement (previously discussed) or neighborhood
decentralized stormwater collection sumps including storage facilities
under streets. Upstream control systems should automatically regulate
"discharge from storage to the groundwater, a watercourse, or a sewer
system. Plans for reuse of stored water for irrigation, street clean-
ing, sewer flushing, aesthetic and recreational ponds, potable subp]y,
and other purposes is also encouraged. '

Many more ideas and concepts could be added - some may be more sig-

nificant than those discussed. Submission of ideas, project proposals
or grant applications to the USEPA 1is strongly encouraged.
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CONCLUSION -

A1 facts point- to-a real requirement for treating and controlling
stormwater runoff and combined sewer overflows. In view of the tre-

.+ - mendous quantities.of pollutants bypassed during rainfall. from the
: combined .sewer.system, it does not seem reasonable to debate whether

:.secondary treatment:plants should be. de51gned for 80, 85, or 90% BOD

vz - or suspended-solids removal, “when “in fact the small increments gained

- in this. range are completely. overshadowed by the bypass1ng occurr1ng
‘at regu]ators during wet-weather- flow..

The multi~billion dollar treatment plant upgrading and expansion
.program now going on throughout the country will do much to alle-
viate pollution of our waters. However, means of mitigating the -
effects of combined sewers must also-be found if we hope to abate:
the pd]1ution in an optimal manner. Wet-weather standards are al-
ready being instituted by the federal government and. some states and
localities. Recognizing this, our Program will strive to be a pr1me
support . for this ‘real world app11cat1on B ‘
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SECTION II

PREVENTION AND CONTROL OF INFILTRATION AND INFLOW

. :r ‘ by

'Riéhdrd H. Sullivan
Assistant Executive Director

Arerican Public Works Association




The American Public Works Association has had an active prbgram
of research in the field of‘storm water pollution. Its program has
investigated such fields as the pollution of storm water, the extent
of combined sewer facilities, the design, operation and maintenance
of combined sewer overflow regulators and the prevention and correc-
tion of excessive infiltration and inflow into sewers. These pro-
jects were either conducted under contract with the U. S. Federal
Governement or as cost-sharing projects jointly financed by local
public agencies and the federal government. My remarks today will
be based upon the research findings of our Foundation.

I will briefly review some of the major findings of our report,
"Prevention and Control of Infiltration and Inflow". I will also
review with you guidelines for the establishment of a survey to
determine the nature and extent of infiltration, and some of the
factors to be used in making an economic analysis of desirable
corrective actions.

In our study of the problems of combined sewer facilities it
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became evident that infiltration plays a major.role in many facil-
ities by either causing more frequent or prolonged overflow events.
“With the assistance of some 34 local agencies and the Water Quality
Office, we undertook a sfudy of the prevention and correction of
infiltration. For ease of discussion we decided to consider the
"“Two I's" of infiltration. The first "I" - infiltration - is in
the classic sense, that flow which enters the sewer through pipe
and joint defects and manhole covers, etc., and - inflow - is
surface water which is deliberately introduced ihto the system
“’through footing drains, downspouts, area-way dra1ns, and such.
Infiltration and inflow both take up capacity within the’ c011ect1on
system.. However, the two have entirely different characteristics
as to time of occurrence, and means of correction and prevention.

" If infiltration and inflow exist, why should we be concerned?
One of the most common problems associated with excessive infil-
tration or inflow is backups into basements, flooding of manholes,
treatment plant overloads, pavement and sewer failures; all are
common prob]éms. Exfiltration may result in pollution of the
groundwater table. : A '

When we look at the extent of 1nf11trat1on, we can conclude’
that all sewers are comb1ned, it is all a matter of degree Where
even minimal amounts of infiltration and inflow are present, a
regulator device of some type wﬁ]],be used on the sanitary sewer
systém to relieve the excess flow condition. Quite often this
is only a.1eader from a sanitary sewer to a storm sewer, or a
hole in the side of a sanitary sewer manhole which, under sur-
charge conditions, will allow excess flow to enter a creek or stream
bed. For such systems to be described as "sébarate" is ironic,
inasmuch as its volume of non-sanitary flow may reach 40 to 1, as
contrasted to the strict combined system where this could be 90
to 100 to 1. | ' |




Correction of infi1trat16h ﬁrob1ems canibeAcategorized under
the dual headings of prevention of infiltration and inflow in new
systems and the correction of existing conditions.

With regard to new construction; tremendous advances haye been
made in pipe and joint materials. Contractors and pipe suppliers
whe worked with the APWA in the preparation of-the report‘were
agreed that a construction standard of 200 gallons per inch-mile
per day was reasonable and could be met without additional cost to
the Tocal agency. In practice we found that .consulting engineers
had, in effect, an extremely wide array of construction standards
which they regularly cite for new construction. There was.Tittle
agreement as far as to the unit of measure or how the standard
would be applied. In this regard I think:itfiS’impbrtant toremember
the effects of a low standard for gallons per inch-per mile applied
to lengths of 200, 300 and 500 feet. Allowable infiltration may be.
almost impossible to measure. Specificationsrusing Tow infiltration
rates should spell out how compliance is to be measured. For example:
200 gallons per inch per mile per day a]]ows 4.4 ga11ons in an 8-inch
pipe an hour between manholes 350 feet apart.

The detection of infiltration is a time consuming and generally
expensive process. I am not aware of any short cuts to the prepar-
ation of a comprehensive survey. Our report contains.an outline of
a ten-point program as developed by the American Pipe Services Co.
of Minneapolis, Minnesota. . For purposes of our discussion today I
have expanded this to twelve points, and would Tike to consider ..
these steps briefly with you.

The steps involved in a complete infi]tration-inf]owwahalysjs
include: | S . . S
1. SET OBJECTIVES: detemine what is the apparent problem,

4n what condition is the sewer system, is there an adequate




" maintenance ‘program, howAcan‘sources of infiltration/
inflow be determined, and at what cost.
2. IDENTIFY 'SYSTEM: ' prepare pIot plan of entire system,
identifying component dra1nage systems and key manholes
~ within the- system ’ .
3:. IDENTIFY: SCOPE"OF INFILTRATION: make flow measurement,
install ground’ water gauges in manho]es, and- meter flows
¢ lat Tift-pumps. ’ S o - '
*14; 'RAINFALL SIMULATION: fTlood the storm sewer and determine
B | i fTow enters’ the sanitary system - use when infiltration/
Y infTow. problems are identified as rain-connected.
4~5; ‘DETERMINE EXTENT ‘OF ‘SEWER CLEANING NEEDED: a TV camera is
© " not effective unless a sewer Tine is very clean.
v 6. MAKE“AN ECONOMIC & FEASIBILITY STUDY to determine which
Ly “‘portions of the system w111 be c1eaned and phys1ca11y
.+ -inspected. . ' ' '
7. CLEAN SEWERS:‘to be inspected.
:;‘ MAKE TELEVISION: INSPECTION.
9. DETERMINE EXTENT & LOCATION OF .INFLOW.
10. MAKE ECONOMIC ANALYSIS: ~where should rehab1]1tat1on or
. replacement work be conducted
11. RESTORE ‘AND REPAIR SYSTEM. o -
'12.  ESTABLISH TREATMENT PLANT DESIGN CRITERIA on bas1s of
- yveduced’ flows. ‘

One of the important points that must be stressed again and
again is that if we are going to Took for-infiltration we must
19dk‘when it logically will be present. .Thus, the use of ground-
water gauges to determine whether or not the individual pipe sec-
tions are below the'grOUndwater table is a necessity. -Second, the
sewer lines must be clean if they are to be inspected. By clean,
I'mean that & full gauge tool must be passed through the 1ine. This
‘is“generally more than:the normal-cleaning procedure of most agen-
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cies. The cleaning procedure will be expensive and time consuming.
Therefore, careful analysis must be made as to the capability of.
the agency to clean sewers and this must be attached with the plan-
ned progress of the survey. Cleaning may be a deciding factor in
determining how much of a system may be actually investigated. It

may be necessary to contract for cleaning.

Properly timed television inspection in-a well-cleaned sewer.
is extremely helpful in analyzing the location and amount of infil-
tration waters entering the sewer line. Data obtained will include
an indication as to locations of many sources of inflow and build-
ing sewer infiltration. The latter, building sewer infiltration, is
a hard problem to approach, inasmuch as it is very difficult to
gain acceés to that portion of the sewer system. A rough analysis
of a community's total sewer system may indicate as much as half
of the total sewer system is building sewers. Should the ground-
water table be high, and the building sewers under the groundwater
table, a substantial portion of the total load may come from this
portion of the sewer system. Again, such lines if they are shallow
may be an important source of infiltration and inflow during periods
of precipitation. One community which experienced severe overload-
ing and basement backups during periods of rainfall found that roof
leaders discharged adjacent to a building allowed aﬁmost a direct
connection of the water from the roof into the building sewer.

This community required that roof leaders be discharged five feet
from the foundation, and the problem was corrected. In other
communities official practice may have allowed foundations drains
to be connected to the sanitary sewer. This again leads to a tre-
mendous increase in the flow. In a like manner, sump pumps, if
allowed to discharge into the sewer system, quickly cause over-
Toading. Yet another source of inflow water is from manholes.
There are many conflicting opinfons, however, with regard to using
watertight covers on manholes because of the bui]dup of gas within




the system. - However, if the manhole is to be Tocated in an area
where storm water may enter thejsystem, many communities have gone
to watertight covers or have added plugs to the openings to keep
storm water out.

Detection of the location of inflow is perhaps the easiest
part of the battle. The real test is to attempt to change or
correct the conditions within private property. Residents of
built-up areas wi@hout storm drains in many areas are loathe to
have sump pumps discharge onto lawn areas. In fact, in ‘many areas
“there may not be sufficient Tawn area to take the flow. In Tike
manner, foundation drains must have a location and a way .of carrying
off the flow or there will be backup ihto the basement. To reduce
erosion, roof Jeaders may be discharged into the sanitary sewer.

- The APWA report has recommended that agencies prior to fund-
ing reconstruction of paralleling of their interceptor sewer or
relief sewer and construction or additional treatment facilities,
make a thorough iﬂfi]tration study to determine the amount of flow
which might be eliminated by correction of inflow conditions or
improvements of the sewer line to eliminate infiltration.

From a dollars and cents point of view, this seems appropriate.
From a standpdint of controlling pollution, we are geneﬁa]]y further
ahead in eliminating pollution if we clean up the source rather than
if we build additional facilities and then have continuing opera-
tional cost. - '

For this reason, in our Manual of Practice, we attempted to
develop an outline of an economic analysis in order that the cost of -
infiltration and inflow waters might be determined and so that an
agency could determine how much it could afford to spend for the
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control of infiltration and inflow. Very few examples were found
where such an economic evaluation had been made. While many of the
tools that are available at this time are not exact, because of
lack of adequate record systems by local agencies, we must have the
economic justification of our pollution contrcl activities.
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SECTION III

COMBINED SEWER OVERFLOW REGULATOR FACILITIES

by
Richard H. Sullivan

Assistant Executive Director

American Public Works Association
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There is a broad cross-sectional interest in the proper
design and operation of combined sewer overflow regulators.
Consulting engineers - -general design of facilities; pollution
control personnel - monitoring facilities to determine the -
nature and extent of the pollutional load to receiving waters;
industrial representatives - to design and build the actual
regulator; and local governmental officials - to bridge between
these three groups and to pay for the facilities. Payment is very
important inasmuch as for this portion of the pollution control
program, federal and state aid is not genera11y available to
assist local government in financing the construction and recon-
struction of facilities that will lead to a reduction of this
source of the pollutional load. Lack of such aid is somewhat
unique and, undoubtedly, is directly responsible for the fact
that relatively little work has been accomplished at the local
Tevel to implement the types of pollution control programs which
have been advocated and demonstrated by the Water Quality Office
in the field of storm and combined sewers. Construction grant
funds from EPA have been available for only a handful of facilities,
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where essentia]]yAprimary treatment will be accomplished.

It is appropr1ate to consider the "off1c1a] policy” re-
gard1ng combined sewers For many years it appeared that the
official policy of the federal government was that combjned
sewers would be separated. In 1967 the APWA completed its report
on the extent of combined sewer facilities with a cost estimate
of $48 billion in 1967 dollars to separating systems involving
some 36 million persons. It appears that generally the'Washington
officials are now convinced that separation alone is not the
solution, though the word has not necessarily been reached, or
been adopted by the regional offices, as we still see results of
conferences which will require separation of combined sewers on a
" wholesale basis. Other federal agencies such as DOT and HUD have

also geared their programs to further the separation of combined
sewérs. This becomes particularly ironic as the extent of storm-
water pollution becomes evident and in some areas we begin to talk
or require treatment facilities for stormwater. A great deal of |
lreth1nk1ng appears warranted at this time before actually estab1—
ishing a national policy. From the work that the APWA has accom-
plished, it has been shown that storm waters are polluted whether
or not they are carried in separate or combined sewers and that

to meet receiving water quality standards, treatment or control
facilities may be necessary. '

Consulting engineers and Tocal government officials in consid-
"ering the combined sewer overflow regulator facility prob]ems
should begin by defining their'needs, particularly in measurable
terms. For instance, a general need is to either reduce or elim-
inate pollution from‘combined sewer overflows. The need might be .
based upon a requirement to improve receiving water quality, to
improve the value of Tland adjacent to the overflow, to improve or
make possible operation of treatment or control facilities, or to




improve operation of the treatmeht‘p1ant. The need, then must
be defined in terms of how much or the extent of actual improve-
ment required Means must be available to determ1ne whether or
not the desired goal has been achieved. ‘

If our desire is to reduce‘po11ution, we should determine
whether or not the economical solution is to reduce flow in the
combined sewer by a system of surface storage, in-system storage
or treatment of the overflow. The type and size of the regu1ator
will vary considerably depending upon the nature of the treatment
or control device. ' o | |

Criteria for the operation of the regulator traditionally has
been to limit flow to the interceptor. I would 1ike for ybu to
consider, however, the concept of the Two Q's, control of quality
and quantity of the overflow. Regulators can be classified as
either static ordenamic. If they are‘static, they perforh in a
determined manner, and are unresponsive to changes in control levels
in the interceptor or changes in the quaTity of the sewageﬂ Dynamic
regulators, on the other hand, can be designed to be respdnsive to
a variety of flow conditions and Flow characteristics. The reg-
ulator must be responsive tc flow both in the interceptor and
collector sewer, the max1mum pollutional load should be diverted
to the interceptor sewer, there should be no dry weather overflows,
there should be Tow maintenance cost; and a Tow initial cost is
desirable. Operation of the regulator must be respons1Ve to
changing conditions. Quality of overflow may be improved by
screening, use of secondary motion, or the mode of operat1on.

Choice of the individual regulating dev1ce to be used will be influ-
enced by space required, availability of access, outf]ow cond1t1ons,
head-1oss within the regu]ator, and exterior power requ1rements

A11 must be evaluated and considered.
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The major findings and recommendatidns of the APWA study‘were:

Efforts should be made by Tocal jUrisdiétions torconSOTidate
minor overflow points into fewer locations, in which the
1nsta11ation and maintenance of sophiéticated regulator |
devices and controls will be economically and physically
justified. |

"Total systems"'management of sewer system‘negu]atdreoVerf1ow
facilities should be instituted wherever this procedure can be
shown to be feasible and economical. This will involve the
use of dynamic-type regulator devices and the épp]ication of
instrumentation and automatic-automation control methods
which will be expedited by a reduction in the number of over-
;f1ow points. :

Dynamic-type regulators should be used wherever possib1e and
feasible for "traffic control” of ¢omb1ned sewer flows. This
cou1d“shunt surcharges of.portﬁons of suchva system into sec-
tions of sewers which are not simultaneously so affected. This
approach could be enhanced by the monitoring of précipitation
and sewer flows thrbugh an adequate network of stati@ns, in
communibation'with a central control point from whence flow
ﬂrouting decisions can emanate.

The type of regulator used should be determined on the baéis
of its performance and potential reduction in overflow pol-
- Tutional effects. ’ v

Maintenance schedules and budgetary appropriations should be
planned on the basis of the specific needé of static, dynamic
and fnstrumented units in service. Each type of regulétor
should be given the attention it requires to achieve maximum
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performance.

Regulator facilities should be situated in accessible locations,
provided with safe and dependable access facilities, be free of
other safety hazards, have adequate space for necessary mainte-
nance work and, when possible, be accessible from locations
other than the street or highway right-of-way.

Maintenance crews should be ‘adequately staffed and crews should
be provided with all necessary service equipment and tools for
“their work and for their protection. In-service training should
be provided and prevent1ve maintenance schedu]es should be estab—
lished. Records of maintenance work must be accurate and com—
plete in order to assess properly the effectiveness of regu]ator
operations and to allocate budget costs for each spec1f1c main-
tenance and operation procedure

Specifications must require the use of the most servicable ‘
corrosion-resistant and moisture and explosion-proof materia]s
in the fabrication and installation of regulator devices and
control facilities. The number of movable parts and appur-
tenances should be reduced as much as possible, commensurate
with efforts to provide greater sophistication of regulator
facilities. o

Where possible, tide gates shou1d be located in adequate éham—
bers. In cases where system control of regu1ator-overf1ow

networks is provided by automatic-automated means, the prox-
imity of tide gates with regulator chambers will facilitate
the tie-in of backwater control with overflow control. State
and provincial water pollution control agencies should incr¥w
ease their regulatory control of this source of pollution and
provide standard requirements and the engineering personnel




necessary for enforcing the control of overflows from combined

- sewer systems. Further, such agencies must recognize the fact
that ex1st1ng combined sewer systems must be upgraded 1f pol-
Tution 1eve15 are to be reduced

Efforts shoUId be made to design regulators to minimize‘cdog—

ging and consequent pollutional overflows. Where clogging is
_ inevitable, maintenance schedules should be adapted to correct
~ this condition as expeditiously as possible. |

As 1nd1cated, interest by various states in regulators and
overf1ow po11ut1ona1 prob1ems vary cons1derab1y Few states have a
‘staff know]edgeab]e enough to give much guidance to local officials
or to even rev1ew plans. Many states appear to want to believe
that if they do not get too concerned about the prob]em, 1t will
go away. Many seem to be taking the textbook advice that comb1ned
sewers are a thing of the past. Inasmuch as over 30 million people
are directTy served by combined sewers with some.18,000 overflow
points, I‘doubt that this represents much more than wishful thinking.

At the c1ose of the research prOJect the APWA deve]oped a
Manua1 of Pract1ce There is a great deal of heretofore unpublished
work in 1it, which represents good practice in the field. Certainly
you -and the pub11c agency which you serve should review the Manual
for information regard1ng requ1rements for the design, operation
and ma1ntenance of fac111t1es, as well as a descr1pt1on of some
of the newer types of regu1at1ng devices. Many of you will have a
very difficult time conv1nc1ng an agency that they should pay more
than the $2, 000 to $4,000 cost of a static regu]ator device. How-
ever,‘1f po]]ut1on is to be reduced, time and money spent on the
design and construction of adequate regu1ator facilities w111 do
much to enhance the 1oca1 program
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SECTION IV

PRESSURE SEWERS

. by

. Italo G. Carcich
" Senior Sanitary Engineer
New York State Dept. of Environmental Conservation
Environmental Quality Research Unit
A1bany, New’ York




Introduction

The pressure sewer concept has been éround for a number of years.
When referring to pressure sewers, we are dealing with a wastewater collection
system that utilizes a newly developed Grinder Pump Unit and small diameter
plastic or metallic piping systems. It i1s by no means intended to replace
gravity sewers but only to supplement the wastewater collection system.

With financial assistahce from both the State and Federal gévernments;
a 13 month study was completed in Albany, New York for the purpose of evaluating
the functional specifications of the GP Units and to gain first hand operating
experience on the mechanical performance, use pattern, operating cost, main-
tenance requirements, etc. on these units. The final report is available from
the U. S. Government Printing Office(l). A full description of the installations, .
the monitoring equipment, the piping system, etc. was published previously(z).

Therefore, it is not necessary to go into a detailed déscription of
the installation, with the exception of stating that the pressure sewer system
was very simple in design. The wastewater was diverted to the Grinder Pump
Unit's tank from which point it was discharged by means of a 1" plasfic pipe
pressure lateral to an outside 13" to 3" plastic pressure main. The pressure
main at a 4 foot depth received the macerated wastewater from all 12 houses

and simply discharged it into a gravity system within the city of Albany (Figure 1).

Grinder-Pump Units

The GP Unit consists of the following mechanical components (Figure 2):
(a) Grinder, placed in an inverted position and operating at 1725 ppm with fhe
capability of handling foreign objects without jamming; (b) Pump, positive dis-

placement, progressing cavity type with an almost vertical H-Q curve and proven
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FIGURE 2
CROSS SECTION OF GP WITH LOCATION -OF
LEVEL AND OVERFLOW RECORDING FLOATS
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solids handling abilitys (c) Motor, l.0~horsepower, operating at 1725 RPM,
capacitor start, hlgh torque, squirrel cage 1nduct10n motor w1th a. built-in
thermal overload protector, (d) Check Valve, sw1ng check type w1th passageways
smooth and free from roughnese,and obstruotions, and‘a unique flexible hinge
of small section without mechanical pins, riVets, screws,;eto; (e) Controls,
an inverted diving belllsystem to-turn the motor onrand off.

A 1z inch disoharge'pipe‘Was selected’as*theroptimum size(s) capable

of not only handling the macerated wastewater without clogging but also

minimizing the frictional head losses {(Figure 3).

Results .

Thirty nine out of the 44 recordedzmalfunctiohs;were contributed by

the PrototfpeaGP Qnits. Nine of these Prototype units were replaced by

Modified GP Units (Figure 4) after only 6 months because of the large number

of malfunctioos; The newer units performed satisfactorily for the remeining of
the project. Loss of prlme by pump and grease clogglng of the 1" openlng

within the bell-shaped pressure sensing tube was the major cause of the mal-
functions experlenced by the Prototype Unlts. Corrective modlflcatlons were
incorporated in the manufacturlng of the modified GP Units w1th considerable im-
provements in the dally operatlon.

One of the prlmary 1nterests of this project was to extensively test
the rellablllty of the mechanlcal components in an actual fleld installation.
Pre~installation testing and post- 1nstallatlon testlng (Table l) was performed
in order to determlne marked deterioration if any,in:the phy51cal structure and
performance of the GP Upit's components. .

whuch

In &ddition to the 6282?operationsAocourred duriﬁg the so=called
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de—ougging period,‘a total of 73,458 GP Units operations were recorded during
the remainder of the démonstration project (Table 2) |
Even though the operatlng cycle varied greatly for the prototype

‘units, the modlfled units operated on a cycle between 57 and 74 seconds (Figure 5),
with the average operating time 5%.1135 minutes:to”27.5¢minutes;per day. Further-
more, based on the occupancy rate of 75 persons for the 12 town houses, a value
of 2.6 operating cycles per capita per day was calculated for this particular
single family re31dent1al development. |

| The documentation of thegoperatlno cost was of prime interest, since
it was essential‘to:uerify the theoreticalvcost value of $2.l2/year for a

family of 5(324)

. Two watt-hour meters were installed tovregister‘only the
total power consumption of two individuaerP Units. Baeed on the monthly oper-
ating’time, proportional'monthly power coneumption values of‘lO.? and 5.3 KW
were calculated. Applying an average incremental power consuwption rate of
2.3¢ per kilowatt hour (KWH), the monthly operational cost for Unit No. 1
amounted to $0.24 and $0.12 forvUnit No. 2 kFioure 5), which is equivalent to
$1.18 for a family of 3,up to $3.50 for affemily of 9. |

The GP Unit's usage varledvgreatly fromlday to day for any given unit.
-An even greater varlatlon was documented when comparing weekday versus weekend
usage. This 1s graphlcally 1llustrated 1n Flgure 6 for two given units. The
total weekend dally ‘usage exceeded “the weekday total daily usage by 50-60
’operatlons (an*increase of 35% over the weekday total).

As an. 1ndlcat10n of the 1mproved performance record of Modified Units:
versus the Prototype Unlts;va value, known as the "down tlme", was computed for

each of the GP Units. The "down—tlme" value is based on the amount of time a

unit was non-operational over the total amount of time of possible operation.

<73




Aep xad egtdes zed g°g = suojjrexadp obexaay

18301 8GYEL  TOVL 06LE 878G Geel 8Svh 6¥09 €eroT 2Tun xed Tezol

gvb‘T 091 6,1 - 8gl gl 60T - TL *A0N
209 718 8er  T9L 066 | L

€0g‘9 859 , veg 86T GLL 896 1

6Ev 9 8@ L8Y 62  66G 988 1L

LET'9 999 6GG g6z 882 €66 1A

966G 009 oy or €le 218 1L

G99°G v09 66Y Tz Odv 069- 1L

9980  €8p : . €88 g9e  v6¢ 66€

gcll9 €6 ; ! 282 66T 665 €28

9Ly 109 , ove 18z €€ 0v9

629°G  LLL 6GE 186 9GP €66

L99‘y 1L Log 08e 8LG

360°y A% 69¢€ €GL

199y £6€ £6E L601 0L *3°C

UJUON xad A ] [ 1 IX O
Telo0l , *CN 3TUL

SNOILVYEdO J0 YagWwnN IVIOL - @ TIavl




) suoypiadQ 49 mabo#oi uo  pasoq a0 SONP A :
'1L61'8L ADW 124D JUDIDA B3WDIRQ 9f WUN oo

spun do adAjojoig
SHUn 49 PRYIPOW .

zolord N..oTN.oru.o vro|zroferozrolzzofzrolvzof ($) HINOW ¥3d 1503
e | 7" "|NowdwnsNod ¥3mod|
g'ez|es|sufovgpoz|zeifsolsu oot szesis sz (NIW) AvVG ¥3d Wil
,A | 11 onuvaado viol
89 |ov | 6¢| 29 | 25 | 55 |59 [69 [ 65 [v2 |12 |65 lonnvanas oo Mionan
> | \ . | e AVa ¥3d
iz |8 |8t|zz|zz|st ot |ot |z 1z |st |8z
| | 1. 3 SNOILV¥3dO
sCljoll o0l .40 +8 Jol JooP]sS oV | € [+C |l

mh_Z: d9 m_n;._.O._.Omn_ ANV Q3iHIqOW J¥Od
V1VAd 1VNOILV¥IdO 40 AYVWWNS

S 3dN9Iid

75




. . SN 5, . . B .

T . AVQa uv.o “3ANIL D sA ; R
w & SNOILVYE3dO . 40 MHIGNNN IVIOL 9 "3¥N9i4
-3 - o N - : N . .z , . . .
S L _ o NOON . )
e ror.6 8 L 9.6 % € 2 1 .2 Il O 6 8 L 9 S ¥ € 2 I 2
[ L. 1 1 1 1 i i T | 1 L 1. 1 1 N S | | 1 i F 1 _ 1
” L T ——3=—=to
r :
~ 02
-0t
= 09
. - 08
- 001
P
.\un._.._... )
ek -~ 021
WL
“L
Hs
m - 0¥l
i
1L/7L2/% 'sanl 2-1 SLIND  —--- - 091
gN3 N33IM 1L/6/S °‘NNS 2l-1 SlINN ——
; - 081
- 002
- 022

- 0¥2

1VL0N

W3IENNN

40

SNOIlvYd3do

76




The Prototype GP Units produced a "down-time" of 2.69% for the first six

months in comparison to only 0.27% for the Modified Units over'fhe 1asf 7%

month period.

Discussion.

The pressure sewer system pipe sizing was based on the ASCE minimum
scouring ve1901ty erlterla of Vs —!E§5 ¢ and on certain engineering .assumptions
regardang fhe estimated wastewater ?lows from the 12 GP Units.

It must be ﬁhderstood that the flows in the differeht portions of the
pressure main were baeed strictly on athngineering estimete. There was no
data evailable on the frequency of GP operations for a multiple units system.
It was: p0531ble to predict the peak usage hours of the GP Unlts, but since. the
operating cycle per GP Unit is very small, 57 secs. to 74 secs., it was almost
imposeible to predict the number of.units working simultaneously during this
peak period.’ It was, therefore, assumed that a maximum flow of 90 gpm woﬁld
flush regularly tﬁat porfioh of the pressure main serving‘eli 12 GP Units. It
must be understood that the hydraulic characteristics of”fhe‘pressure sewer -
lsystem is dependent dreetly on the varying wastewater flows-Within that system.

| Informatlon on simultaneous occurrences was an essential phase of
the prOJect. This type of data is critical for the design of future pressure
sewer systems. Tﬁe maximum anticipated flows will dictate fhe size of pipe
withiﬁ thevbressure eystem. At the same time, the hydraulic gradient will
reach its peekvslope, The engineer, fherefore, must design a eysfem optimizing
the sizes and;ecouring velocities and be certain that the upper recommedded
working p¥essure of the GP‘Unit,ie eot exceeded;

During the last ten (10) months of' the demoestretion project, during

‘which time the 12 channel event recorder was in operation, a—totel of 58,823
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operations were recorded, which represent approximately 191 operafions per day.
Therefore, in order to obtain a picture of the minimum and maximum flows within
the pressure system, the abOVe‘mgntioned data indicated‘that (a) on fhe average,
2 GP units ran simultaneously 20 times per day - (b) 3 GP units operated simul-
taneously slightly more than once per day, and '(c),4 GP units ran simultaneously
on the average of once every 14 days.

Also, by using all the automatically recorded data, total wastewater
flows were calculated, which ranged between 95 and 100 peroenf of the actual
water consumption (Figure 7).

The close relationship between the water and calculated wastewater
flow is a highly reliable indicator of the corresbbndihg wastewater discharges.
Also, winter water flow records can be used to. estimate accurately expected

wastewater flows.

Pressure gages were installed in each basement so that the maximum

and minimum pressures occurring during aﬁy fifteen minute period ﬁight‘be
recorded. These pressure readings were indicative of the varying hydraulic
gradient line for each of the twelve GP units (Figure 8). The computerized
data indicaté that pressures in excess of 30 psi were reached by a few GP
Units.

Once the demonstration phase of.the project was cdmpleted, portions
of the pressure main and the 13 in. pressure laterals were carefully excavated
and removed. Grease accumulation within most sections wés evident. Reductions
of up to 40% occurred in the pressure main.

The system was simply overdesigned. Whefe flows Were expected to.
reach 90 gpm regularly, flows of only 45 gpm were rgcorded (Figure 95. Therefore,
instead of a 3" pressure main, a 2" main would have been sufficiént‘for the 12

town houses.
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 FIGURE 9

ASSUMED AND ACTUAL FLOWS FOR THE PRESSURE MAIN

i _ PROP. LINE A
noR™H ~s
— e~ i
g€t g"“/ ‘ :
P SECTION  NUMBERS |
_~—" 12 u 1o 9 Lo 8% 7?7 6 .5 4 3 2 o
e / e 1 -1 I N | |1
' R 0 |9 - a 7 e |5 ]| a {1 3 ]2 1
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_:,'.5_‘_._*°_°§TR°‘- BOX STREET & PROPERTY LINE
M.H;: -

SECTiON ~evc-ow§ nggw"ssmm Jrltg)\:f :ﬁi‘:‘:‘g DAILY FLOWS (GPM)
|NumeER |erpe size | )T ':légf:’)‘ REngRa‘i:D ":Gf;ﬁ,')“ AXIMUM | AVERAGE it mum

| 1.25" | -19.7 15 15 715 15 15 15

2 | 20".| 200 | 30 30 | | 30 30

3 v | =| 592 45 45 v 4 ‘

4 19.2 | 30 45

5 . ) 19.5 v |

6 | 3.0" 19.6 60 {

7 o ] e} | | 60 | 45

8 1585 | ¢

9 1174 75 '

10 195 | fo - |- 60

I 271 vt 11 , _ ,

12 J 81.0 90 ‘ v v v v
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TABLE 3
SUMMARY OF COMPOSITE SAMPLE ANALYTICAL RESULTS

Number
. of Standard Minimum Maximum
Parameter Samples Mean* Deviation Value Value

5 Day Biochemical Oxygen Demand - 57 330 53 216 504
Chemical Oxygen Damand . 56 855 158 570 1450
Soluble Total Organic Carbon - 6 140 49 21 225
Total Solids 55 681 87 928
Total Volatile Solids 56 476 84 706
Total Fixed Solids 56 205 63 ‘ 355
Total Suspended Solids 56 77

Volatile Suspended Solids 56 é4

Fixed Suspended Solids 56 48

Total Dissolved Solids 55 90

Volatile Dissolved Solids : 55 . 62

Fixed Dissolved Solids 35 ’ 58

Organic Nitrogen** 53

Ammonia Nitrogen¥* 54

Nitrate Nitrogen*¥* 38

Total Phosphate¥¥* 63

Particulate Phosphate¥¥* - 50

Fllterable Phosphate*¥# 51

Total Ortho Phosphate¥#* 32

Methylene Blue-Active Substahaes 39

CGrease 9

Settleable Matter ¥ Hr. 56

Settleable Matter 1 hr. ° 56

Chlorides 38

Hardness ‘ 55

Alkalinity . 9

pH ‘ 54

* All values expressed as mg/l except pH
** As nitrogen
*%  As phosphorus

As linear alkylate sulfonate
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There are no existing:standarQS for velocities dealing with the
grease accumulation problem, even though velocities in thetrange of 2 fps to
8 fps have‘been used by some in designing wastewater pressure conduits. However,
for a pressurized sewer system utilizing GP Units, a velocity range;of 2 fps to
5 fps is hydraulicaily and economioally preferable. | | |

Extensive chemical analysis were performed (Table. 3). Tne ooncentra-
tion of various pollutants in a pressure sewer system was found to be approxi-
mately 100% greater than those found in conventional systems.. On a gm/capita/oay
basis the pressure sewer waste contained approximately 50% less contaminants
than reported for conventional domestlc sewage.. Settleability tests show no
significant differences when compared with conventional wastewater.

Therefore, the difference in the strength must be taken into account

in designing'treatment facilities for a pressure system. ‘

Conolusions

The pressure sewer system, which included the usage of PVC Schedule
40 pipes and PVC-DWV fittlngs, functioned well for the duration of the demon-~
stration project. Careful con31derat10ns must be given to the material used
in backfilling pressure main trenches. A‘good‘engineering practice is to en-
case‘the plastic pipe in sand.

As for the GP Units, the ‘functional specifications have proven to.
be approprlate. Even though the Prototype.Unit exhibited'low mecnanioal
reliability, the Modified GP Unit operated to its expectations. ‘Design modi- -
fications virtually eliminated all major malfunctions; that is, the”l",opening
of the pressure sensing tube was increased to 3" and the pump was relocated so

as to be positively primed.
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The service record coupled with the "down-time" performance of the

Modified Units was impressive, a 0.27% "down-time" value versus a 2.69%
"down-time" value for the Prototype GP Units.

Both the pump size and tank volume were more than adequate to handle
peak wastewater flows, so that no further design modifications are necessary
in this area.

Therefore, in order to summarize the operational performance of the
GP Units, a brief review of pfeviously présented facts hés been tabulated;‘

(1) Total Number of GP Operations»for‘fhe duration of the prbject -

73,740 operations

(2) Average Operations perléépita pér‘day - 2.6

(3) Average Length of operating cycle - 57-74 sec.

(4) Electrical power consumption cost -u34¢/c$pita/year
In addition, based on the water consumption data, an‘average‘wastewater flow
of 37 gallon/capita/aay was computed. A comparison of the chemical analysis
for the pressure sewer project versus the results obtained by others from the
conventional gravity systems (Table 4) indicates a much strongér sewage, yet
one that contributes 50% less pollutants on the per éapita basis. Also,
settleability tests indicated no sigﬁificant difference between the pressure

and conventional sewage.

Recommendations

It is recommended that pressure sewer systems be considered aé avail-
able engineering technology for use whére applicable. This recommendation
is based on the high mechanical reliability demonstrated by the Modified GP

Unit during this demonstration period.
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SECTION V

APPLICATION OF MICROSTRAINING TO

COMBINED SEWER OVERFLOW

by

George E. Glover, P.E.
Research Engineer
Cochrane Division-Crane Co.
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Combined sewer overflow is a mixture of st‘ormwater and sanitary flow.
The special problems of dealing with this flow are due almost exclusively
to the stormwater component. Thus, these remarks should apbly eqﬁally well
to overflow of separate storm sewers. |

The two components ~ stormwater and sanitary waste — are somewhat
similar in composition. Both contain suspended solids, BOD, and coliform
concentrations equal to many times the usual secondary effluent standards;
On an annual basis our eleven acre drainage area produces some 9,000,000
gallons of sanitary flow and about 3,000,000 galléns of storm runoff.

The flow rate of stormwater runoff, however, is very high and widely
variable, At our site, we have monitored several storms a year whefe the runoff
rate is over 400 times the mean dry weather sanitary flow. It is the flow rate
aspect of combined (and separate) sewer overflow that requires a totally
different approach when trea"cment‘ is considered.

Only re'cently have We become aware of the magnitude of the possible
pollutional load from stormwater runoff and have considered treatiqg it. It is‘
not surprising that there is a considerable difference_ir; opinion ds to what a
stormwater treatment facility should be able to do. The two basic dimensions
of a combined sewer (or separate storm s;ewer) overflow treatment facility are:

(a) The instantaneous flow rate it -can hahdle, and

(b) the amount of each type of pollutant it can remove.
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In our studies we hé,ve used a flow rate of 2.0 cfs/acre (1.34 mgd/acre)
as the required instanténeous capacity of the treatment facility. This runoff k
- rate would require (afcv a runoff coefficient of 0 .4) 4.5 inche.s per hour rain
intensity. At our site We have this intensity sﬁstained for about 15 minutes
every 10 vears.. Analyses of ;\7ery large drainage areas such as the Boston and '
Chicago stormwater tunnels where rainfall does not OCcu; over the entire area
simultaneously, and where there is tremendfaus surge volume within the sewer
(tunnel), have led to the adoption of a flow rate of.Ov. 2 cfs/acre (0.13 mgd/acre)
based on the area of the entire basin. less understandable is the adoption of
low (0.2 = 0.3 cfs/acre) instantaneous design rate for the treatment of combined
sewer overflow from small arainage areas of 100 acres or so. Additional
experience will permit the selection of realistic design rates for each situation.

It has been suggested that flow equalizqtion basins be ihclucied above
ground as p"art of the overflow treétment facility to reduce the peak instantaneous
flow rate. Above grouﬁd, flow rate equalization basins by themsélves ‘may be
an attractive scheme of treating overflows, providing space at low cost is
available. In fhis scheme, the peak overflow rate is reduqed to a rate where
the existing interceptor sewer and sewage plantlcan handle it as an alternative
to an on-site combined éewer treatment faciilify. ~ Although the annual stormwater
volume is some 35% of the sanitary volume, only some 15% additional flow rate
capacity would be reqvitiréd.

Flow equalization is most attractive where the subsequent treatment

techniques are very expensive on a ‘dollar/cfs peak capacity basis. Flow
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equalization is essential where the subsequenf freafmeﬁt techniques cénnot
accept sudden starts and stops or rapid chaﬁges in flow rate of several
hundred times the dry weather flow variation. .

The extent of treatment to be required on combined. sewer overflow is
at present not standardized. [t is nof certain what fbffri regulations will take.
As will be seen later the familiar "percentage' remdvél“ typ.e regulation would
be most inappropriate for this problem, ‘Mliclhrrr'lore Work and study must be
completed before it can be decided whether it is necessary or consistent with
the cost to design overflow treatment facilit‘i‘e"s fcﬁ* a 25 vear retﬁrn storm or a
5 year return storm.

With current practice, the c;ombined" sewer o{ferflow regulatér ié adjusted
to overflow when the rate exceeds 'perhalps 3-5 timés ~'1:he mean dry weafhef flow.
Thus, the composition of the combiﬁed sewer ovéfflow is' ‘l'part‘sew»agev fo at
least 1-1/2 parts of storm runoff. E.‘re'qu’ently the chposition is pver l‘O(Y). parts
of storm runoff to 1 part of sanitary floW. Ih any 'evént, when significaht o{zér-
flows occur, the composition of the overflow water is determined alfnost.v |
exclusively by the composition‘ of the storm runoff,

The wide range of gontaminant levels in the ,q‘ombined sewer 6verfiow |
reflect the breadth of the range in the storm n.m“off‘. | o

The contaminant level in the combined sewer overflow observed in our

site is shown in Table 1.
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Table 1.

' ‘Contaminant ‘ , Minimum Mean Maximum -
‘Suspended solids mg/1- . .15 - S100 . t700
BODg : mg/l. - 8 . 800 - 3,000

Total coliform L L e T _
cells/100 ml 1,000 1,000,000 3,000,000

PreviOusly'we had found (during the fall and winter storms) that, in
general the contamlnant concentratlons were hlgher on the blgger storms
partlcularly 1n the oase of the suspended solids Recently, however», (duriwn.g
spring and Summer storms) we found llttle relatlon between storm 1ntens1ty andh
contamlnant levels. l‘he BOD and col1form content of overflow do not seem to-
have.any relatlon to storm rntens1ty but do seem to have an annual var1at1on.
Each dralnage area has no doubt a—umque comblnatlon »of features Wthh w111
influence the character of the stormwater overflows . QOur experience, however,
has heen parazlleled by the’reporte:d ohservativo’ns of others . They find that
sustalned hlgher contaminant co‘ncentratlon‘levels are as hkely if not more
llkely to occur in large overflows from the blgger storms as from the smaller
overflows from less intense storms.

Thus, the treatment design criteria and the regulations must, for

the present, assume that maximum overflow contamination concentration will -
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exist at design peak flow rate. More work is needed on this aspect.

To attack a given combined sewer overflow situation-, the first step is to predict
the peak rate-duration and frequency of the actual overfloWs . Wirh ’rhe'se
predictions at hand a decision to treat éll stormé of less tl'ran § certain return
frequency must be made more or less arbitrarily. One method of arranging the
storm flow data ‘is that used by Dow (2). See TFigure_‘ 2 from that report. Note
that treating about one-third of the pe‘ak“flow‘ observed over an 8! vear study |
would treat some 98% the total annual flow.

The benefit of flow equalization can be Qvalu,ated for the storms to be.
treated. That is, the relation between equa.lizétion basin vralume and the reduced
peak rate can be ascertained. This work might be extended to, say, 60 minutes,‘
which willb be the residence time of some of the actual treatment techniques . We .
will return to this flow rate consideration after we look at thé degree of treatment
needed.

There is paucity of information regarding the impact of combined sewer
overflow contaminants on the receiving stream. It seems that the pounds of
suspended solids discharged per vear would be an important criterion.

It is not known how much greater impact tllrlese sélici”s would have when

they are discharged in slugs of approximately 40-60 hours annual duration.

If it is found that the instantaneous[‘ ‘rate of sollds discharge is significarit,"th‘e' v
regulations may be phrased in terms of maximum pbunds;ger hour. Thisis a,

very complex problem and the methods of considering it have not been developed.
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The potential pollutant load of untfeated combined sewer ovérflow during
a big storm is: (Overflow Rate) x V(Pokllutarit Concentration; e.g., 8.8 .

The potential load can be redﬁced by treatment to a lqwer level, depending
upon thé désiéri of the treatment fécility as follows:

. (Overflow Rate-Peak Capacity) x (Pollutant Concentration) plus

(Peak Cabacity) x (Pollutant Leakage). ‘

Piéure 1l is a preliminary attempt to illustrate thié relationship in a
s‘ty]ized r.nanner. The bars krepresen‘t overflows in increments of rﬁagnitude. The
hé-ight of the Ear fepresents the magnitﬁde of the flow (thel"left of the pair) and
oﬁ l,the ins".c'antjdr'ieous contaminant flow; e.g., ‘pouncvlvs of suspended solids per
secohd. :I;‘he"';width of the bar represents ’;he ci‘uratioﬁ of flow of the indicated
lrnge»ig‘r;:lulld)e"in minutes per year. The.areé of the inars tljlen represent overflr.;w
‘ vélu'me'péjr y:‘e"‘ark at indicated rate (left of pair) and the pounds of contamAi}nént‘
pé'r year The shaded area étv the bottom of the .solids bar represents the solids
le'aking ti;lroucjh treai‘tm'ent‘ facility and en%:ering the stream. An a-fbitrarily kse'l.ected
dfésigﬁ péék rfléw‘ i'ate for a t;*eatment fécility is shoWri. The shaded area on the
sBlids, bars representing the biggest/ étorfns shows thé additional sélids:,eﬁtering
thé stream by direct bypass of the facility. |
| The amount of the annual contaminant load to the river of the des!igrtl i
parameters - peak flow capabiiity of the .facilify and the leékage t_hrough tl;le
f;é:ility caﬁ be seen. Also:;,ﬁ the instantaneous r.ate» ;)f'contaminaﬁvtv dischéi”ge can
be seeﬁ. | | |

Figure 2 shows another way to consider the overflow rate-annual duration
data. ‘ :
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In the previous application section, I have attempted to show the

importance of Peak Flow Rate Capability of a combined sewer overflow treatment

technique (s). Also I tried to show the impdrtance of Contaminant Level Removal
Capability of treatment techniques at ciesigri (peak) rate ahd below design rates.

The announced subject of this papér is a description of the cépability
of the Microstraining technique in this service.

Figure 3 is an isometric drawingAa microstrainer. A microstrainer is a
rotating drum fitted with fine screen. For stormwéter the screen used is what
we call Mark 0, a stainless steel Dutch twill »screen with 600 x 125 wires ber
inch yielding about 23 micron (1-1/2 millions of an irich) apertures.

The stormwater enters the open end of the drum and passes fhrough the
screen into the outlet chamber and then to waste; The suspended solids are
retained by the screen. As the drum rotates, the screen with a mat of retained
solids on the inside is brought up and under a row of backwash jets‘which wash'
the solids off into a hopper and thence to disposal. The backwash waterv‘
requirement is about 1-1/2 gpm per foot of drum length which is a fraction of
a per cent of the thruput capability. The solids-rich backwash water stream
is small - less than the DWMTF -~ and can easily be ‘sen-t {zia the interceptor
to the sewage plant, for smaller CSO facilities,_ or’ disposed of locally. 'The
backwash water source can be repumped miérostrained CSO or preferably cfty ‘
water on small unattended satellite facilities.

The flow of water through the screen is motivated by thé difference in
level inside the drum over the level outsicie the drurh; In conventional applica-

tions of Microstraining this different;al is about 6 inches. At this differential
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 Figure'3d . o

Isometric Drawing of a Microstrainer




the Mark 0 screen will pass only about 6-8 gpm/ft2 of gross submerged screen
area. It might be noted here'tlhat the flow capability is not baeed upon ;che gross
area of the drum but rather upon the open submerged area; 'Thet is ,v;chat efea ef
screen unimpeded by hold-down straps which lie below the: liquild ievel ineide
the drum. There is considerable dlfference in the per cent submergence attalned
and the per cent unimpeded area in currently avallable mlcrostralners and the ‘
percentages vary a little from size to size. In the Current Crane desi.gn for a
10* dia x 10* long drum, the per cent submexfgenee is 83% and the per cent
unimpeded area is 94%. The'Glenfield-Crane (older) design we are using has
only 83% unimpeded area and was adapted to achieve 83% submergence. Some
competitive designs have lower percéntage submeérgence and unimpeded area.

For stormwater service we use much higher differentials, up to 24", and
have achieved flow rates of up ;co 45 gpm/ft2 of gross submerged area (i.e.,

54 gpm/ft2 of unimpeded submerged area) with very high removals.

The following remarks will be besed u‘pon 35 gpm/:ft2 of gross sul;mefged
area (42 gpm/ﬁ:2 of unimpeded submerged area). ‘Also, these fer‘.n.ark’s. will be |
based primarily on the use of a micfostrainer as a ’satellife etetien fo;"‘treatrr;ent
of CSO; i.e., located at the point of Over‘flow so that no additional sewerage
is required.

Perhaps the best way to describe a mierostrainer CSO facility is by an
example.

A present-day Crane 10 x 10 has 314 gross sqg ft of screen area of which

245 sqg ft is unimpeded and submergible. Such a machine can treat some
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10, 500 gpm or 23 cu ft/sec of any of the combined sewer overflows we have

seen in 16 months of study. Our example will be a fa0111ty with two such

m;a.chines in parallel (As prev1ously mentioned the 46 cfs (30 mgd) flow

l capability of these two machines would be required by a drainage area of from
24 to 240 acres depending on many factors unrelated to the microstrainer.)

Any CSO treatment facility will require a coarse bar screen. The space
for and the cost of a travelling bar soreen have been included in this example
facility. Almost certainly any CSO treatment facility will be sizei'to treat
something less than the peak. storm that will occur in the life of the equipment.
Thus, a bypass arrangement is. required to divert the flow in excess.,‘ of the peak
capacity of the treatment equipment without interfering with the capability of
the equipment to treat its peak flow. This consideration may be 1ess irripdrtant :

‘ with Microstraining than with other techniques . A microstrainer will fl'ood;
i.e., untreated water will overflow the washwater hopper at inlet levels 3 'i or
so“ above the design level at peak design flow rate. The microstrainer cannot,however,
dump prev1ously removed solids 1nto the effluent unde“r excess flow conditions. |
The space br and the cost of a bypass weir and channel suitable to divert
excess flow equal to the design flow have been included in this facility.
That is, 'this facility can accept 92 cfs, treat 46 cfs vvithout hinderance, and
" bypass the reaminder to the receiving stream, or rather to the disinfection °
chamber, and then to the stream. y . |
.The bar .,‘screen—microstrainer facility with flumes and chambers for bar
" screening of 92 cfs, Microstraining‘ of 46 cfs, and bypass of 46 cfswill occupy -

a ground area of 30 x 40 ft x 10 ft deep. The facility area of 1200 sq ft of ground
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area is 1/35 acre a about 1/1000 to 1/10,000 of the dralnage b8.81n The llqu1d
volume of the facility is about 9, 200 ft3, or 200 sec re31dence at: peak flow.
The head loss through the facility isA about 3'ft during peak flow. While ‘3. ft

is the minimum head required during‘ a storm, ideally there should be lQ ftvof T
head available so that the facility can be drained by gravity after the storm;
Otherwise, a small (3 hp) sump pump will be reqdired.

The chamber will be comprised of about 2,500 sq ft of corrcrete walls”
and 1, 200 sq ft of floor, and to put it below grour1d will require about 600 yards.
of excavation. |

The ‘microstrainer‘secvtion shou1d be houeed ‘and kept above freezing;

The recommended building then would be about 16" x 40" x 18* high. The
individual microstrainer units weigh abeut 13,000 pormds and an I beam |
craneway should be provided for 1nstallat10n and malntenance. An 1nsu1eted : n-
Butler Bulldmg of this size is 1ncluded in the cost data. | ”

To keep the microscreen in condltlon tO operate when needed it mdst‘ not
be allowed to become dry while soﬂed. The”recommended procedure for
combined sewer overflow service then is following a storm to drain the chamber‘,
continue the backwash of the slowly rotating drum us‘irlg city water as W@S‘hwétef
for several rlours and then stop 1:.he drum and the backwash water.

Also, for sustained dry periods the drum can'be rorated slowly for short.
periods at intervals under backwash jets end the UV lights,f.,v The program controls
for carrying out this maintenance operation automatically are included in the

cost data.
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~ 'The:cost of:a c’omplfe’te factlity ins,talled, less‘land andenglneerlng, was i
estimated to be $195,000 in 1969 dollars. This investment represents an’lannua'l ’
c-apj,ta,l_fcharg,e"of‘. about$19 ,-‘5.00/year to h‘e"applied" to the rfacilit'y‘;-" This annu'al )
capital.charg_e, is., by ,fa,r_,wth‘e major cost forl MiCrostraining (or-other techni’que 9 7
for combined sewer overflow; This cost‘,jappvlted _-_to the drainage area represents
about $80 to $800 per acre at: peak desi-cn"rating of 0.2 and 2.0 cfs/acre respectively.

Ihe effect of scate on the cost of ‘a facility can be seen in Figure 4.“
The utilities required for the two mach‘ine,facility include about 50 .gpm of
city,wa_terr V'Ifhekelectrvic_al power :dernand_isforgtwo 5 hp drum drive motors,, a‘
3 hp s'umo pump ; it required a 5 hp'drive for‘dthe? automatic bar screen rake, and
for llghtlng and controls - about 25 kllowatt connected load 1n all. Wlth 50 over-
flow events a year (we see only 40) , and several hundred short dry weather
perlods of operatlon the.runn_tng time then w1ll be 280 hours a vear so that the
annual power consumptlon w111 be 7 000 kwh/year or‘abour $l40/year ‘Slmllarlly,‘
the city water consumptlon w111 be about 14,'000 gallons/year most of whtch is
consumed dunngramy wea"ther‘.‘ o o | - ‘ N |
" The 'microstrainer 1s :aut,omated‘.': ‘At onset of storrn overflow the liduid
level in the inlet .,"c.hannel rises and Aaotuate'ks“a 1é§;"ei swfitchmwh‘ic‘h starts the
microstrainer drum motor ,'?the"backwa'sh jets, turns:'on' the UV lights, and the
‘bariscreen-rake ‘drive’.’
- The' microstrainer drum speed ‘controls’ regulate"the speed of the"drum in
accordance, with the difference in liquid level across the screen which is roudhly

proportional to the flow‘ratek. All of the combined sewer overflow passes through
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, ‘;he drum, | If the storm 'fiow ehould e'xceeel the peak 'design rate of the machines

a(le, cause a dlfferentlal 1neXcessof 24") the egcess water ovex:flov&s the
bypass _w‘eirs; and flows dlrectly to the Eece}ivviﬁg stfeam or to the. disinfection
facilit{/lven.d ";he-n‘ 10 the stream. Atthe endv‘o'f ‘the storm, the program contrels,
continue the operatlon of the >Ir‘ﬁcrr‘ostr‘:air'1e;* , sump pumps, ﬁete. . Llntil the cha'mberT
is drained and the screen is clean and then shﬁt them d&vn. The instant
readiness and the \‘7ery low residence volumeﬁof the'.l‘\/Iicros“training techniQue -
permi’cs unatter;ded operation with ve'ry; simple ;:ontrols. Our equipment ran on
all stormé ‘gnder automatic centrol‘s,, It wlas _unattended during the first. part of
all storms. No trouble was obser\}ed. ”

The labor required for a -fac:ilify“WOuld be we'e]%.ly. inspecfion and routine
maintenance v131ts (i.e‘.‘_,,,:vlubri‘cat’ion‘, etc ) and ‘- in is believed thet a tWo man
crew could accomplish this in 2 hourq. ‘The labor cost would ’be fhe ¢ost of
104 hours, or at $2.50/hour, $260/~ye'af." .

Maintenanc':e' supplies., r'e‘placém’ent‘ parts, and maintenance labor (in
addition to operation-routine rpainterfance ‘labor) slhoﬁldfnét exceed 1% of the
facility cost per year. We have) no longeferm experienee en the screen life
at high diffe‘r;entiale’, however, 1tls bellevedthat tl'ie efigine;l sc‘re;en will serve -
for 10 or more year's 1n Sterrflwate‘l; :fser\./ice.‘ Thecost of'resereehiﬁé al0x 10
is about $5,000. Our experience evjef';a,é‘ gzear [Seriod hés indicated a maintenance

cost of less than 1% of facility cost, even if a screen change every 10 years is

anticipated.
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In summary, the annual cost of a facility having 490 sq ft of open
submersible area (capable of treating 45 cfs) would be:

Capital charge @ 10% of installed facility cost
(less land and engineering) $19,500

Utilities - electric power and city water 200
Routine labor | 250
Maintenance and supplies @ 1% of installed

facility cost 1,950

$21,900

The annual cost of installing and operating a dual 10 x 10 microstrainér
facility is -$22,000/year. Such a facility will accept‘ 92 cfs and treat 46 cfs.
Depending on conditions previously discussed, such a fécility would serve‘a
drainage area of from 24 to 240 acres. |

The suspended solids removal performance of a microstrainer on storm-
water follows a pattern that will seem strange to engineers accustomed to other
liquid-solid separation techniques such as settling or granular bed filtration.

A large portion of the first increment of solids applied to the screen leak
through before the mat is established. Most of subsequently applied solids are
retained as shown in Figure 5. Thus, those conditions that contribute to high
solids loading; i.e., high potential pollution make for high removals. These

conditions are high flow rate, high stormwater solids concentration and low drum

speed. It may be repeated that the higher the flow rate and the higher the

influent solids, the lower the effluent solids. This latter relation is shown in

Figure 6 and Figure 7.

The suspended solids in the stormwater at our site exhibited a surprising
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characteristic. The greater the concéntration of solids the easier they‘were
strained out. The permeability parémet'er is the flow‘rate ‘pos.si"ble ai unit head
loss; i.e., one inch of water head loss per inch of ‘n“nat thicklne'ss . The units

of this parameter, borrowed from oil well practice, are inconveniént for
Microstraining since buildup consis;cs of mats »of a _‘fewAth‘ousandths of an inch.
In any event, this permeability is a measure 6f the flow cabaéity of the machine
within the differential limitation imposed by the sc‘ree‘ri‘stre‘ngth.

In summary, we have found in two studies totaling about’ ‘Zz'm‘onths “of
operation at one site that the microstrainer wil} reduce suspendéd solids frorﬁ
50~700 mg/1 down t6 40~50 mg/1 at flow rates of 35 to 45 gp‘m/»f’c2 of gross
submerged screen area; i.e., 42~54 gpm of unimpe,de‘d submeréed area; These
flow rates have been routinely achieved within an arbitrary limiation of 24" -
of water differential between inlet al;ld outlet liquid levels.

The removal of organic and other ongen demanding material is shown

on Table 2 to be 25-40%. This removal is confirmed by BODs, COD and TOC

measurements performed by the 'St‘a‘ndard's Methods with and without a maceration
pretreatment in a Waring Blender. The advantage of this‘ pretreatment ié cdvered ‘
in the formal report on this work.

The Microstraining had little or no effect on the coliform co_ntenf éf the

stormwater.
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The advantages of the Microstraining technique for suspended solids

removal are:

l'

Instant readiness and low residence volume permit simple
automation for unattended facilities at rejmbte locationsf :
Instant readiness and very high flow rate capability/unit
equipment cost permits installation without flow equalizatidn
basins.

The low head loss - 3 ft - through the entire Microstraining

facility will generally eliminate the need for repumping.

' The removal performance of Microstraining, where highést

removals, both absolute and percentage-wise, are achieved
at highest flow rates and highest suspended solids loadings,

is particularly suitable for the conditions existing in combined

" sewer overflow service.

The excess flow bypass is an integral part of a microstrainer
facility and eliminates the need for this necessary feature

as an appendage.

The very high flow rate capability and low residence vblume

permit Microstraining to be the lowest cost solids removal

technique - less than $500/year per cfs capacity.
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GENERAL

The nature of combined sewer ovefflow, i.e., a highly pollut-
ional, high volume discharge, requireéna relatively high fate treat-
ment process for economical pollution control. Deep bed, high rate
filtration, a new develbpment in the field of industrial wastewater
treatment, has demonstrated favorable cost-efficiency factors when
dealing with high volume wastewater dischargés, especially where . ..
suspended solids comprise one of the principal contaminants. Thus,
it was felt that such a process, which currently has significant
apﬁlicability and usage in the steel industry, might prove an effect-
ive and efficient solution to the treatment of combined sewer over-

flows.

To evaluate the applicability and effectiveness of the high rate
filtration process in removing contaminants from combihed sewey over-—
flows, a testing program was undertaken at Clevéland's Southerly
Wastewater Treatment Plant, beginning in 1970. The work‘was under-
taken by Hydrotechnic Corporation, Consulting Engineers, New York,

New York, under the sponsorship of the Office of Reséarch and ‘Monitoxr-
ing, USEPA.

The City of Cleveland ranks seventh in the nation in total area
served by combined sewers (44,000 acres), and is fourth. in population
sexved by combined sewexr systeﬁs (1,000,000 persons). As can be
expected, Cleveland has a very serious problem of combined sewer over;

flows.
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TESTING PROGRAM | IR

> The two major process units or equipment units in the proposed
treatment'system are‘the drum screeniand the deep.bed,.high rate
filter. - The function of the 'screen is torremovévcoarser‘ﬁaterial5‘
(fibrous type, etc.) that would impede the filtration operation.
Construction of a full scale ‘treatment plant empioyingvthe:process*
sequence under study would require design parameﬁers for the screen
and for the filtration process. ‘The major criteria.for the screen

are screen type, screen mesh, and hydraulic loading.

" The. filtration system, which is the heart of the overall process

sequence, can be characterized and described by the following para-

meters:
- Media composition. - - .- ‘Length of~filter run
‘Media depth . . ... . . Head loés '
- Filtration rate +, - . Backwash wéter;volume'>
:Coégulant‘addition R . Backwash procedure

A definition of these elements allows the construction. of a

full scale facility.

Vleestingfequipment at Southerly included a drum screen, two 5,000
-rgallon storage tanks, lucite filter columns of four -(4). and six :(6)
inch internal diameter, and chemical and polyelectrolyte feed eguip-

ment. .(Figures 1 and 2)

The testing program evaluating the filtration components of the
propqsed system was conducted primarily in two phases: first, evalu-
ation and selection of éystém media and filtration rates, and sécondly,
optimization of the filtration process via coagulants and polyelec-

trolyte addition prior to filtration,
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Figure 2
Drum Screen and Storage Tanks
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'fllter run, andzbackwash procedure.

TEST RESULTS

The recommended“system is a'drum‘screen (No. 40 mesh screen
-'element) followed by a Geep bed dual medla fllter (flve feet of

' No. .3 anthra01te over three feet of No. 612 sand) Slxty—nlne
pilot filtration runs were performed in 1970 and 1971 utilizing

' this system. Polyelectrolyte feed is an essentlal and crltlcal
part of the system to achleve optlmum treatment efflclenc1es.

Data utlllzlng coagulants ahead of. flltratlon showed incon31stency
in treatment eff1c1enc1es and at the present stage of development,

polyelectrolyte feed alone appears optlmum

The proposed system, w1th addltlon of approprlate polyelec—

trolyte, achleved the follow1ng treatment performance-

Flltratlon Rate : o ‘Average Removals (%)
(gpm.sg ft) ‘ .Suspended Solids  BOD. Phosphorous

8 S S 96 © 43 66
» 1 - . 95 . 40 57
24 . 93 40 . 46

The average 1nfluent suspended sollds concentratlon ranged
'from 50 to 500 mg/l and the. average 1nfluent BOD concentratlon
ranged from 30 to 300 mg/1. Effluent levels at 24 gpm/sg ft with
polyelectrolyte addition were 15 mg/l suspended sollds and 22 mg/1

BOD, respectively. (Flgures 3, 4, and 5)

HIGH RATE FILTRATION -INSTALLATION

Comblned sewer overflows would be . conveyed from an automated
overflow chamber, or chambers (1n ‘case the centrallzed filtration

system is for many overflow polnts), to a low lift pump station.
. . = 1. B . ! . .




Filtration media evaluated included: four or five feet of
anthracite over three feet of sand. The characteristics of the

media are indicated as follows:

Media Effective Size Uniformity Coefficient
No. 4 Anthracite 7.15 mm. 1.42 |
No. 3 Anthraéite 4,0 mm. i.S
No. 2 Anthracite 1.78 mm.. 1.63
No. 612 Sand i 2.0 | 1.32
No. 48 sand 3.15 mm. 1.27

Screen meshes tested included:

Mesh Screen Screen Opening Tyler Screen Open Area
Designation microns/inches Scale Equivalent (%)
(mesh)

No. 3 6350  0.025 3 . 57.6
No. 20 841  0.0331 . 20 43.6
No. 40 420  0.0165 35 43.6

The filter tests were‘directed to aetermine the degree of
treatment thdt could be achieved by using different depths and
composition of filter media when ope;ating at different flux rates,
with and without the application of coagulants and polyelectrolytes.
Using the results of the tests, criteria could be established to

determine design parametexs of full scale installations.

The principal water quality parameters carefully observed and
recorded were: suspended solids, BOD, and COD. MeaSuremehts were
also made on pH, temperature, total solids, settleable solids, coli~-
forms, and total organic carbon. The laboratory analyseé‘were per—

formed by a local laboratory in Cleveland.

Filtration operational factors measured and recorded were:

media depth and‘cbméosiﬁioﬁflf}ux rate, head loss, length of




Figure: 3
Filtration- System
Performance—-
Suspended Solids
Removal

Figure 4 =
Filtration System’
Performance = i ..
B.0.D. Removal

. 121




EMICAL

Figure 5
Filtration System Performance
Effluent Suspended Solids Quality
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Flow Diagram
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Figure 7
..~ High Rate Filtration Installation

‘ Figure 8 . .
Plan - High Rate Filtration Installation

(100 MGD) o




Figure 9
Longitudinal Section High Rate
Filtration Installation (100 MGD)

T FIUTER INFLUENT- -
- CFLUME
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Figure 10
Cross Section ~ High Rate
Filtration Installation (100 MGD)




Before entering the pumping station, Fhe combined sewer overflow
wQuld pass through a bar rack (screen) forvremoval of coarse mater-
ials which might cause problems in the operation, maintenance or
wear of the low lift pumps. In certain locations, where consistent
with local topqgraphy and sewer invert; a low 1lift pumping facility

may not be required...

‘The combined sewéf 6§érflow'from theviow 1ift pumpjstation

would enter a treatment building and be delivered to drum type
screening units. The wastewater would be introduced‘into the center
of the drum type screen and would pass through the screening mesh
into the influent chénne; ﬁo the'fi;téfé{. A:graVity type design,
i.e., open filtration units, is proposed. The water would be intro-
duced at the top of the filter and flow downward through the filter
bed. The plant effluent could be discharged by gravity to the respec-

tive receiving water body.

Filtered wastewater would serve as a source of water for back~
washing filters after the overflow has attenuated to a sufficient
degree. The filtration building’would»be'provided with low pressure
air blowers as a source of backwash air. Backwash pumps would be
located in the filtration facilities to deliver water to the fiiters
for backwashing. The treatmehthbuilding wouldlalso include a con-
trol area, office spacenzawgolyelegﬁrp}yte feeding set-up, and a
system for adding hypochldrité'toffilter baékwash water for the
prevention of slime growth on the filter media. The operation of the
high rate filtration facility would be completely autémated, and could
be left unattended, except for routine maintenance and periodic de-
livery of chemicais; Iﬁ fﬁll sizekfreafmgnt systems, chlorine feed

for disinfection could be incorporated into the filtration facilities.

Dirty backwash effluent from the filtration facilities and /
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screenings would be directed into the interceptor running to the sani-
tary sewage treatment‘facility. The concentrated solids from the
drum screening units would be passed first through a grinder, and‘
then through a trash basket or classification device to insure that‘
very coarse, settleable material is not returned to the sewer systém.
Sludge handling facilities should not be located at the filtration
site, as this would prove very costly. Centralization of material
handling facilities has always proved most econoﬁical; as an example,
the Southerly Wastewater Treatment repeives sludge from another plant

in Cleveland.

For filter backwashing, two types of process contral should be
considered: the first parameter would be total head loss through
filter bed, and the second would be effluent suspen@ed solids con-

centration.

For measuring the. filter head loss, each filter would be equipped
with a differential pressure transmitter to continuously sense the
loss of head across the filter and transmit a pneumatic signal line-
arly proportionate to this head loss to a central control panel.

Wwhen the filter head loss would reach a preset value, the differential
pressure switch associated with the filter would be actuated. A
contact in this switch would open a stepping switch circuit and the

filter would start to backwash.

An alternate, filter backwash control.could be achievea with an

effluent suspended solids monitoi. A continuous reading, light
scatter type suspended solids metér would be installed in each
filter effluent pipe to continuously measure the suspended solidé
concentration and transmit the reading to a recorder at a central
control panel. When the filter breakthrough would suddenly take
place and the suspended solids concentration indicator would reach a

preset level, then a micro switch would be activated and an alarm




Awould be initiated The operator would check the filter performance
condition and start to backwash the filter.
: . :

Princ1pal advantages of the proposed system are: high treat-
ment efflClenCleS, ‘automated operation, and 1imited space require—fl

'ments as compared w1th alternate flotation or sedimentation systems.
COST DATA

Estimated total constrnction‘costs (ENR#14705 of a filtration
plant for treating combined sewer overflows range fromh$830 000
for the 25 MGD capaCity to $3 754 000 for 200 MGD capaCity at design
rate of 24 gpm/sq ft. o ‘ '

Estimated annnalvcost data ranges from $97i270'per yearlfor a
25 MGD capacity plant to $388,210 per year for a 200 MGD capacity
plant. Annpual treatment costs utiliZing the high rate filtration
process are due primarily to interest and amoritzation charges, and
are less affected vby the volume of combined sewer overflow to be

\treated annually.

These costs do not include disposal of waste screenings and
filter backwash Since the proposed system would discharge these to
the muniCipal sewage treatment plant.” Assuming an average of 200
mg/1l of solids removed and a combined sewer overflow treatment plant
operation of 300 hours per year, solids processing and disposal
costs incurred by the muniCipal sewage treatment plant could range
from 3 to 35 percent of the total annual charges for the combined '

sewer overflow treatment faClllty.

. DUAL PURPQSE bF UTILIZATION OF HIGH RATE FILTRATION PROCESS

" The selected media for combined sewer‘overflow treatment was
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also evaluated in terms of its capacity for polishing secondary
effluent under another research contract. Test data has confirmed
the applicability of this combined sewer overflow media to reducing

suspended solids, BOD, and phosphate to low residuals.

In Cleveland, the total duration of the overflows from the
combined sewer system is approkimately 300 hours per annum. This x
indicates the possibility of utilizing dual purpose treatment plants
based on the high rate filtration process. Such installations
would treat combined sewer bverflowé Wheh théy 6ccur, and in be-
tween such periods, for over 95 percent of the time, the filtration
process would treat other wastewaters‘dependiﬁg on fhe location of

the process.

For a high rate filtration process for combined sewer overflow
treatment located in the area of the domestic wastewater treatment
plant, the filtration process can be utilized for polishing the treat—‘
ment plant effluent as well as to protect the effluent guality

during plant overloading or process malfunction.

The economical benefits of such dual purpose utilization of

the high rate filtration process'should not be‘ovérlooked.
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Introduction

The problem of combined seWe} pveff]ows‘(CSO):Hes'been recognized
as a significant poT]ution prdb]em in recent years (1). Large
amounts of untreated po11utants find the1r way into our water
courses through this route. The abatement methods dealing with
this problem are sewer separation, storage, treatment, or a
combination of these. The cost of separating the sewers is
prohibitive and this method is not considered asran’economica1
solution to the problem. A great dea]kof 11teratﬁre has been
published since 1964 which describes the characteristics of (CS0)
(2). Based on the data pub11shed, it has now been estab11shed
that a major portion of the po]]ut1ona1 substances in CSO is
particulate in nature, This 1nd1cates that an eff1c1ent solid/
Tiquid separation_process can be expected to prov1de an effective
treatment of CSO. It was the m1ss1on of the Env1ronmenta1 Sciences
Division of Rexnord Inc. to deve1op an effect1ve and economical
sol1d/11qu1d separat1on process under a program sponsored by the
U.S.Environmental Protect1on Agency

A comb1ned sewer outfall near Hawley Road in the west- centra1
portion of Milwaukee, Wisconsin was selected as ‘a source of .
combined sewer overflow for the bench scale studies. This
outfall services a 495 acre residential area. It was determined
that approximately 42% of the area was impervious, i.e. streets
and parking areas, house roofs etc. 'The calculated value of the
runoff coefficient was 0.40 and it compares'we11 with the values
reported in the Titerature (3). The drainage area comprises of
mostly one and two family dwe]]ings«with an estimated density of
35 people per acre. ‘No manufacturing industries are located
within the drainage-area except some small business shops.

Bench scale tests were‘conducted.onv14 separate overflow samples
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to define the quality of the Hawley Road outfall and to evaluate
the various potentia1ktheatment processes. . The evaluatory tests
included screen1ng with. various sized media, chemical oxidation,
f1otat1on and’ d1s1nfect1on It was' determ1ned from these tests
~that chemical oxidation of the raw CSO d1d not appear technically
and econom1ca11y feas1b1e (4) Powever, the results of the
screening and dissolved-afr f]otat1on tests ‘were encouraging.
These tests served as the des1gn bas1s of a.5 MGD test facility
~at the Haw1ey Road outfa11 ut111z1ng screen1ng and dissolved
air fTotat1on c

Design of the Treatment System

~ The proeess’séhematic*bt theﬁphoposed treatment system is shown
in Figure 1. The raw. overf1ow is pumped from the sewer to a

" half 1nch manUa11y c]eaned bar rack. The’ purpose -of the bar

" rack is to remove’ 1arge obJects wh1ch may clog or damage the

" finer screen downstream. The flow then enters a 50 mesh
(approximately 300 micron) drum'screen. - The basic screen is
fabricated from mild carbon steel whilé the 'screening media is
a 304 stainless steel. The screen is'an octagonal shaped drum

with an effective diameter of 7.5 ft. and 6 ft. Tength. The
tota1 screen area 1s 144 sq. ft. with wetted screen area rang-
1ng between 72 and 90 sq. ft. depend1ng upon "the head loss

. across the screen. The design’ hydrau11c 1oad1ng for the screen

is 50 gpm/sq ft. and'a max1mum head 1oss capac1ty of 14 dinches.
The drum speed can be var1ed in the range of O 5 to 5.0 rpm.

Screened water is used'to‘backwash’the screen. The solids
which are removed from thé“3ckeen*are‘c011ected in a hopper and
are then routed to' the sanitaryQSeWerl‘ The screened effluent
is sp11t into two port1ons A major portion of the flow goes
d1rect1y to the f]otat1on tank wh11e the rema1nder of the flow
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(approx. 20%) goes to a pressure tank where it is mixed with
air under pressure (approx. 50 psi). The pressurized air-
water ‘stream is then brought into contact with the bulk of the
raw flow at atmospheric pressure in a m1x1ng zone. The dissolved
air comes out of solution in the form of t1ny bubb]es (50-100
micron size) in the mixing zone and these bubb1es attach them—
selves to the suspended matter in the waste water The mixed
flow then passes through a distribution baffle and into the
flotation tank where solid/1iquid separation occurs. The scum
which floats to the top is then scraped into a trough via skim-
mers and is routed to the sanitary sewer. The treated effluent
is discharged to the Menomonee River.

The main details of the treatment system are shown in Figure 2.
Flexibility was. provided in the design so that the flotation .
zone could be segmented for evaluating various hydraulic over-
flow rates. Chemical flocculants when utilized were added to

the raw waste as it enterad the drum screen or in the'pressurized
flow stream after the bressure reduction valve. Chlorine was
also added in the pressurized flow stream for disinfection of the
€S0. “The entire system was automated and.was put.into operation
by sensing a pre—setv1eve]'of the wasteé water in the sewer.

Operation of the Demonstration System

~ The system was operated on 55 separate combined sewer overflows
during 1969 and 1970. The quality characteristics of these over-
flows are seen in Table 1. About 20 ﬁercent of the overflows exhi-
bited theffirstvf1ush'phenohenon, which was either caused by high
rainfall intensity or a length of time greater than four days
between overflows. After the first flush diminished, the quality
of the overflow was remarkably constant for each storm. The 95%
confidence ranges for the extended overflows were only about 10-
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TABLE 1

COMBINED'SEWER OVERFLOW CHARACTERISTICS AT HAWLEY ROAD1

| | Extended
Analysis First Flushes? Overflow>
Total Solids (mg/1) 861 + 117 378 + 46
Total Volatile Solids (mg/1) 489 + 83 185 + 23
SS (mg/1) . 522 + 150 166 + 26
VSS (mg/1) 308 + 8.3 90 + 14
COD (mg/1) 581 + 92 1161 * 19
BOD (mg/1) 186 + 40 44 +10
Total KJe1dah1 N1trogen (mg/]) 17.6 + 3.1 5.5 + 0. 8
pH 7.0 + 0.1 7.2 + 0.1
Total Coliform (individuals/ml) 142 x 10° + 108 62.5 x 10° + 27

Dissolved COD/Total COD¥ - 0.34 +0.04 -
Ranges shown at 95 percent conf1dence 1eve1

Represents: 12 overf1ows

Represents 44 overflows.

Represents 34 overflows.

BwWw N =
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15% of the mean value as compared with 20-25% for the first flush
data. The dissolved organic fraction (measured as chemical oxy-
gen demand) was approximately one third of the total organic Toad
in the raw combined sewer overflow. This showed that a Targe por-
tion (2/3 of the total) of the organic pollutants was of a particu-
late nature which would be amenable to treatment via screen1ng/ ‘
dissolved-air flotation.

The variables evaluated during operation included hydraulic load-
ing and drum speed for the screening operation, and surface over-
flow rate, pressurized flow rate, operating pressure and floccu-
Tant dosages for the flotation system. The opt1mum operat1ng con-
ditions based on the treatment of 55 CSO are given in Table 2. The
optimum solids Tloading rate at a drum speed of 4.7 rpm énd a head
Toss of 12" was 1.2 pounds of dry solids removed per 100 sq. ft.

of screen area. This loading could possibly be increased by incr-

easing the allowable head loss differential. The hydraulic through-
put rate was in the range of 40-45 gpm/sq. ft. This rate again can

probably be increased. depending upon solids 1oad1ng It”was found
that no statistical difference could be shown in the remova] effi-
ciencies By increasing the pressurized flow rate up to.45 percent
of the raw flow, or by increasing the operating pressure to 60 psi.
A pressurized flow rate of 20% of the raw flow at 50 psi was recom-
mended for future designs. The air usage was approximately one
cfm per 100 gpm of pressurized flow. The overflow rate at

which removal efficiencies were satisfactory and the capital

cost still reasonable was 3.3 gpm/sq.ft. Floated scum con-
centrations generally ranged between 0.7 and 1.4% of the raw

flow. The chemical flocculants utilized during this study were
FeC13 and a cationic polymer (C-31, Dow Chemical Co.). The
selection of these chemicals was based on the results of a series
of bench scale jar tests. The optimum chemical dosages were

found to be 20 mg/1 FeC13 and 4 mg/1 of C-31.




TABLE 2

OPTIMUM OPERATIONAL CONDITIONS

Characteristics

| Operational Condition
Screening ' -
Backwash 0.7 - 1.0% raw flow
Head Loss 12 in. water
" Rotation Speed 4.7 rpm
Submergence 50 - 63%

Hydraulic Throughput Rate

Flotation

40 - 45 gpm/sq. ft.

[

Floated Scum
Pressurized Flow
Operation Pressure
Overflow Rate
Chemical Dosage
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- 0.75 - 1.41% raw flow

20% raw flow

50 psi

3.3 gpm/sq. ft.
20 mg/1 FeC13
4 mg/1 cationic polyelectrolyte




The performance of the 50 mesh screen alone is summarized in

Table 3. The pollutant removals (measured‘in terms of suspended
solids, volatile suspended solids, COD and BOD) ranged between
33-39% for the first flushes and between 26-34% for the extended
overflows. The slightly higher removal efficiéncies for the first
flush overflows is probably a result of the screenihg-fi]tration‘
phenomenon that occurs during these high po]]utant loading periods.

The total removal efficiencies for the combined screening/flota-
tion system are shown in Table 4. The pollutant removals ranged
between 35-48% without flocculating chemicals. However, the
removal efficiencies were significantly enhanced on the. addition .
of flocculating chemicals and ranged between 57-71%. Removals during
the first flushes were similar to the results for extended over-
flows with chemical addition. The average effluent quality exper-
ienced with chemical addition and that can be expected via
screening/flotation treatment is shown in Table 5. These values
compare favorably with many secondary sewage treatment efflu-
ents.

Future Design Considerations

The data presented so far had been based on the results of two
operational seasons, 1969 and 1970. Research was continued on
this treatment facility during 1971 to obtain additional design
data for the optimization of the Screening and dissolved-air
flotation processes in order to improve upon the effluent water
quality of the treated combined sewer overflows.

Laboratory bench scale tests have indicated that changing the
split flow mode of disso1ved—air flotation to effluent rebyc1e
mode of operation may enhance the effluent water quality signi-
ficantly. This change may require the oﬁeration of the flotation
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TABLE 3
PERCENT POLLUTANT REMOVALS BY SCREENING*

Characteristics ©  First Flushes Extended Overflow

ss 136 + 16
V$S ' .37+ 18
' COD o 39 + 15
BOD 33417

* Values giVen‘at the 95‘pércent confidepce Tevel.

TABLE 4 :
PERCENT POLLUTANTS REMOVALS BY SCREENING/FLOTATION TREATMENT*

) Extended Overflows
- First ' Without © With

Charaéteristic : - Flushes Chemjcals Chemicals

e e

$S . 72+6 43+ 7 71+
vss ¥ 6 o 48 + 11 71 +
“con | +6 o 41 + 8 57 + 11
BOD 55+ 8 h 35 + 8 60 + 11
Nitrogen (total '
Kjeldah1) 46 + 7 | 29 + 8 24 + 9

* Values shown in a 95 percent confidence range.
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TABLE 5 | |
EXPECTED AVERAGE EFFLUENT QUALITY AT HAWLEY ROAD

. | . :Va_Tue‘ )
Analysis o o (mg/1)
55 f - - as
VSS | o ‘, 3
coD .' : o '59 '
BOD o 20
Nitrogen (tota}lKje]dahT) ‘v 4.2 )
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system at reduced overflow rates and could therefore increase the
flotation area requirements by approximately 20%.

Also, severa1 other chemfcaltf]occu]ant‘combinat1ons have shown
promise over the ferric chloride - C-31 po1ymer combination uti-
lized during the 1969 and 1970 operat1ona1 seasons. Use of pow-
der activated carbon along with screen1ng/d1sso1ved -air flotation
has also shown some merit. The economics of these concepts for

an optimum cost benefit relationship still need evaluation. These
‘evaluations are a part of the proposed mod1f1cat1ons to the Hawley
Road treatment facility. It is ant1c1patedathat these consider-
ations will be evaluated on the modified Hawley Road treatment
faCi]ity during the 1973 operational season.

Racine Root River Project

Encouraged by the prom1s1ng results of the Haw]ey Road demonstrat1on
fac111ty, a search was made to f1nd a site where the feasibility

of utilizing screening/dissolved- -air flotation could be demonstrated
on a full scale for the treatment of combined sewer overflows. The
City of Racine, Wisconsin was 1nd1cated to be an ideal site for

such a project. Racine is a c1ty of approx1mate1y 100,000 people
located on Lake M1ch1gan, approximately 30 miles south of Milwaukee.
The Root River, a stream hav1ng a mean annual discharge of approxi-
mately 100 cfs flows through the c1ty and serves as a receiving body
for runoff from much of the northern half of the c1ty There are
approximately 700.acres of land having combined sewer systems in this ‘
area. In the 3.7-miles of Root River through the city, there are

36 combined sewer overflow points and 17 storm water discharges to

the river. It was estimated that the cost of separation of the

existing combined sewer areas in Racine would be 10-13 million

dollars. The estimated cost of installing the screening/dissolved-

air flotation treatment plants at the various outfalls was 4

141,

S

‘Two fu]] sca]e SDAF systems have been 1nsta11ed in Rac1ne for
treatment of comb1ned sewer. overflow . The design criteria for
each of the var1ous e]ements is shown in Tab]e 6 .The systems

have been des1gned for comp1ete1y automat1c startup, operation
and shutdown

The two systems are s1m11ar 1n funct1on and d1ffer on]y in
des1gn capac1ty A schemat1c d1agram of the larger system 1s‘
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million dollars. Thus s1gn1f1cant savings were evident in go1ng
for the screening/dissolved-air flotation route for ‘the treatment
of combined sewer overflow prob]em in the City of Rac1ne )

In April of 1970 a grant app1icétion was submitted to the U.S.
Environmental Protection Agency. Under the terms of th1s proposa]
the funds would be rendered by the federal government State of
Wisconsin, and the City of Racine. The technical approach proposed
for meeting the project objectives includes the following elements:
L. Quantitetjyeomeasurementkqf;the‘effects,nfvineaiiﬁa;giamm_ewwwmﬁém_‘

TABLE 6
DESIGN CRITERIA - SCREENING/AIR FLOTATION TREATMENT SYSTEM
RACINE, WISCONSIN

Item ’ Site #1 ~Site #2

Contributing area (acres) : 82.5 364.2
Design Storm Intensity (inch/hour) 0.5 - 0.5
In-Sewer Storage (gallons) -- 600,000
Design Flow for Treatment System (MGD) . ' 44,4

Bar Screens

Mechanically cleaned and located
Just Upstream of Pump Sump

Drum Screens

Parallel Operation, automatic
bypass to flotation tanks should all
screens clog

Number of screens

Length (feet)

Diameter (feet)

Filter Media Stainless Steel -
50 mesh, .009 inch wire
Screen Backwash flow gpm.
(when opeérating)




"~ - - TABLE 6 CONTINUED -~

Item ‘ Site #1

F1otatiqn.5ystem‘

Operation - Each tank reaches 70%
©+ . maximum flow before the next tank is
< put into use.

Number of tanks . 3
Surface overfiow rate - gpm/ft2 7 3.5
. Pressurized flow - gpm/tank - = .. . 650
Scum Removal - fimer controiled . :.
Surface skimmer to scum trough -
Screw conveyed to sludge holding tank

Chemicals

Chlorine - maximum concentration mg/1 20
FeC]3 - maximum concentration mg/1 25

Polyelectrolyte - concentration
::Dependent on specific polyelectrolyte

Sludge Storage

©..1.5% of design flow for 3 hour duration.. -

Volume - cubic feet 3,500

Disposal to sanitary sewer by gravity
Drain following storm
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shown in Figure 3. Upon sensing a high level in the overflow
sewer, the system is placed into operation. Raw overflow enters
the plant through a mechanically cleaned bar screen located in
the wet well. A by-pass weir is provided for storm flows in
excess of the design capacity. Flow entering the wet well 1is
pumped by means of a spiral screw pump through a Parshall flume
and into the screening chamber. The output of the flow recorder/
totalizers are used to provide a proportional signal for pacing
the chemical feed equipment. Ferric chloride is added to the
wastewater upstream of the screens. Chlorine and polyelectrolyte
are added downstream of the screens.

Each of the drum screens is equipﬁed with 50 mesh stainless steel
screens. The screens are backwashed at a preset headloss level.
Solids removed on the screen are conveyed to a sludge holding tank
by means of a screw conveyor which runs along the head end of the
flotation tanks.

Effluent from the drum screens is diverted to the flotation tanks
by means of a series of weirs and orifices. The inlet system 1is
designed so that the tanks are filled in series. This enables the
utilization of only as much tankage as is actually required by the
storm flow. Screened effluent is used as the source of pressurized
flow.

Scum produced in the air flotation tanks is skimmed to the head
end of the tanks where it is conveyed to the sludge holding tanks
by means of a screw conveyor. ATl sludge generated during a '
storm is held in the holding tanks until after the storm subsides
and then is discharged to the interceptor sewer. At some future
date it may prove fruitful to provide onsite dewatering facili-
ties rather than return the concentrated sludge to the sewer
system.
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The flotation tank effluent which has been chlorinated will be
discharged directly to the Root River.

Following a storm all of the sludge, as well as the contents of
the flotation tanks will be discharged to the adjacent sanitary
interceptor sewer. The system will then be ready for the next

storm. '

Special Considerations

Certain special considerations have been made in order to insure
optimum use of the system. A floodgate was installed in one of
the overflow sewers tovpfbyide approximate]y 600,000 gallons of
in-system storage. This storage capacity will be utilized when
the treatment faci]%ty reaches full capacity.

In addition, the system has been equipped to be completely self-

draining. This will enable use of the system during peripds of
snow melt and cold weather. A roof has also been provided to
prevent floc breakup during heavy rains..

Costs

The cost for the Racine SDAF system is $30,000 per mgd installed
capacity. A detailed cost breakdown is given in Table 7.

Racine Program

A two year system evaluation and optimization is scheduled to
begin on April 1, 1973. The intent of this program is to fully
evaluate the installed facility, validate the EPA Stormwater
Management Model and determine the effect of the sysfem on water
quality in the Root River.




TABLE 7

COST OF SCREENING/DISSOLVED AIR FLOTATION"

Capital Costs

Cost per MGD Capacity
Cost per Acre*

* Based on 0.5"/hour runoff rate

Operating Costs

Power
Chemicals
“Maintenance
' a TOTAL

Based on plant capacity of more than 30 MGD
and 40 hours per month operation.

© $30,000
~$ 3,900

:u¢/1000 gallons

-0.54.
2.51
0.04
- 3.09¢/1000 gallons
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SECTION VIII

HIGH-RATE DISINFECTION OF

~ COMBINED SEWER OVERFLOW

by °
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The bacteria content of combined sewer overflow has been reported to
be as high as 30 million total coliform/100 ml énd 3 million fecal coliform.
These levels are 1,000 to 10,000 times the allowable concentration in
secondary effluents and similar restrictions have been considered for combined
sewer overflows. The techniques used to remove suspended solids have

in themselves no ability to remove or kill coliform. Thus bacteria kills of

3 to 4 logs (that is, 99.9% to 99.99%) are required as a separate operation for
combined and separate sewer ove;*flows . |

As reported by others (1) (previous speakers) it may be possible to
achieve a suitable bacteria kill with high chlorine dosages within certain types
of solids removal devices so that no separate contact chamber will be required.
Considerable more work needs to be done over a broad range of flow rates before
the proposed advantage of dual use of this volume cah be utilized on full scale
plants. It is anticipated that required bacteria ];ills may not be obtained at.

low flow rates.

The special design considerations required to cope with the very high
instantaneous overflow rates previo{lsly mentioned (thisl morning) for removal
of suspended solids and organic matter hold for thé disinfection equipment
as well.
Conventional chlorine contact chambers installed at sewage plants
are sized to provide 15 to 30 minutes detention which would require considerable

area (about 1 acre per 250 acres drained at 1.0 ofs/acre). Operating close to
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their design rate as determined by the 2 to 1 diurnal flow variation, these basing,
as ofteﬁ as not, ‘f‘ail to. aChieve the fequired baéteria kills. During the initialv
filling, these sewage contact ch'am,bers do not, and are né)t expégted to, perform.
A contact chamber.sized to’'provide 15 mi‘nutes residence for a peak stormwater
overflow'x:ate:.wduld never be filled to its operating leyel dufing‘ most storms.

The operak’;:'i.on ‘of donvériti’oﬁal 15-30 minute contact chambers in combined

sewer ove'rvflow‘ would be:' anéérfain at ,best. ,

Our work on disinfeétéoh as weli aé thé -work of others (2) (3) was
pefformed in pilot size contact chambers at a constant flow rate. That is, these
chambers have nof been tested at the wide (20 to 1) vari'ationsv in overflow rate
anticibated for a full 'scaivev'chaink.)ef in étormwéter service. As will be seen
later, the ass:'umption"that pérforrﬁanc':é of a contact chambér will be as good,
if not bétter, at lower flow.ratesr as it is af the higher rates is questionable
even though the contact tirﬁe is longer.‘ | | |

We have made five disinfecfions of combined sewer overflow while the
storm was in brogress_ . Wﬁe.‘achieved 99.99'%-k:.111 (4‘Alogs) witﬁ chlorinerl
dosages (10 ppm) in 120 seconds. The flow rate through our units - we have
two identical units - was 20 gpm. In every case, both total and fecal coliform
were reduced to below 10 cells/100 mi. This p;rformance was obtained on both
the réw overflow before Microstrafning and the micfostrair;ed effluent. The
3 minute chlorine demandwés xsurp;‘isingvly ﬁniform at about 3 ppm for the
microstrained effluven‘t and soméx}vh’atrhigh‘er for the raw stormwater.

One of these chambers ils.sh:own in Figure 1. They were designed to
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Figure 1

Intensely Mixed Chlorine Contact Chamber

il
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ensure fchat the hypochlorite waé promptly apd Well mixed with the stormwater.
More important, or equally important, they Were designed to ensure a hiéh
degree of small eddy turbulence in the passages of the contact charﬂber.

- We éttribuj:e the extraordinafily high kill rate of these chamber; to
the tj.lrbulence during confact tiine.'

The very recent literatq.re (Cbllins iet al (2), Kruse et al (3) and
the Dow work (4) ) reports serverarl iﬁstances of laboratory studies on sewage
and stormwater disinféétion where similar extraordinary kill rates have been
observed. Exémination of the épparatus and the procedure used in these
studies reveals that very high turbulence existed during these studies as well. |
In one case - a beaker study by Kruse et al (3) ;A Ahigh stirring rate was

used to demonstrate the ‘ad‘van’cage' of bror’npt and thorough dispersion of the
cthrine.‘ Very high (4 - 5 logs) kill rate of bacteria was observed in
2 minutes when the fast s‘ti;ring rate (i.e., "fast mix") condition was sustained
throughout the whole s’cudy; v‘Much pborér ‘perfofmance (only 1 -2 iogs in
2 minutés) was obtained'ét .the‘s'ame‘ dosage' when the more normal miking
regime of a few secon&s faét mix folléwed by 15 rﬁinutes slow rﬁix W’as used.
it is of great imbortance kth‘at',in this sttidy,%;irué were killed at high rate under:
the sﬁstained fast mix condition for a‘vfeyv minutes whereas there warsvmini‘mal . '
virus kill even with prolbnged_ stio’w mixing. |

;In the case of ’thAe‘Dow EPA (4)_: 's.tudy,a lpné 1,500 ft tube was sell‘erctéd'
as a r'flow >thru contact chamber.. ,I‘hvi'svyvcépnfinglrativon Waé apparently selecéec.i

to permit precise collection of samples after a specified contact time and to

157




a collision during the operatior.

Several studies (7) (8) have shown that the reduction of ihe inumber of
particles (i.e., the formation of a single par;cicle ‘from two colliding particles)
is proportional to the GT product in secondary effluent flocculation. Special
hardware has been developed to enhance the flocculation of sewage-like
solids (9). ‘Design and calculation methods have been developed so that the
mixing intensities as measured by velocity gradient éan be controlled in‘the
laboratory (10) (11) and also reproduced in full scale equipment (12).’

The application of this already'developed mixing intensity technology
to disinfection has been proposed by the writer (13).

The following will be a description 'of (a) the performance of the pilot
units, (b) the preliminary design scheme, and ()} 6f a 92 cfs chamber designed
according to this scheme.

Figure 2 shows the results of our dis,infection‘ studies to date on
combined sewer overflow in an intensely mixed chlori}}e contact chamber.

The kill is shown as the surviving fraction of,the total coliform on a 105 scale.
Note that almost 4 logs (99.99%) are obtained with 10 ppm dosage at GT of
5,000 (2 minutes at G = 40). The contaclt time—mixiﬁg intensity scale is
dimensionless. It is based on fhe nominal contact time; that is, the volume
of the chamber divided by the thruput rate and is not corrected for short
circuiting. The value of 9,500, for example, is the product of the G = 40 sec-l

velocity gradient times 240 seconds (4 minutes) nominal contact time.

For comparison, the velocity gradient in the contact chamber of a local




1076

1075

073

1072

1074

161

Hll (i f.““‘l'l | “HH ““Hi | _“ll‘ll! ’ 3
o 5 o b o @ o
-~ L swsmvsuo ONIAIANNS
- o TS , - 40 NOILOVYS
o & &
o - .ou
€y 27
€ o gu
£ o5 o
wn - om
a0 e

‘ GT
FIGURE 2




sewage plant was calculated from observed velocity and head loss and found

1

to be about 6 sec ~. The nominal residence time in this bhamber was 1,800

seconds (30 minutes) and the GT product then was 10,000. It might bé noted
here that the nominal residence time is used although it has been shown (2){
(14) thatthe true residence time is often considerably less due to shoft
circuiting. Preliminary studies have indicated that the use of a true residence
time would improve this scheme but this refinement has not beeny incorporated
yet.

The design objective for our pilot chambers was to achieve a GT of
10,000. We arbitrarily selected 240 s‘econds' (4 minutes) as the residence

1

time T so that we needed a G of about 40 sec™ ~. The velocity gradient is

defined (G) as:

G = |Energy Dissipation Rate/Volume 172
Viscosity

R

For open channel flow, it has been shown (12) that:

Vviscosity-¢

G= 1730 -\f Velocity-fps x Channel Slope ft/ft (Eq. 1)
p

The viscosity is known from the bwest temperatufe to be considereq in the
design; e.g., l.4 centipoise at 45° F.

The velocity can be arbitrarily selected at some level between 0.25
and 1.5 ft/seq or possibly higher. The volume of the chamber has already
been determined by the selected nominal residence time so that now the

velocity selection also fixes the path cross-sectional area and path length.
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The depth of the Achamber-can now be selected based upon usual
considerations of soil condition, and land cost, ete., although as will be
seen later, shallower depths than usual are preferable .‘ 'I‘he remaining problem
is to ensure that the required slope is obtained. The required slope is |

calculated from Equation 1, The slope in open channel flow can be calculated

by Mannings' equation:

' 7 ) n 12 .];4/3 R R | B
Slope = (Velocity) 1.49 RIL- ., , (Eq. 2)

where "n" is a factor relating to the obstruction to flow of obstacles at

walls and within the channel. This factor is historically called a "roughness
‘factor“ and the numerical value found in hydraulics handbooks is 0. Oll for -
steel or neat concreté and 0.03 for the situation where corrugated »metal'froms
the wall of a channel whose w1dth is ‘several hundred times the corrugation
height. For our purpose, this oould be con51dered a turbulence promotion
factor. Work is in progress to determine the effective turbulence promotion
effect of corrugated baffles in narrow passages where we believe it to be at |
least twice the O 03 value given above.‘ The effect for other.c onfigurations
is being studied as well. The term "roughness factor" will be used until a more
appropriate’ term is coined.

The hydraulic radius "R" is the ratio of the cross~-sectional area of
the passage in ft2 to the wetted perimeter in feet. |

Since the velocity has been fixed and the required slope calculated,

only the roughness factor relating to-he type of wall and/or baffle surface

and the hydraulic radius relating to the wall area parallel to the flow path
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can be governed by the designer.

The combined effect of these two variablés is calculated from
Equation 2.

For illustration in Piguré 3, corrugézted baffles parallel to the path are
shown. In this simplified sketch, the significant dimensions are’shown.
The passage width is fixed by the selected velocity and channel depth. The

number of the parallel baffles inserted determines the hydraulic radius. The

roughness factor is determined primarily by the surface of the baffle material

selected.

In spite of the undeveloped state of this design scheme ,‘ we were able
to produce a chamber within 6% (9,400) of the design target (lO,iOOQ), on our
first attempt. Also, additional baffles can be easily inserted at a later date .
if requireéi. |

This design scheme vyields considerable insight to the evaluation of
the performance of existing and future confact chamber‘s . The disinfection
performance has been shown to be a function of the GT parameter. In
conventional chambers the outlet weir is located near the design rate watejxf:
level so that the water volume is nearly constant at all flow rates. As can be
seen by Equations 1 and 2, the G varies as the (velocivty)l' S, With constant
liguid level, the T varies as (1/velocity), thus the GT parameter will vary
as the (velocity)'5 or with (flow rate)*®. This poorer performance at reduced
flow rate would escape attention under relati{/ely constant rate conditinons in

a sewage plant. However, under the widely variable rate conditions met in
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combined sewer overflow service, it must be considered. The use of a Sutro
weir has been proposed to maintain a constant veloéity at all flow rates.

A 92 cfs (60 mgd) Intensity Mixed Chlorine Contact Chamber has been
designed. This chamber was designed to follow a microstrainer facility wit‘h‘

46 cfs treatment capacity and an additional 46 cfs bypass capacity. The |
chlorine contact chamber was designed to have 120 s‘evcor'ld‘s residence time at

the 92 cfs rate and, since a Sutro weir is used the residence time at less than

the 92 cfs rate will be about 120 seconds also. The vélocify is »1‘5 ft/sec and the
amount of baffling and its configuration is such to yield a velocity grédient |

G of 40,as in our pilot plant.

.‘I‘he chamber is 40' by 40' and has an average liquid depth of 7' at |
maximum flow. Internal walls form a labyrinthine-like passage of 8'in width
and produce a velocity of 1.5 ft/sec. The internal walls are faced with a ,
commercially available corrugated asbestos siding having 1-1/2" deep
corrugations. | .

Two additional corrugated panels are rhounted.as parallel baffles in the
channels forming 32 inch wide passages . The baffles extend from liquid level
to within a foot of the floor. Ideally the floor would be similiarly corrugated.
but this is not necessary. The head loss throu‘gh the chamber ét peak flow
is about 8 inches. (See Figure 3)

The inlet to the chamber is equipped with a 3 hp mixer sweeping an
8' x 8! section of the channel (about 5 ‘se<‘: residénce time). A mixer of thié _

o

horsepower should be able to impart 1 hydraulic horsepower to the water to
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enduce a mixing inteneity of about 200 se{c"1 in this .450 ft3 volume, which
should be edeqﬁate for thoroughly miXing the chlorine chemicals. Such a .
preyisioﬁ for mixing of chemicals is incomparably superior to the methods
usuell;z us:edAin sewage plants. The mixer should be of sueh a type that it
can operate at varying water levels from 7' down to 1°.
. The bqtlet of :‘the chamber should be fitted with e relatively narrow ‘
outlet weir ‘placed as 19w as the available outfall head will allow, preferably
B at the l?ottom. Further, _the outlet weir should bek. of the Sutro type to maintain
the velocii:y in the cha-mber, at less than peak rate, as near the peak rate
velocity as p0531b1e. A Sutro weir at the bottom w;Lll maintain peak rate
v ve10011:y at all flow—thru rates. In the event the allowable outfall head will
not permlt placmg the weir at the bottom, a small pump must be provided to
empty the chamber at the end of the storm.

The installed cost of such a chamber has been calculated to be about
$53, 000 (in 1969 dollars) less the cost of land, ‘engineering and profit (l) It |
is difficult to compare costs developed by different estimators. However, this
cos'.t can be compared to thevdata'developedv by Smith (15) of $25‘,000 .fo;* an
$11, 000 ft3 basin, which is the volume of the basin dre'scgibedebove. Also,
it can be compared to Smith's estimate of $90,000 for the 81,000 ft3 chamber
requlred to provide 15 minutes res1dence for 60 mgd in a conventlonal chamber.
| The inherent advam;.age of increased turbulence economically induced in
this type of installation to ehhence vrerac'tAion :rates can be used in many situations .
An ob\}ious example would.‘ be ’éo use 1t1n chlorine contact chambers at sewage

plants with savings in construction cost, land, and the advantage of high

virus kill.and reliable bacteria kill.
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A report by the American Poblic Works Association published.
in 1970 gavé the results of a study of combined sewer overflow regulator
facilities. Design, performance and operation and maintenance experiences
from the United States and Canada, and in selected foreign countries’
were reported. It was evident that North American practice has
emphasized the design of regulators simply as flow splitters, dividing
the quantity of combined sewage to be directed to the treatment
facitilities, and the overflow to receiving waters. Little consideration
was given to improving the quality o‘f the overflow wastewater.

‘ Using hydraulic laboratory tests and mathematical modeling
strongly we have determined that it is pos51b1e to remove significant
portions of settleable and floatable solids from combined sewage overflows
by using a swirl concentrator. The practical, simple structure has’
the advantageo of low capital cost; absence of primary mecbanical.parts
should reduce maintenance-groblems; and construction largely with inert
material should minimize corrosion. Operation of the facility is
automatically induced by the inflowing combined sewage so that operating
problems normal to dynamic regulators such as clogging will be very
infrequent. ‘

The device, as developed, consists of a circular channel in
which rotary=motion of the sewage is induced by the kinetic energy of-.
the sewage entering the chamber. Flow to the treatment.plant is deflected
and discharges through an orifice called the fool sewer outlet, located
at the bottom and near the center of the chamber. Excess. flow in storm
periods discharges over a circular weir around the center of the tank
and is conveyed to storage treatment devices as required or to receiving
waters. The concept is that the rotary morion causes the sewage to , .

follow along a spiral path through the circular chamber,
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A free surface vortex was eliminated by using a flow deflector,
preventing flow completing its flrst revolution in the chamber from
merging with inlet flow. Some rotatlonal movement remalns, but in
the form of a gentle swirl, so that water entering the chamber from the
inlet pipe is slowed down and dlffused with very little turbulence. The
particles entering the basin spread over the full cross sectlon of the
channel and settle rapidly. Sollds are entrained along the bottom,
around the chamber, and are concentrated at the foul sewer outlet,

' ‘ Figure 1, Isometric View of Swirl Concentrator, deplcts the
final hydraulic model layout showing details such as the floatables
trap, foul outlet and floor gutters. ‘

The swirl concentrator may have practical applicatlons as a’
degritter, or grit removal dev1ce for sanitary sewage flows or separate
storm water discharges of urban runoff waters. It may have capabilities
for the clarification of sanitary sewage in treatment plants, in the
form of primary settllng or, possibly, final settling chambers. It
-might be used for concentrating, thickenlng, ‘or elutrlatlng sewage
sludges. It may be serviceable in the separation, concentration and
recycllng of certaln 1ndustr1al waste waters, such as pulp and paper
wastes or food processing wastes, with reuse of concentrated SOlldS and
recirculation of clarified overflow waters in 1ndustrlal proce351ng
closed circuit systems. ; '

In water purification practices, it may find'féasible‘ _
applications in chemical mixing, coagulation and clarification of
raw water. Other uses may prove to be realistic .and workable.

Complete reports descrlblng the hydraullc 1aboratory study
and the mathematical modeling are included in the report EPA R2-72- 008
September 1972, published by USEPA The body of the report details the
basis of the assumptions used to establlsh the character and amount of
flow to be treated and the design of a swirl ‘concentrator based upon
the hydraulic and mathematical studies. 7 ',

Although the study was performed for the Cit&'of Lancaster,
~ Pennsylvania, with a specific point of*apulication‘defined, all work

was accomplished in a manner'whiCh.allows‘ready translation
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application of the results to conditions which might be found at other
installations and for other purposes.

Consideration of the use of - a swirl concentrator as a combined
sever overflow regulator facility requires an evaluation of many factors
which include:

1. hydraulic head differéntial between the collector

and 1nterceptor sewers and head avallable in collector
- sewer to allow insystem storage'
« ‘hydraulic capac1ty of collector sewer;
. design flow; ‘

. dry—weather flow and capacity of interceptor sewerj and

oW

. amount and character of settleable solids.

Although many of these items have been mentioned in the
preceding sections of the report, the importance of each will be
highlighted in order to empha31ze the importance of each point in ‘a
preliminary evaluation of the use of the swirl concentrator.

Hydraulic Head Differential. There must be suff1c1ent

hydraulic head available to allow dry—weather flows to pass through the
facility and remain in the channel. The total head required for -
operation is shown in Figure 2, Hydraulic Head Requirements. Determination
of the maximum elevation in the collector sewer that can be ntiiized for
insystem storage and the dlfferentlal elevation between ‘the collector

and interceptor sewers is the total available head.

The head required will vary directly w1th flow and the;outlet'
losses in the foul sewer.

If sufficient head is not available to operate the foul sewer
discharge by gravity, an economic evaluation would be necessary to
determine the value of either pumping the foul sewer outflow continuously,
or pumping the foul flow during storm conditions and bypassing the swirl
concentrator during dry-weather condltlons, perhaps with a fluidic

regulator.
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FIGURE 2

HYDRAULIC HEAD REQUIREMENTS

Hydraulic Capacity of Collector Sewer System. The facility

must be designed to handle the total flow which might be delivered by °
the collector system. Thus a study of the drainage area must be made

to determine the limiting grade and pipe sizes which control the quantity
of flow. Solids removal from a peak flowrate may not be required.

If the chamber is not designed for such maximum flows, however, velocity
energies which could be developed at such full flow conditions should

be avoided by providing a bypass in the form of a side overflow weir.

Design Flow. Selection of the design flow for sizing the
chamber should be accomplished on the basis of a comﬁlete hydrological
study to determine frequency and amount of'preqipitation which can be
anticipated as well as runoff hydrographs. Computer models such as
developed by the University of Florida for USEPA can be of assistance
in determining the solids load which may be associated with various amounts
and intensity of precipitation. Provision of maximum solids removal for
a two-year frequency storm for the Lancaster, Pennsylvania, project was
made on the basis of engineering judgment and an evaluation of local
receiving water conditions. As the cost of construction will increase
in direct proportion .to design flow, an economical evaluation should

generally be used to select the flow capacity‘. The efficiency curve
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for the fac111ty is.rather flat over a wide range of flows, resulting
in perhaps large increases in cost for marglnal 1mprovements in’
efficiency.

A major constraint in selecting 1arge‘design'flovslgs‘the
anticipated shoaling problems of solids at)low rlowyratesvin large
facilities. Self cleaning is ‘enhanced by reduced diameters. ThlS
consideration may make it desirable to des1gn for lower flows,
particularly where some form of" -overflow treatment is to be provided.
Again the computer model can be’ used to determine the magnitude of
the solids carry-over problem to the secondary device. -

A third consideration is the maintenance of Low-inflow
velocities, with turbulence minimizeer At the design flow the‘inflow
velocity should be in the range of three to five fps. The inflow " "~
velocity may require reduction by enlarged pipe sections or other

means to achieve this rate. .

.Dry Weather Flow:and Capac¢ity of Interceptor Sewer. "Sizing.

.0f the foul sewer, the foul outlet and the gutter .depend upon a.

..determination of the dry-weather. flow in addition, the capacity of ithe

interceptor .sewer. to handle the foul flow.must be known. , The foul sewer

mustvberlarge enough to maintain and not be subject tolblockage—:-v

: usually a minimum lZ-inch diamter, However, ‘the head on the outlet

durlng overflow conditlons w1ll allow cons1derable variations 1n the‘l
foul dlscharge if it is not controlled o

'A The eff1c1ency of the chamber is affected by the ratlo of f'
foul flow to overflow-——although there appears to be a broad operatlng
range over which reasonable removal eff1c1enc1es can be malntalned

Max1mum advantage should be taken of capacity in the interceptor

system, particularly durlng the perlod when the chamber is belng drawn
down. Thus, sen51ng 'of the flow in the 1nterceptor and the use of ‘a’
control gate on the foul sewer appear desirable to obtain maximum results

from the use 'of thé chamber.
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Amount of Character of Settleable Solids. The sewer system

must provide capacity to handle the increase in settleable solids which
will be captured from the combined sewer overflow and discharged to

the treatment plant. In the case of Lancaster, Pennsylvania, this
could amount to more than a ton of solids from one device in a very
short period of time. Additional grit removal and sludge processing
equipment may be necessary. Should the foul flow be pumped, sumps and
pumps should be designed to handle the anticipated high solids content.

If the settleable solids which can be anticipated in the
combined sewer overflow can be defined by the amount, specific gravity,
and particle size, the mathematical and the hydraulic model may be
used to determine the size of the chamber required to achieve desired
levels of solids removal. Ordinarily this will not be feasible and
the flow criteria developed by the hydraulic model will be used to
design the facility and predict removal efficiencies. .

In order to evaluate the efficiency of the chamber, facilities
should be provided for sampling the inflow, foul sewer flow and overflow.
Settleable solids should‘be delineated in all of these flows. The
quantity of inflow and foul sewer flow should also be measured.
Difficulties in obtaining representative samples from any of the flows
may make evaluation difficult. However, the treatment plant or
combined sewer overflow treatment facility , if used, should provide an
excellent means of making a gross evaluation into the effectiveness
of the chamber. '

Provision of a means to measure the depth of flow over the
weir should act to give a reliable measurement of the flow when added
to the quantity of flow to the foul sewer.

Data from many full-scale operations, operating with various
flow conditions and solid loadings will be necessary to properly
evaluate the usefulness of the swirl concentrator as a combined sewer

overflow regulator.
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Cost of Facility. The cost of construction of the swirl

concentrator will vary with the length of inlet pipe whlch must be ‘
reconstructed, the depth of the chamber and the nature of the material
to be excavated, the need for a roof, and the general site conditions
under which the work will be conducted. ' The materials of construction
will usually be concrete and steel and elaborate form work w1ll not,
be requlred

For the Lancaster, Pennsylyania, appliCation where a v
36 foot diameter chamber in limestone‘is contemplated, the pféliminary
estimate of cost was $100,000 in 1972 costs. This cost estimate 1ncluded
a roof foul sewer outlet control and a wash-down system. Slte
construction problems are minimized in as much as the construction will

.be off of the street right-of-way.
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1. INTRODUCTION

A. COMBINED AND STORM SEWER OVERFLOWS

An enormous pollution load is placed on streams and other
receiving waters by combined and separatge storm sewer overflows.
It has been estimated tﬁat the total pounds of pollutants (BOD
and suspended solids) contributed yearly to receiving waters by
such overflows is of the same order of magnitude as that released
by all secondary sewage treatment facilities (Gameson and Davidson,
1964; Field and Struzeski, 1972). The Environmental Protection
Agency (EPA)‘has recognized this problem and led and coordinated
efforts to develop and demonstrate pollution abatement 'procedures
(Field ;nd Struzeski, 1972). These procedures include not only
improved treatment and storage facilities, but also possibilities’
for upstream abatement alternatives sucﬁ as rooftops and parking
lot retention, increased infiltration, improved street sweeping;
retention basins and catchbasin cleaning or removal. The com-
plexities and costs of proposed abatemept procedures require that
care and effort be expended by mﬁnicipalities and others charged

with decision making for the solution of these prbblems..

B, THE STORM WATER MANAGEMENT MODEL

It was recognized that an invaluable tool to decision makers
would be a comprehenéive mathematical computer simulation program
that would accurately model quantity (flow) and quality (concen-

trations) during the total urban rainfall-runoff process. This model




wouid not‘only provide an accurate representation of the physical
syétem, but also provide an opportunity to determine the effeet‘of
probosed poIlution abatement procedures.. AlternativeSweould‘tnen
‘be tested on the model and ieast cost solutions could be deVeloped

As a result, the Unlver51ty of Florlda ur), Metcalf and Eddy,f
Inc., Engineers (ME) and WEter Resources Engineers (WRE) were -
awarded a joint contract for the development, demonstration and
verification of the Storm Water Management Model (SWMM) The re;
sulting model, completed in October, 1970, has ‘been documented
(EPA 1971a, b, ¢, d) and is presently belng used by a varlety
of consulting firms and universities., .

The present SWMM‘is‘descriptine,in’nature and will model most
urban eonfigurations encompassing rainfall, runoff, drainage,
storage-treatment, and receiving,watetS. The major compenents of
‘the:SWMM are iliustrated in figure 1-1, Homevei, it does not
define nordetermine any decisions for the system or coneider alter-

native methods for efficient'economic_cqmparisons.

DECISION MAKING

In recognltlon of thevneed for improved decision making
capabilitles, the Univer51ty of Florida.submitted a proposal to EPA |
titled YA Decision Making Model for the Management of Storm Water .
Pollution Control" in which it was intended to provlde a sys-—

" tematic procedure Which.could:be applied to a wide variety of"
_specific circumstances in support of intelllgent management decisions.'

The work required to obtain a least cost solutlon would be considerably
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reduced by meanS”of”determining the origin of the most‘Sevefe“"”;”
pollution load, cons1derat10n of all upstream and downstream pol—f
lution abatement procedures and associated costs, and through the N
possible use ofgmathematlcal optlmlzatlon techniques.

The project was funded aszart'ofranvEPA,bemonstration
Grant to Lancaster,“Pennsfivania,(Federal Grant No. lleBGSCi,

in which an underground "silo{?lawswirl,concentrator and a micro—

strainer were to be 1nstalled at the outfall of the Stevens Avenue

G s . - [ O

Dralnage Dlstrlct to control overflow 1nto the Conestoga Creek
h(detalls are presented in the next sectlon)

Results of the dec1s1on—mak1ng methodology and other\aspects
'of'the research have recently been formulated (Heaney and “Huber, -
1973) Decision-making for urban‘storm’waternmanagement is
presented in the broader context of urbandwfterﬂresources management.
Pollution sources and control options are inventoried and accompanied
by economic data,"'Performance standards‘are'considered and the
‘.1mportance of automoblle—related facilltles (e ges streets, parklng

ilots, curbs and gutters) as contrlbutors to storm mater pollution
“and quantltyﬂ}s,emphasized. Finally,'a,linear programming and game
theory approach is used to develop efficient“and equitable control
strategies. L |

This paper presents an overv1ew of the  SWMM byllllustratlng its
use in Lancaster, the follow1ng sectlon is taken from the Final

Report (Heaney and Huber, 1973) from which other details are available.

Major revisions to the Model have been made to include urban erosion
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prediction, modeling of new treatment dgvicgé and biological treat-
ment facilities, monitoring of significant pollution sources,
flexibility in modeling new areas, new apd improved cost functions
for treatment and storage options gnd a modest hydraulic design
capability as well as minor programming changes‘and slight format
revisions. The SWMM has proven to be a useful and ecoﬁomical

tool in the assessment of urban storm Water‘prpblems. Individual
runs described in the following section, fpr ipstancé, could be
accomplished using less than three minutes of CPU time on the

TBM 370/165 at the University of Florida Computing Center, for a
Runoff—Transport—Storage[Treatment—Receivihg simulation. Although

computational changes vary, they are well within reasonable bounds.
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2, TESTI NG IN LANCASTER, PENNSYLVANIA

The- City of Lancaster, Pennsylvania, population 79,500, is
.situated in a drainage area of about 8.24 square miles (5,274 acres),
The receiving streaﬁ in-the Lancaster area is the Conestoga Creek
which drains an area of approximately 473 square miles into the
Susquehanna River. The average flow is 387 cubic feet per second
with a maximum recorded flow of 22,800 cubic feet per second.

There are two sewage treatment plants within the city, both of
which discharge into the Conestoga Creek., The North Plant with a
capacity of 10 mgd serves a population of 36,000 people, and the
South Plantireoently expanded from 6 mgd to 12 mgd and is designed to
serve 65,000 people. Both plants.provide secondary treatmeot. About
one third of the flow to the North Plant is derived from areas with
separate sewers outsido‘the city serving an estimated population of
17,500 people and some industries. The remaining two thirds ‘of the
sewage flow to the North Plant is derived from the combined sewers
- serving the north part of the city plus about 250 suburban acres
estimated tu'ﬁave 18,500 peoplé. and many water-using industries. 1In
'ad&ition, most of the year the water table is high resulting in con-
siderable infiltration.‘ An overflow iine diverts.excess flow to the
Conestoga during wet weather. The North Plant draipage area is esti;
mated at 3.72 square miles, | |

The South Plant is designed to handle a population of 34,500

served by combined sewers and,invaddition,uprto an approximately equal
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amount from separated sewers throughout thé surrounding area. The
South Plant dralnage area encompasses 4.52 square miles and is
comprised of four districts. Stevens Avenue district which is the
subject of EPA demonstration grant is one of the four districts
connected to the South Plant. Three of the districts, including
Stevens Avenue, pump the sewage from a receiving station within the
district to the South Plant. All locations have overflow arrange-—
ments that discharge into the Conestoga Creek when the capacity of
the system is exceeded,

The total drainage area of the Stevens Avenue district is 227
acres which, while only about 4.3% of the total Lancaster
drainage area served by North and South treatment plants, is 17% of
the drainage area designed to flow into the South Plant from combined
sewers. The population within the Stévens Avenue district is esti-
mated at 3,900. Figuré 2-1 illustrates various dfaiﬁage dis;fiéts

within the city.

1. DEMONSTRATION GRANT DESCRIPTION

Tn order to remedy the situation resulting f¥om combined sewér
overflows, the City of Lancaster décided to explore means other»than
sewer separation. Construction of several underground silos”éf
various locations within the q}ty is contemplated for fetention of
overflow during wet periods and subsequent pumping to the‘treatment
plants during low flow periods.

Stevens Avenué,districﬁiwas selected as the demonstration site

for evaluation of the effectiveness of a silo in combating combined
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sewer overflows. The sewer layout for Stevens Avenue district is
shown in Figure 2-2, During normal dry weather periods, the‘dry
weather flow is pumped to the South treatment plant. During Wét
periods, when the incoming flowbto the pump station exceeds the
capacity of the statién, the overflow discharges directly into the
Conestoga Creek through a 60 inch sewer located at point @ on
Figure 2-1. |
The City of Lancastér also authorized APWA to develop design
parameters for a full-scale gwirl concentrator for removal of
solids prior‘lo the retention of flow in the underground silo.
Location of the demomstration site is shown in Figure 2-2." A
flow diagram of the proposed swirl concentrator-silo treatment is’
presented in Figure 2-3. In order to fully evaluate this treatment
the city decided to include chlorination and microstraining as a
part of this demonstration project. The capacity of the silo is
expected to be 160,000 cf.
The tasks assigned to the University of Florida were as follows:
1) Conduct further verification and testing of the Storm
Water Management Model based on active overflow
measurements on selected storm events and to make
refinements to the Model.s
2) Provide resulés of simulations to the APWA in order
for it to develop design criteria and sizing of the

swirl concentrator;

3) Simulate the effect of the swirl concentratorvunder-
ground silo treatment; and :

4) Simulate the effect of combined sewer overflow from
the entire city to the Conestoga Creek.
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2. DESCRlPTION OF- THE STEVENS AVENUE RU&S

A total of four studies comprising nine storms were 31mulated
The city and its engineers prov1ded 1nput data as well as two overall
measurements. The Stevens Avenue distrlct was subdivided into 41
subcatchments., , A description of each study and its results‘are given
belowt: ﬁ '

S#udy No. 1.--The first.study wasvbased on a;series of'storns
between July 29 and August 3, 1971. This six—day'period deposited
a’ record amount of prec1p1tation throughout the Lancaster area
Cvarlously meaSured between 7 3 and 9.46 inches). Durlng four of'the
six days, the storms were very 1ntense over ‘short periods; in one case,'>
being the second heav1est of record For purposes of simulation,
- Study No 1 ‘was dlvlded 1nto 31x storms: The amount and tlmes of
prec1pitatlon assumed for each of these six storms are shown in
Figures 2.4 ,through72—9 and’results of computer simulations for
each of these~storms are shown in:the same figures; These figures
show the expected quantlty and quality of the overflow from the
Stevens Avenue distrlct for a given ralnfall ' These runs 1nd1catez.“
that an overflow as hlgh as 400 cfs may be expected for a storm‘event
similar to Storm No. 6.
l These computer runs also 1nd1cate that total suspended solids and
BOD dlscharges expected in the overflow may be on the order of magnitude“
of 778 pounds and 635 pounds respectively for Storm No. 5 and 849 pounds
and 768 pounds respectively for Storm No..6. Unfortunately, since’ :
actual flow measurements were not taken during this study, it was not pos-—

sible to determine the actual overflow quantity and quality. However,
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results of subsequent studies indicate that actual overflows are

generally predicted adequatelfﬂby éomﬁutér runs. Quality predictions
are more variable.

Results of this study were used by APWA in sizing the swﬁrl con-
centrator. A design flow of this device was established ét 150 éfs.

Computer simulation studies were also conducted for all éix
storms to evaluate the effect of the swirl concentrator—underground
silo facilities on the coﬁﬁined overflow quality. The reéults‘of
Storm Nos. 5 and 6 are shown on Figures 2-8 and 2-9 respectively.

As illustrated in these. figures, the quality of the overflow is
significantly improved through the installation of the swirl concen-
trator-underground silo.

Study No. 2.--This study consisted of a storm that began in the
morning of August 27, 1971 and continued almost 30 hours to the
morning of the next day. It resulted in varying amounts of rainfall
throughout the city averaging more than 3.5 inches. The results of
the computer simulation were similar to those obtained froﬁ Study No. 1,
and for this reason are not included herein.‘ Again, no measurements
were taken during this study. |

Study No. 3.--This study is .based on a relatively minor rainfall
event of March 22, 1972. This study is of special impoftance, however,
because it is one of the types most frequently experienced‘in tefms of
intensity of rainfall. It is also one for which relatively complete
verification data such as rainfall, floﬁ readings and samples were
collected. The rainfall is shown in Figure 2-10 along with results

of the computer simulation showing overflow‘quantity and quality.
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Shown in the same illustratlon are. the actual quantity and quality
- Weasurements of the overflow. It can be seen that agreement between
the computer simulation and the actual measufements of flow is fairly
good consideriag.the degree of accuracy of the input data as well
'aé;that of the measﬁrements. The agreement between the eomputEd and |
measured quaiity parameters is not as good as for flows.

Coﬁputer simulations were aiso conducted oa this study to deter-
minevthe effect'ofrthe swirl concentrator-underground silo system.,
These results are also'shownlin Figure 2-10. With the silo system, the
Model indicates no overflow in the Conestoga .Creek. |

Study No. 4.--This study is based on a storm that occured on
ﬁovember 29, 1971. This study is also of importance from the stand-
point of Model verification as overflow measutements were conducted
during_this storm. The rainfall and results of the computer simu-
lation fdr this storm are presented'in Figure 2-11 along with the
actual measurements fof comparison., Again, it can be seen that
agreement between the actual measuremeﬁts and predicted.results is
fairly good. fhe predicted results of the swirl eoncentrator-under—

ground silo system are also shown in Figﬁre 2-11.

3." RUNS IN THE NORTH AND SOUTH DISTRICT

Limited computef simulations were also conducted for the North
and South dralnage districts. The North district was subdiv1ded
'1nto 66 catchments and the South district into 104 catchments. The

sewer layouts for the North and South districts are shown in Figures

2~-12 and 2-13.
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Results of computer simulation for Study No. 3 for the North
district are prgsented,in Figure 2-14 and for thé South .district
in Figure 2-15. The North district outfall is locéted af point 1
while the South district outfall is located at point 12 as shown
in Figure 2-11.

An examination of these figures showsthat for a rainfall evént.
equivalent to Study No. 3, ovérflow ffom the Norfh district would
be about 100 cfs and from the South district, 160 cfs. The BOD
and SS discharged to the river would be 7,075 pounds and 9,696
pounds from the North District and 4,468 pounds and 10,006 pounds

respectively for the South district.

4, EFFECT ON RECEIVING WATER

To simulate the effect of the overflow on the Conestoga Creek,
Receiving Water Model was run on the entire city for the Study No. 3;
The manner in which various districts were combingd is sﬂown on
Figure 2-16. In conducting this run, the swirl concentratér
was used at Stevens Avenue while Refined Storage and
Treatment Model, as described elsewhere, was utilized to simulaté
the existing biological treatment at the Ndffh and South plants. The
silo was deleted in order to have an overflow at Stevens Avenue
outfall since the installation of the silo prevents ény overflow‘for
rainfall event equivalent to Study No. 3.

The reaeration coefficient for the_Conestoga‘Creek was computed

from a formula by O'Connor and Dobbins (1958). Results of the Receiving

Water Model are shown in Figures 2-17 through 2—20; Figure 2-17 shows
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DO profiles 24 and 48 hours after the storm inception, while

Figure 4-28 shows the BOD profile for the same period. Suspended
solids and coliform are shown in Figures 2-19 and 2-20 respectively.
Initial values used to simulate the Receilving Water Model are listed
in Table 2-1:

TABLE 2-1
PARAMETERS USED FOR SIMULATING RECEIVING WATER MODEL

Dissolved Oxygen in Conestoga Creek (a1l junctions) 10,0 mg/l
BOD in Conestoga Creék (all junctions) 5.0 mg/l
Suspendid Solids in Conestoga Creek (all junctioné) 10.0 mg/l
Coliform in Conestoga Creek (all junctions) 50/100 ml
Decay Coefficient (BOD) 0.20/day
Reaeration Coefficient 1.50/day
Flow in Conestoga Creek (entering junction 1) 700 cfs

5, SUMMARY

The above discussion can be summarized as follows:

1) The SWMM was able to predict fairly accurately
the quantity as well as quality of the combined
overflow for the Stevens Avenue district in
Lancaster.

2) The installation of the swirl concentrator and
the silo will result in substantial improvement
in the quality of the overflow at Stevens Avenue,
provided the full-scale performance of the swirl
concentrator is comparible to the results obtained
in laboratory studies by APWA,
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