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INTRODUCTION 

The MWRA Combined Sewer Overflow (CSO) Facilities Plan will 

consider many pollution control technologies in the develop

ment and screening of alternatives. The purpose of this 

Technical Memorandum is to present the list of CSO control 

methods which will be considered during the preliminary screen

ing phase of t,he project. The list presented here is compre

hensive, and inclbdes alternatives to be evaluated in the 

Basic Faciiities Plan (Task A07) and in the Best Management 

Practices (BMP) portion of the fast tracks projects (Task B02). 

Each of the technologies are briefly described and typical 

pollutant removal efficie~cies and current order-of-magnitude 

unit costs are presented.where available. The efficiencies 

and cost estimates reported here are literature values which 

represent typical ranges for each technology. Although the 

unit costs are expressed in current (i.e., 1988) dollars, 

they do not necessarily represent site specific Boston area 

conditions. The cost estimates and efficiencies will be 

refined during the alternatives screening process. 

Preliminary design and performance criteria for CSO control 

alternatives identified here wi:11 be reported in Technical 

Memorandum (TM) 2-7. Criteria :for the preliminary screening 

of these alternatives will be presented in TM 2-8. Included 

will be construction and operation and maintenance cost esti

mating procedures as well as. technical and environmental 

evaluation criteria and areawide implementation considerations. 
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TECHNOLOGIES .TO BE CONSIDERED 

Table l pre~ents the list of CSO control technologies to be 

considered in the development of the facilities plan. These 
' ' ! 

technologies have been grouped into five general classifica

tions as follows: 

1. Source Controls ( SC) 

2. Stormwater Management (SWM) 

3. Sewer System Optimization (SSO) 

4. Wet Weather Treatment (WWT) 
: . 

5. Sewer Separation (SEP) 

These classifications are presented for organizational and 

discussion purposes. In some cases a given technology could 

be included in ~ore than one group. For example, porous 

pavement which is classified as a source control here, could 

as easily be classified as a stormwater management option. 

In general the technologies included in Groups 1, 2, and 3 

will be evaluated as part of the BMP program development and 

the remaining technologies will be evaluated in the Basic 

Facilities Plan Development. 
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Table l· 
' ' ' CSO CONTROL TECHNOLOGIES TO BE CONSIDERED IN THE 

DEVELOPMENT OF THE MWRA CSO FACILITIES PLAN 

SOURCE CONTROLS (SC) 

Street sweeping 

Combined Sewer Flushing 

Catchbasin Cleaning 

Porous Pavement 

Industrial Pretreatment 

Construction Site Erosion Control 

STORMWATER MANAGEMENT (SWM) 

Catchbasin flow control (for slipping or storing storm

water runoff) 

Upland storage/detention impoundments for stormwater 

(including natural wetlands) 

Sediment trapping ponds and/or swales 

Offline storage tanks for stormwater 

SEWER SYST_EM OPTIMIZATION (SSO) 

Static 'flow control for inline storage (including fixed 

weirs, orifice, and static vortex controllers) 

Variable flow controls (including sluice gates, bascule 

gates, inflatable dams, etc.) 

Hydraulic enhancement 
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Table 1 

(Continued) 

CSO CONTROL TECHNOLOGIES TO BE CONSIDERED IN THE 

DEVELOPMENT OF THE MWRA CSO FACILITIES PLAN 

Real time control 

Outfall relocation 

WET WEATHER TREATMENT (WWT) 

Satellite physical-chemical treatment systems (i.e., 

1982 cso facilities plan approach) 

o Swirl concentrators 

o Coarse screening 

o Microscreening 

o Sedimentation 

o Flocculation 

o Dissolved air flotation 

o High rate filtration 

o Chlorination 

o Dechlorination 

Biological treatment at Deer Island WWTP 

o Near surface inline and offline storage 

o Deep tunnel storage 

SEWER SEPARATION (SEP) 

Partial separation 

Complete separation 
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SOURCE CONTROLS 

Source controls are those Best Management Practices techniques 

that attempt to reduce pollutant loadings by intercepting, 

or preventing accumulation of, contaminating constituents 

before they enter overflow streams. The method most effective 

for removing a particular pollutant is dependent on where it 

is predominantly deposited. For example, BOD
5

, TN, PO4 , and 

coliform bacteria enter receiving waters when sewage solids 

deposited in combined sewers during dry weather are washed 

out through overflows during a storm. Routine sewer flushing 

can be used to reduce the amount of pre-storm deposition. 

Lead, on the other hand, accumulates mainly on street surfaces 

from motorized vehicle use and can be more effectively 

restricted from entering overflow streams through street 

cleaning methods. 

Control of toxic materials is extremely site-specific. In 

some cases, reducing dry-weather deposition of sewage solids 

through sewer flushing or catch basin cleaning may also be 

effective in removing toxics. For other situations, pre

treatment at the industrial source of the toxic effluent may 

be necessary to obtain significant control. 

STREET SWEEPING 

Although the major objective of municipal street sweeping is 

to enhance roadway appearance, the periodic removal of surface 

accumulations of litter, debris, dust, and dirt can also 

reduce transport of such material into the sewer system. 

Common methods of street sweeping include manual sweeping, 

mechanical broom sweepers, and vacuum sweepers. 

Street sweeping has several advantages, including applica

bility to highly developed, established urban areas, source 
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' control of pollutants, and improved quality of bot~ receiv

ing water~ and urban aesthetics. Its effectiveness is a 

function of several factors: sweeper efficiency, cleaning 

frequency, number of passes, equipment speed, pavement condi

tions, equipment type, portion of streets swept, litter con

trol programs, and parking restrictions. It has limited 

effectiveness in removing BODS or suspended solids from com

bined sewer watersheds, since only a fraction of the total 

of these loads are found in or near street gutters. Street

sweeping can, however, achieve an overall annual removal 

efficiency of between 2 and 11 percent for BODS and suspended 

solids. Typical street sweeping unit costs are on the order 

of $8 to $30 per curb-mile swept (1,2). 

COMBINED SEWER FLUSHING 

By introducing a controlled volume of water over a short 

duration at key points in a combined sewer system, deposited 

sewage solids can be resuspended and transmitted to the dry

weather treatment facility before a storm event produces 

flows that carries them to a receiving water. Water for 

flushing can either be supplied externally (from a tanker 

truck, for example) or internally through manual or auto

matic detention. One study has suggested that manual flush

ing using an external pressurized source is most effective 

( 3) • 

Before undertaking a combined sewer flushing program, proce

dures should be followed that will estimate the quantity and 

distribution of dry-weather deposition in the sewers and 

locate the optimum points for introducing the flushing water. 

Research has shown that no significant gain in the fraction 

of load removed is achieved by repeated flushing at a single 

point, and that 70 percent of the flushed solids will 

quickly resettle downstream (3). Significant pollutant 

reductions can probably best be effected by sequential 
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flushing at key points in a downstream q.irection, tq k,eetj 
' 

the suspended solids in motion. 

Process efficiency is a function of flush volume; flush dis

charge rate; sewer slope, length, and diameter; wastewater 

flow rate; and efficiency of the treatment facility receiving 

the resuspended solids. While combined sewer flushing is 

most effective in flat collection systems, it may also be 

applied in conjunction with upstream storage and downstream 

treatment. Removal efficiencies for BODS from a combined 

sewer watershed can range from 18 to 32 percent at a 4ni~ 

cost of $2 to $7 per pound of BODS removed (1). 

CATCHBASIN CLEANING 

Catchbasins are installed in combined sewer systems to. capture 

grit and other solids prior to entering the drainage system. 

Catchbasins are designed to trap sediment while stormwater 

inlets are not. Frequent removal of accumulated catchbasin 

deposits is a method often proposed in CSO control programs 

to reduce the heavy "first flush" effect of deposit~d solids 

from stormwater flows, and to help reduce sediment buildup 

in the sewers. Cleaning can be performed manually or by 

eductor, bucket, or vacuum. A national survey indicated 

that an average cleaning frequency of 2.3 times per year can 

potentially remove approximately 2 percent of the BODS load 

of a combined sewer watershed (4). Unit costs for catch

basin cleaning can range from $10 to $36 per cubic yard of 

material removed (2). 

POROUS PAVEMENT 

Porous pavement has a high capability to remove both soluble 

and fine particulate pollutants in urban land surface 

runoff, and also provides groundwater recharge, low flow 

augmentation, and streambank erosion control. Its use is 
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generally restricted to low VCl)lume parking 9re4s, a~thopg~ 

it can accept runoff from rooftop storage or: adjacent con..:, 

ventionally paved areas. Porous pavement is only feasible 

on sites with gentle slopes, permeable soils, and relatively 

deep water table and bedrock levels. When these conditions 

are met, porous pavement is a reasonably cost-effective BMP, 

particularly if off-site runoff contributions are not great. 

When properly designed and carefully installed, porous pave

ment has load bearing strength, longevity, and maintenance 

requirements similar to conventional pavemei:)t. Some other· 

advantages of porous pavement are reduction or :elimination 

of the need for curb and gutters and downstream conveyance 

systems, the preservation of the natural water balance at 

the site, and a safer driving surface which offers better 

skid resistance and reduced hydroplaning. 

Porous pavements will cost on the order of $25 per square 

yard more to construct than conventional pavements. However, 

this incremental increase in construction cost will be at 

least partially offset by savings in the required pavement 

drainage system. 

The major drawback associated with porous pavement is that 

if it becomes clogged, it is difficult and costly to rehabili

tate. The risk of premature clogging of the pavement is 

fairly high, and can be prevented only if sediment i's kept 

off of the pavement before, during, and after construction. 

Other disadvantages include the need for extensive feasibil

ity tests, inspections, very high levels of construction 

workmanship, and a possible risk of groundwater 

contamination (5). 
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INDUSTRIAL PRETREATMENT . ' 

Process controls including pretreatment of industr.ial sources 

of toxics may be indicated when ~eductions tqrough other 

source or system controls are not sufficient. If, the distri

bution and extent of toxics within the Boston Harbor area 

makes toxic reduction a main focus of CSO controls, then 

additional industrial pretreatment or wet-weather onsite 

storage alternatives, at selected.industrial sites, should 

be considered. Capture and pretreatment of surface runoff 

from industrial sites, including:mat._erial stockpiles should 

also be considered. 

The quality of combined sewer overflow can also be degraded 

through improper control of industrial spills. It is not 

uncommon for spills to be "washed down" into,the combined 

sewer system potentially transporting the pollutants to 

receiving waters with limited or no treatment. To avoid 

this pollutant discharge into the system, identification and 

proper control of the spills is required. 

The cost and control efficiencies of industrial pretreatment 

source controls are land use and industry specific. Litera

ture values are not readily available. 

CONSTRUCTION SITE EROSION CONTROL 

A substantial portion of soil erosion in established urban 

areas is associated with construction. Many adverse effects 

are caused by uncontrolled soil erosion. For example, sedi

ment will clog storm and combined sewers causing flooding 

and increasing the frequency of overflow. Also, high sediment 

loads in natural streams, such as the Back Bay Fens and the 

Charles River, make the water body less fit for aesthetic 

and recreational activities. 
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Al though, the acreage unde;r active, co,nst'ruiction a,t any given 
I ! I I I i t : : 

time is generally small, the rate .of· eros:i.on can be severe. 

For example, the rate of erosion from uncontrolled construc

tion activity can be a.s high as 200 tons per acre per year 
' . ! 

as compared to about 0.2 tons per acre per year from forest

land, and 7.5 tons per'acre per year for cropland. 

As much as 95 ·percent of the uncontrolled construction site 

erosion may be prevented using various combinations of rela

tively simple and inexpensive control techniques. These 

techniques range from·the construction ,of straw bale sedi

ment barriers to use of diversion dikes, filter berms, flexi

ble erosion control mats, straw mulch, gabions and chutes, 

flumes, and check dams. Construction site erosion control 

costs should be on the order of $1,000 to $2,000 per year 

per acre of active construction (6). 

STORMWATER MANAGEMENT 

The term stormwater management, as used in this facilities 

plan, refers to those BMPs which operate on the surface storm

water runoff before it enters the combined sewer system. 

These techniques typically separate surface stormwater from 

the underlying combined sewers and/or transports the surface 

flows by overland routes to more suitab.le sinks or more advan
tageous locations for capture., Included are various forms 

of upland, natural, and street surface ponding alternatives. 

Stormwater management as a control concept is widely used 

for basement floodin,g and drainage control throughout the 

Great Lakes region, Maine, and Quebec. It is widely used as 

a CSO control concept throughout the province of Ontario, 

Canada, where the practice of "inlet control" drainage phi

losophy is highly developed (7). 
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CATCHBASIN FLOW CONfROL 

Catchbasin flow control involves restricting the hydraulic 

capacity of,_catchbasins, in order to reduce the maximum rate 

of flow into the sewer. This technique will increase street 

ponding (i.e., surface storage) and curb flow. Benefits may 

include reduction in peak combined sewer flow rates and there

fore a reduction in overflow rate, or redirecting the surface 

stormwater from a combined sewer system to a nearby separate 

storm sewer system. In addition some street runoff may be 

rerouted directly to the receiving water without entering 

any subsurfaceidrainage network, a technique that has been 

termed "flow slipping"(?). 

Catchbasin flow control can be relatively inexpensive. Recent 

cost estimates for inst,allation of a vortex valve at existing 

catchbasins are on the order of $2,500 each (7). However, 

increased street ponding and/or curb flow can result in 

increased traffic hazard and therefore sites must be selected 

with caution. 

UPLAND STORAGE/DETENTION IMPOUNDMENTS FOR STORMWATER 

Substantial upland portions of the Muddy River/Back Bay Fens 

watershed system are served by natural drainage or separate 

storm and sanitary sewers which are tributary to downstream 

combined sewers. Retention or detention storage of this 

urban stormwater could have substantial CSO reduction benefits. 

Upland storage was recommended in the 1982 CSO facilities 

plan for portions of the Charles River Basin Planning area. 

The proposed storage areas on Stony Brook, Bussey Creek and 

Cantebury Brook totalled 27.5 million gallons and were among 

the most cost-effective of all storage options proposed in 

the 1982 plan. Unit construction costs for these facilities 

were on the order of six cents per gallon of storage devel-
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oped( (8)./ T~es~ 1$82 upland storage options as well as other 
: I I I ' I : : ' • i ! . 

smaller scale stormwater storage options will be considered 
! . i • ' 

throughout the pla~ning area. 

SEDIMENT TRAPPING PONDS AND/OR SWALES 

Sediment trapping is a stormwater management option that is 

closely related to upland storage/detention. Often a single 

facility will serve both purposes if properly designed. 

Again, this option will most likely be of benefit in the 

upland portions'of, the Muddy River/Back Bay Fens system to 

reduce sediment loads to the Fens, the Stony Brook Conduit, 

and other portions of the combined sewer system. 

Design of a stormwater detention impoundment to maximize 

sediment trap effi~iency will not, in most cases, signifi

cantly increase construction cost. However operation and 

maintenance costs could increase greatly since the retained 

sediments need to be removed at regular intervals in order 

to maintain trap efficiencies. 

OFFLINE STORAGE TANKS FOR STORMWATER 

Shallow underground offline storage tanks placed behind curb 

lines, in parkways, or in other open areas is a stormwater 

management alterna;tive which will also be considered. These 

tanks in conjunction with catchbasin flow controls are in 

common use in Germany as well as in some U.S. urban areas. 

Unit, construction costs are in general greater than for 

upland storage. Typical values range from $1 to $2 per 

gallon of storage developed (7). 
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. , SEWER SYSTEM OPTIMIZATION 

Sewer System optimization, as used here, refers to those 

BMPs which operate within the existing combined sewer 

system. in general these techniques use various levels of 

in-system control to enhance storage and conveyance and 

therefore to minimize overflow, without major structural 

modifications. 

STATIC FLOW CONTROL 

St.a tic flow control includes those sewer system BMP' s which 

maximize flow to the treatment plant while minimizing overflow, 

bypass and flooding using simple control devices to develop 

potential in-line storage. These flow control devices will 

us,ua~ly~ but not always, be associated with the combined 

sewer regulators and may include fixed weirs and orifice or 

static vortex controllers. 

The effectiveness of static flow control devices depends 

upon the characteristics of the sewer system. Flat sewers 

with excess capacity and limited flooding potential offer 

the best sites. 

The cost of individual static flow control devices is often 

very inexpensive; on the order of a few thousand dollars 

each. however, the cost associated with installation of 

these devices in congested areas can be an order of magnitude 

or more greater. In some cases, the desired location may be 

impossible to get to. In addition, the hydraulic engineering 

analysis required to select the proper device (i.e., one 

which will maximize in-system storage without inducing 

flooding) may be quite involved and costly. 
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Variable insewer flow control devices include sluice gates, 

bascule gates, and inflatable dams which may be closed to 

induce inline storage and opened to dewater the stored flow. 

The purpose is the same as the static flow control devices; 

however, operational flexibility is increased and the risk 

of unwanted flooding is decreased. In general, the scale of 

these projects is larger than for the static control alterna

tives. They are most applicable on the large trunk sewers. 

Several variables in-system flow control projects were recom

mended in the Charles River Basin portion of the 1982 Boston 

Harbor CSO facilities plan. Current construction cost for 

these projects would range from about 1/2 to $10 million 

each based on the 1980 estimates (8). 

HYDRAULIC ENHANCEMENT 

Hydraulic enhancement includes those sewer system BMPs which 

will increase the conveyance capacity of existing sewers. 

These include rehabilitation of old conduits to reduce hydrau

lic roughness and polymer injection to reduce friction loss 

during high flows. 

These techniques may be of benefit in the interceptor system, 

downstream from the CSO regulators. The objective would be 

to increase the hydraulic capacity of the existing interceptor 

and therefore maximize the transport of wet-weather flows to 

the treatment plant. By contrast, the sewer system optimiza

tion techniques discussed above (i.e., static and variable 

flow controls) operated within the collection system, above 

the regulators, and are designed to reduce the peak rate of 

flow arriving at the interceptor. Upstream flow control and 

downstream hydraulic enhancement can be used in combination 

to reduce CSO. 
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The cost of sewer rehabilitation is site specific and typifal 

literaturi valueJ are ndt available. However, such projects 

tend to have significant capital costs but do not increase 

system operation costs. 

Limited experience with polymer injection indicates that 

hydraulic capacity can be increased by 25 to 40 percent (9). 

Construction costs are generally less than for sewer rehabili

tation but operation costs are significant since the chemicals 

used are expensive. This technique is not widespread and is 

still somewhat experimental. 

REAL TIME CONTROL 

The final operational level above variable flow control is 

real time control. This alternative includes design and 

installation of a network of rain gages, flow gages, level 

sensors, overflow detectors, and remote system controls such 

that all variable system components, including gates, 

inflatable dams, polymer injection stations, etc., can be 

operated from a central location during a storm event (i.e., 

in real time) to minimize overflow. 

Again, the feasibility, cost and effectiveness of real time 

controls are sewer system specific. Insystem storage tech

niques, using various levels of flow control and instrumenta

tion have been installed in Seattle, Washington, Minneapolis

St. Paul, Minnesota, Detroit, Michigan, and other U.S. and 

Canadian cities. Typical unit costs of the insystem storage, 

including the sewer flow controls, range from 6 cents to 

over $1 per gallon of storage developed (2). While remote 

monitoring and control is a logical extension of existing 

system management,. 

is only a feasible 

it may not always be cost-effective and 

control 

storage exists that cannot 

flow controls alone. 
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,OUTFALL RELOCATION 

The last sewer system optimization alternative under consider

ation is outfall relocation. This alternative would not 

reduce the frequency or magnitude of CSO but would relocate 

selected existing outfalls to less sensitive portions of the 

receiving water. For example, outfalls which currently impact 

public beaches (i.e., Carson Beach) could possibly be relo

cated to less sensitive areas or selected outfalls which 

discharge to the Charles River Basin may be relocated to the 

Inner Harbor. Costs and benefits of this alternative will 

be outfall and receiving water specific. 

WET WEATHER TREATMENT 

Wet weather treatment is used to remove pollutants from the 

overflow stream before discharge to the receiving water. 

Because of the highly variable nature of storm induced flows 

treatment is most cost effective when used in conjunction 

with any type of storage, including surface stormwater storage, 

inline/insewer storage or offline storage in tanks, reservoirs, 

or deep tunnels. In general, wet weather treatment must be 

considered in the context of a storage/treatment system. 

Wet weather treatment is of two types; physical-chemical and 

biological. Physical-chemical treatments systems have the 

advantage of being able to respond quickly to changes in 

flow conditions and can go for long periods of time without 

use and still be ready when needed. Biological treatment on 

the other hand works best when flows and loads are continuous 

and held within an acceptable range. Therefore, biological 

treatment is technically feasible only when the treatment 

facility is used to treat both dry-weather and wet-weather 

flow, with storage to regulate the wet-weather flow component. 
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The alternatives being considered in this CSO 

ti~s plan include satellite physical-chemical 

con}rql 1=acilt-
, ' 

treatment sys_; 

terns and biological treatment at the Deer Island WWTP. 

SATELLITE PHYSICAL-CHEMICAL TREATMENT SYSTEMS 

A major portion of the proposed 1982 CSO facilities plan 

included satellite physical-chemical treatment systems. 

Technologies recommended included inline and offline storage, 

screening, disinfection, and swirl concentrators. These 

technologies as well as others are being considered in:the 

current project. Physical-chemical treatment technologies 

include the following: 

o Swirl concentrator 

o Coarse screening 

o Microscreening 

o Sedimentation 

o Flocculation 

o Dissolved Air Flotation 

o High Rate Filtration 

o Chlorination 

o Dechlorination 

Each of these treatment alternatives are discussed briefly 

below. Typical pollutant removal efficiencies are given in 

Table 2 and estimated unit construction costs for the 

individual treatment process are reported in Table 3. 

Swirl Concentrator. The major objective of swirl concentra

tors is to regulate both the quantity and quality'of CSO at 

the point of overflow. Solids separation is caused by the 

inertia differential which results from a circular path of 

travel. The flow is separated into a large volume of clear 

overflow and a concentrated low volume of waste that is inter

cepted for treatment at the dry-weather wastewater treatment 
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! : . I 
' 

I , I , 

TYPICAL CSO POLLUTANT REMOVAL EFFICIENCIES 
FOR PHYSICAL CHEMICAL TREATMENT ALTJ:iRNATIVESa 

Pollutant Removal Range--% 
Fecal 

Unit Process BODS ss TKN Phosphorus Coliform --- ---
Swirl Concentrator 40-50 40-50 10 NA NA 

Coarse Screening none none none none none 

Microscreeninq 35-45 55-65 15 15-25 10-20: 

Sedimentation 25-40 40-60 NA 10.:.20 10-15 

Flocculation/ 
Sedimentation 50-70 60-75 30-40 35-60 15-20 

Dissolved Air 50-70 50-80 30-40 40-70 10-15 
Flotation 

High Rate 45-65 70-95 20-30 40-70 ' 50-70! 
Filtration 

Chlorination 0-5 none none none 99 

Dechlorination none none none norie none 

a 
Data reported in this table is compiled from summaries presented in 

References 10 and 11 

NA--not available 
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: Table ~ , 
TYPICAL UNIT CONSTRUCTION COST FOR 

PHYSICAL-CHEMICAL TREATMENT ALTERNATIVESa 

Unit Process 

Swirl Concentrator 

Coarse Screening 

Micro screening 

Sedimentation 

Flocculation/Sedimentation 

Dissolved Air Flotation 

High Rate Filtration 

Chlorination 

Dechlorination 

Construction 
Cost $1,000/mgd 
5 mgd 50 mgd 

Capacity Capacity 

20 

30 · 

70. 

70 

130 

180 

160 

20 

15 

10 

30 

60 

50 

70 

80 

80 

10 

5 

Comments 

2 45,000 gpd/ft 

' 2 
20 gpm/ft 

' 2 
1,500 gpd/ft 

Includes sed. tank, 
floe. tank & chem. 
feed 

3,600 gpd/ft 
2 

i 

. 2 
10 gprn/ft 

Includes feed system 
&. rapid mix tank 

aUnit cost estimates are for construction of the unit process only and 
not for a complete treatment facility. These estimates do not include 
pumping, flow measurement, site work or sludge handling and disposal. 
Estimates are based on data reported in References 10, 12, and 13. 
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plant 1 

they can 

removal. 

In additiQn to 1regulati.on,:of:'c6mbined,sewer flow, 
! : i I i : : : ! , · 

provide high-rate prim'ary treatment 'for solids 
' ' 

A major attribute of the swirl concentrator is the 

absence of moving pa~ts and an ability to respond to a wide 

range of flow rates. (1). 

Coarse Screening. The main purpose of coarse screening is 

to provide pretreatment and to protect downstream equipment 

from damage by coarse material found in combined sewers. 

Coarse screens generally have openings from 3/16 to 1 inch 

and provide little in the way of BODs or suspended solids 

removal. 

Microscreening. Microscreens on the other hand have very 

small openings, generally less than 1/250 inch (i.e., 0.1 mm) 

and are intended to provide sigpificant removals of suspended 

solids and associated BOD5 , toxics, etc. Removal performance 

tends to improve as influent suspended solids concentrations 

increase due to the relatively constant effluent concentra

tions. In addition, screens develop a mat of trapped parti

cles which act as a strainer retaining particles smaller 

than the screen aperture. Chemical additives can be used to 

improve process removal efficiencies (2). 

Sedimentation. The major objective of sedimentation is to 

produce a clarified. effluent by grav~tational settling of 

the suspended particles that are heavier than water. It is 

one of the most common and well-established unit operations 

for wastewater treatment. Sedimentation also provides storage 

capacity, and disinfection can be effected concurrently in 

the same tank. It is also very adaptable to chemical addi

tives such as lime, alum, ferric chlor{de, and polymers which 

provide higher suspended solids, BOD, nutrients and heavy 

metals removal. Its major disadvantage is high land area 

requirements (1). 
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FloccuLationi. Flbccula,tio'n ,is a un,i t process preceding sedi-
: ; I i : : i i : • ; I 

mentation, wh'ich is used' to increase the removal efficiency 
I ; • 

of the sedimentation process. The major objective of floccula-

tion (inc~uding coagulation) is to permit aggregation of 

colloidal particl~s prior to sedimentation. Coagulation is 

the term which describes the overall process of particle 

aggregation, including both particle transport to cause inter

particle contact and particle destabilization to permit the 

attachment of particles once contact has occurred. Floccula

tion is the term used to describe the transport step only. 

Coagulation requires the addition and mixing of chemical 

additives (14). 

Dissolved Air Flotation. The major objective of dissolved 

air flotation is to achieve suspended solids removal in a 

shorter time than conventional sedimentation by attaching ' . 
air bubbles to the suspended particles. The principal advan

tage of flotation over sedimentation is that very small or 

light particles that settle slowly can be removed more com

pletely and ln a shorter time. Capital costs are moderate; 

however, operating costs are relatively high due to the energy 

required to compress air and release it into the flotation 

basin and due to the greater skill required by operators. 

Chemical additives are also useful to improve process 

efficiencies of BOD and SS removals and to obtain nitrogen 

and phosphorus removals. 

High Rate Filtration. The major objective of high-rate fil

tration is to capture suspended solids on a fixed bed of 

anthracite coal and on sand filter media. Periodic backwash

ing of ,the filter bed must be provided even if prefiltration 

is used because suspended solids will clog the filter. High 

rate filtration has been applied to CSO treatment. However, 

its main wastewater application is in the treatment of indus

trial wastes (1). 
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Chlorination; 1he major,objective of chlorination, or disin-
: I I \ l : '. ·1 ' ; ) 

fection by other means, 'is to control pathogens and other 

microorganisms in receiving waters. The disinfection agents 

commonly used in cso treatment are chlorine, calcium or sodium 

hypochlorite, and chlorine dioxide. They are all oxidizing 

agents, are corrosive to equipment, and are highly toxic to 

both microorganisms and people. Physical methods and other 

chemical agents have not had wide usage because of excessive 

costs or operational problems. The choice of a disinfecting 

agent will depend upon the unique characteristics of each 

agent, such as stability, chemical reactions with phenols 

and ammonia, disinfecting residual, and health hazards. 

Adequate mixing must be provided to force disinfectant contact 

with the maximum number of microorganisms. Mixing can be 

accomplished by mechanical flash mixers at the point of disin

fectant addition, at intermittent points by specially designed 

contact chambers, or both (1). 

Dechlorination. Since about 1970, much attention has been 

focused on the toxic effects of chlorinated effluents. Both 

free chlorine and chloramine residuals are toxic to fish and 

other aquatic organisms. Dechlorination involves the addition 

of sulfur dioxide to the wastewater. This process will pro

duce small amounts of sulfuric and hydrochloric acids. How

ever, they are generally neutralized by the buffering capacity 

of the wastewatrr, Sulfur dioxide is fed as a gas, using 

the same equipment as chlorine systems. Because the reaction 

of sulfur dioxide with free or combined chlorine is practi

cally instantaneous, the design of contact systems are less 

critical than that of chlorine contact systems. Detention 

of less than 5 minutes is quite adequate, and inline feed 

arrangements may also be acceptable under certain conditions 

( 13) • 

Sludge Treatment and Disposal. As with all wastewater treat

ment, the concentrated waste residue generated by combined 
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sewer overflow treatment must be disposed bf properly. Sludge 
• : I ' \ 

h,indling and treatment requirements will be considered in 

the evaluation of all satellite physical-chemical treatment 

.systems. 

BIOLOGICAL TREATMENT AT DEER ISLAND WWTP 

Utilization of the Deer Island WWTP for wet-weather CSO treat

ment is a technically feasible alternative if CSO storage is 

added to the existing wastewater management system. This 

alternative will achieve the highest level of CSO treatment 

possible, since all captured flows would be subject to process

. ing at Deer Island with final discharge via the Deer Island 

outfall. In general, storage can be provided in near surface 

inline or offline storage facilities or in deep tunnels. 

Near Surface Inline and Offline Storage. Many of the CSO 

controls previously discussed are near surface inline and 

offline storage alternatives which would increase the wet

weather flow volume to Deer Island and decrease untreated 

CSO. These include all the stormwater management 

alternatives and the sewer system optimization alternatives. 

Deep Tunnels. A complete deep tunnel system includes four 

main components: 

1. near surface conduits to consolidate the flow from 

several outfalls 

2. drop shafts to convey the consolidated flow to the 

tunnels 

3. the deep tunnels to store the flow and 

interconnect the drop shafts 
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4. one or more pumping stations to transfer the stored 
' I 

CSO to treatment 

A recent Boston Harbor deep tunnel feasibility study estimated 

a construction cost of $431 million for a 200 million gallon 

tunnel storage system and $604 million for a 500 million 

gallon capacity system. These estimates result in unit cost 

of $1.20 to $2.20 per gallon of storage developed. Total 

storage volumes in the range of 200 to 500 million gallons 

should result in capture of between 85 and 99 percent of the 

current total annual untreated CSO volume (15). 

SEWER SEPARATION 

Sewer separation is the final group of CSO controls to be 

considered in the current planning effort. Sewer separation 

will by definition eliminate combined sewer overflow since 

the combined sewers are replaced by a system of separate 

sewers. However, it is important to note that the elimination 

of combined sewers will not eliminate wet weather pollution. 

Urban stormwater pollution loads for conventional pollutants 

can be about 1/4 to 1/3 the loads found in CSO for the same 

land use. Therefore, sewer separation will only reduce wet

weather pollution loads by 65 to 75 percent. Sewer separation 

can either be selective partial separation or complete 

separation. 

PARTIAL SEPARATION 

There are significant portions of the planning area which 

are served· in part by combined sewers and in part by separate 

sewers (e.g., Neponset River Area). These areas will be 

examined to determine the technical and economic feasibility 

of partial separation. 
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COMPLETE SEPARATION 

The cost of complete sewer separation will be estimated for 

each subbasin in the planning area for comparison to other 

alternatives. 
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