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Division of Water Pollution Control 
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Dear Mr. McMahon: 
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I. CONCLUSIONS AND RECOMMENDATIONS 

Presented herewith are the findings arrived at as a result of 

the work conducted during the study on the control of contamin

ated storm water by use of sodium hypochlorite. During this 

demonstration project, the effectiveness of sodium hypochlorite 

was to be evaluated for improving water quality in areas sub

ject to pollution from discharge of existing storm drains. 

Chlorination facilities were to be installed in existing storm 

drainage structures. 

Conclusions 

1. Eight storm drainage outfalls discharging to Quincy 

Bay along Wollaston Beach in Quincy are a source of 

bacterial contamination. 

2. The receiving waters along Wollaston Beach cannot be 

maintained at their proposed classification (SB) as 

long as the bacterial contamination from these outfalls 

continues uncontrolled. 

3. It was not possible to install the proposed chlorination 

facilities in the existing drainage manholes and tide 

gate chambers. 

4.- As an alternative, the chlorination facilities were 

installed in precast concrete vaults placed below ground 

in proximity to the drainage manholes and tide gate 

chambers. 

-1-
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5. The average cost per installation including vault, 

chemical feed pumps, chlorine storage tanks, piping, 

and electrical was $1,623.61. The total cost for the 

six installations was $9,741.65. 

6. Bacterial samples collected during the period when 

chlorination was being conducted indicated large 

fluctuations in bacterial counts throughout the season, 

with the result that no conclusion can be drawn as to 

the effectiveness of chlorination on the control of 

contaminated storm water discharging from the outfalls. 

7. An analysis of the bacterial samples collected through

out the 1972 bathing season at each station indicated 

a median count varying between 100 to 1,400/100 ml in 

the vicinity of four of the six outfalls at which 

chlorine was being added. This suggests t.hat some con

trol of contamination was being provided. 

8. Sufficient background material, including chlorine 

demand, bacteria counts, and flows, was not available 

to properly assess the effectiveness of the chlorina

tion being conducted. 

Recommendations 

1. An attempt should be made to locate and eliminate the 

sources of the bacterial contamination discharging to 

the eight outfalls along'Wollaston Beach. 

2. Additional samples for bacterial determination should 

be collected from the outfalls to determine if chlorin

ation needs to be continued and to provide background 

information on bacterial counts. 

-2-
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3. Chlorination of six of the outfalls nearest the bathing 

areas should be continued during the bathing season 

should the samples collected above (2) indicate that 

pollution is still present. 

4. Additional data will need to be obtained concerning 

chlorine demand and quantity of wastewater flow in the 

storm drains if chlorination is to be continued and 

if chlorine dosages are to be determined more accurat

ely. It is recommended that samples be collected from 

the outfalls at periods of the tide when the outfalls 

are exposed rather than from the overlying waters. 

This would result in a more representative sample for 

a chlorine demand determination. 

5. The availability of sodium hypochlorite is currently 

in short supply therefore a determination should be 

made as to its availability before the start of any 

future chlorination program. 

-3-
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II. INTRODUCTION 

This report has been prepared for the Massachusetts Division of 

Water Pollution Control. Under the provisions of Sections 27 

and 38 of Chapter 687 of the Acts of 1966, as amended by Chap

ter 873 of the Acts of 1967, the division was authorized to 

conduct research and demonstration projects relating to water 

pollution control. These projects included, but were not limited 

to, new and improved methods of controlling the discharge of 

untreated or inadequately treated sewage or storm water into any 

receiving waters. 

This project, designated as Research and Demonstration Project 

No. 70-34, Wollaston Beach, was under the supervision of the 

Division of Environmental Health, Massachusetts Department of 

Public Health. The project involved chlorination of waters 

discharging through eight storm drainage outfalls along Quincy 

Shore Drive into the waters of Quincy Bay adjacent to Wollaston 

Beach. Bacterial determinations made in the past gave indica

tion that wastewater in addition to stormwater was being dis

charged through these outfalls. 

SE A Consultants Inc. was engaged by the Massachusetts Division 

of Water Pollution Control as consultants on the project and 

authorization to begin work was received in a communication 

from the division dated July 23, 1970. 

-4-
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Project Area 

The project area is located in Norfolk County in the Wollaston 

Beach section of the city of Quincy, Massachusetts. The general 

locus is shown on Fig. I. 

Wollaston Beach is a public beach under the jurisdiction of the 

Metropolitan District Commission (MDC) and offers bathing op

portunities for many thousands of people during the summer 

season. The beach is approximately 2 miles in length and is 

located adjacent to and easterly of Quincy Shore Drive. A paved 

parking area extends along Wollaston Beach for a distance of 

about 1-1/2 miles between Billings Stree\ on the north and Fenno 

Street on the south. Six of the eight storm drains cross under 

the paved parking area before discharging to Quincy Bay. Each 

of the six drains has a manhole located within the parking area. 

The location of each of the eight storm drainage outfalls is 

shown on Fig. II. The water of Quincy Bay is saline and under

goes the usual tidal fluctuation as is common with waters in the 

Boston Harbor area. 

Most of the drainage area tributary to the storm water outfalls 

under study is served by a municipal sewerage system. Sanitary 

sewage collected by this system discharges to the MDC sewerage 

system for treatment at the Nut Island sewage treatment plant. 

Purpose 

The basic general objective of this project was to evaluate an 

interim method of improving water quality in areas subject to 

pollution from discharges of existing storm drains that exhibited 

high bacteria counts. Specifically, the work described in this 

report was performed for the purpose of demonstrating the ef

fectiveness of chlorination, using sodium hypochlorite, of 

-5-
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several storm water outfalls in the vicinity of Wollaston Beach 

as a means of maintaining the quality of the receiving waters 

at its proposed classification (SB), thus permitting the use of 

the beach for bathing. The majority of these outfalls had 

exhibited high bacterial counts in the past, therefore; it was 

hoped that the chlorination would provide protection to ensure 

safer bathing conditions along Wollaston Beach. 

Class SB, which applies to coastal and marine waters, is defined 

by the Massachusetts Division of Water Pollution Control as 

being suitable for the following. 

1. Bathing and recreational purposes, including water 

contact sports 

2. Industrial cooling 

3. Excellent fish habitat 

4. Good aesthetic value 

5. Suitable for certain shell fisheries with depuration. 

The standard of quality concerning coliform bacteria states that 

the count of coliform bacteria per 100 ml is not to exceed a 

median value of 700, and not more than 2,300 in more than 

10 percent of the samples during any monthly sampling 

period. 

Scope 

In accordance with the terms of our engineering contract, the 

scope of the services that were to be performed during the demon

stration project were as follows. 

-8-
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1. Design chlorination systems, based upon the use of 

sodium hypochlorite, suitable for placement in existing 

storm drainage manholes or reguiator gate chambers on 

the storm drainage system or at other locations in the 

project area. 

2. Procure all necessary equipment and materials neces

sary to operate the chlorination systems throughout 

one full bathing season. 

3. Provide for any contractural services not available 

from the city of Quincy and which were necessary to 

accomplish the project. It was the responsibility of 

the city of Quincy to install the hypochlorite equip

ment, (chemical feed pumps and chlorine storage con

tainers), and to supply the sodium hypochlorite chem

ical. 

4. Prepare an engineering report which evaluated the 

outfall chlorination approach as an interim (or perma

nent) method of controlling water quality. The report 

was to include water quality data furnished by the 

Massachusetts Department of Public Health from samples 

collected at or near the outfalls by personnel from 

the city of Quincy. 

Implementation 

When the demonstration project was first discussed with us by 

representatives of the Massachusetts Department of Public Health, 

it was their objective to house the chlorination facilities in 

the existing storm drainage manholes and regulator gate chambers 

located at the outfall end of the storm drains to be chlorin

ated. The evaluation of the existing manholes and regulator 

-9-
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gate chambers, as to their adaptability for housing the chlor

ination systems, was therefore one of the first undertakings to 

be accomplished during the study. Following a field examina

tion of the above mentioned structures, it was determined that 

many problems would result if an attempt was made to house 

the chlorination facilities in the existing structures. Al

though some of the manholes were of sufficient depth and diameter 

to accomplish this, it was noted that some manholes had two or 

three tributary drains entering midway up on the manhole with 

their inverts only 4 to 5 ft below the rim of the manhole. This 

did not provide sufficient headroom to allow installation of 

hypochlorination equipment and storage of the chlorine solution 

within the manhole. In addition, it was determined that most of 

these drainage structures were subject to surcharging when per

iods of high storm water runoff occurred simultaneously with 

high tides. This would flood out any equipment that would be 

installed in the existing structures. 

In a subsequent conference held with the Massachusetts Depart

ment of Public Health, we were instructed to investigate alter

nate means of housing the proposed chlorination facilities 

other than in the existing storm drainage manholes. The pos

sibility of utilizing some type of above ground structure to 

house the chlorination facilities was considered. This was 

deemed impractical due to the liklihood of vandalism plus the 

heed of having to locate the structures in the MDC parking area; 

thus utilizing valuable automobile parking space. 

A decision was made to house the chlorination facilities in pre

cast concrete vaults placed below ground in the vicinity of 

each of the storm drainage manholes to be chlorinated. Since a 

high groundwater condition exists throughout the area during 

periods of high tide, a vault was selected having minimum 

depth but with sufficient headroom to provide the necessary 

space to house the required chlorination facilities. 

-10-
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It was not possible in every instance to.locate the concrete 

vault immediately adjacent to the last storm drainage manhole 

before the point of outfall. This was due to the confined 

working space within the MDC parking area created by under

ground utilities. These utilities included a 24-in. sewage force 

main constructed in 1971, a surface drainage system, an elec

trical power conduit, and miscellaneous water lines. 

In those instances where there was not sufficient area to in

stall the concrete vault in the desired location, it was neces

sary to proceed upstream along a lateral drainage pipe to a 

location where an area of adequate size could be found. The 

vault was then installed adjacent to a manhole on the lateral 

drain, and chlorination was accomplished at the lateral drainage 

manhole.· 

-11-
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III. GLOSSARY OF TERMS 

It is considered advantageous to define some of the terms used 

in this report in order to avoid misinterpretation of their 

meaning. 

Chlorination 

Chlorine demand 

Coliform bacteria 

The application of chlorine to water or 

wastewater with the principal objective 

being to destroy the larger,portion of 

micro-organisms present with the prob

ability that all disease producing or

ganisms will also be destroyed. 

The difference between the amount of 

chlorine added to water or wastewater 

and the amount of residual chlorine re

maining at the end of a specified con

tact period. 

A group of bacteria predominantly in

habitating the intestinal tract of warm

blooded animals, but occassionally found 

elsewhere. The identification of this 

group has long been the preferred indica

tor of the potential presence of intesti

nal pathogens in water. 

-12-
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Combined sewer 

Contamination 

Membrane filter 

Milligrams/liter 

(mg/1) 

MPN 

Outfall 

A sewer intended to carry sanitary sewage 

at all times with its component commer

cial and industrial wastes and which, 

during storm or thaw periods, serves as 

a collector and transporter of storm 

runoff, thus serving a combined purpose. 

Any introduction into water of micro

organisms, chemicals, wastes, or waste

water in a concentration that makes the 

water unfit for its intended use. 

A filter made of plastic with a known pore 

diameter which can be used in bacteriolog

ical examination of waters. 

A unit of the concentration of a water 

or wastewater constituent. It is 0.001 

grams of the constituent in 1,000 milli

liters of water. It is replacing the 

commonly used unit, parts per million, 

to which it is approximately equivalent 

in reporting the results of water and 

wastewater analysis. 

Most probable number, an index of the 

number of coliform bacteria per 100 mil

liliters which more probably than any 

other number would yield the observed 

test result. 

The point, location, or structure where 

wastewater or drainage is finally dis

charged from a sewer, drain, or other 

conduit. 

-13-
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Pollution 

Sanitary sewage 

Saline water 

Separate sanitary 

sewer 

Sodium hypochlorite 

Storm sewer or drain 

A condition created by the presence of 

harmful or objectionable material in 

waters in such quantity that its natural 

quality is so altered as to impair its 

usefulness or render it offensive. Con

tamination may accompany pollution. 

Domestic wastewater with storm and sur

face water excluded. 

Water containing dissolved salts, usually 

in the order of 10,000 to 33,000 milli

grams per liter, 

A sewer which carries sewage flows from 

homes, commercial establishments, and 

other structures, and certain types of 

industrial wastes, but from which the 

flow of storm water is barred. Sanitary 

sewers usually carry normal amounts of 

infiltration flows. 

A water solution of sodium hydroxide 

and chlorine in which sodium hypochlorite 

is the essential ingredient. 

A sewer or drain that carries storm water 

and surface water and other wash waters 

or draina~e, but excludes domestic waste

water and industrial wastes. 

-14-
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Storm water or 

storm runoff 

Wastewater 

Wastewater which results from precipita

tion, such as rain or snow, and runs off 

or drains away during and after such pre

cipitatin. 

Liquid and water-carried wastes from 

residences, commercial buildings, in

dustrial plants and institutions together 

with any groundwater, surface water, and 

storm water that may be present. 
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IV. CHLORINATION FACILITIES 

Installation 

The Consultant's Contract with the Division of Water Pollution 

Control stated that any services that were not available from 

the city of Quincy and which were necessary to accomplish the 

project were to be provided by the consultant. Private con

tractors were contacted and requested to submit proposals for 

furnishing labor, supplies, materials, and equipment necessary 

to install the proposed chlorination facilities. 

It was soon discovered that contractors were not interested in 

submitting cost figures for a job of this description, due to 

the many complications that could be encountered. These in

cluded the construction limitations imposed by the numerous 

utilities in the area plus a high groundwater condition that 

could create construction difficulties. In addition, since this 

was an active bathing area, the traffic and parking problem 

within the MDC parking area was also a major consideration. 

Since the estimated dollar value of the project was quite low, 

the margin of profit that could be realized in relation to the 

construction ~isks was low . 

A contractor was eventually found who was willing to submit a 

proposal for constructing the installations based upon a unit 

price per installation. A contract was signed on July 15, 1971 

to perform the following services at each of the chlorination 

installations, 

-16-
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l. Remove pavement, excavate, and backfill for installa

tion of precast concrete utility vaults, electric con

duit, and chlorine solution lines. Excess excavated 

material was to be disposed off of the job site. 

2. Furnish and place a precast concrete utility vault 

complete with 24-in. cast iron frame and cover. 

3. Furnish and install all materials necessary to provide 

electric power to each of the utility vaults. 

4. Furnish and install a 1-in. polyethylene pipe under

ground from each utility vault to an existing storm 

drainage manhole on the storm drainage system. Pipe 

was to be used to contain a chlorine solution discharge 

line and was to be installed through the walls of the 

utility vault and the storm drainage manhole. 

S. Replace and restore all pavement and curbing where 

disturbed. 

The chlorination facilities installed at each of the storm 

drainage outfalls where treatment was ultimately to be provided 

were identical and consisted of chlorine solution storage tanks, 

chemical feed pumps (hypochlorinators), piping, electrical equip

ment, and the other appurtenances necessary for feeding the 

chlorine solution. All of the above equipment was housed in an 

underground concrete utility vault to which the electrical power 

was furnished via a buried conduit from an existing power sup

ply used to furnish electric power for lighting along Quincy 

Shore Drive. 

A schematic diagram of a typical chlorine installation is shown 

on Fig. III. 

-17-
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Description 

The following description is presented of the component parts 

that made up the complete chlorination installation at each sta

tion. All equipment used in the project was to remain the prop

erty of the Massachusetts Division of Water Pollution Control. 

Concrete vault. The type qf unit selected to house the chlorin

ation installations was a ''Utility Vault'', 

factured by American Precast Corporation. 

cast concrete vault consisting of a base, 

top. The vault has overall dimensions of 

with a height of 5 ft-2 in. This provided 

a 

5 

so-called, as 

The unit is a 

mid-section, 

ft by 8 ft-9 

about 4 ft of 

manu-

pre-

and a 

in. 

head-

room,within the vault. The reinforcing is adequate for an H-20 

wheel loading; therefore it is suitable for placement within the 

parking area. A 24-in. cast iron manhole frame and cover placed 

at grade was furnished to provide access to the vault. 

Chemical feed pump. A rota-dip type feeder was investigated for 

proportioning the sodium hypochlorite solution during the early 

planning stages of the project when it was proposed to locate the 

chlorination facilities within the manhole to be chlorinated. 

It was determined that the cost of this type feeder exceeded the 

amount of money available. In addition, when it was determined 

that the chlorination facilities were to be placed remotely from 

the manholes to be chlorinated, a single positive displacement 

type pump was selected for use at each installation. The pumps 

were sized so that they could each deliver the peak dosage re

quired at each installation. 

The pumps furnished were diaphragm type volumetric metering 

pumps driven by a 1/6 hp electric motor. The feed rate of each 

pump was 

gal/hr. 

manually adjustable within the range of 0.1 to 1.0 

By feeding a 12-1/2 percent sodium hypochlorite solu-

tion containing about 1.2 lb of available chlorine per gallon, 

-19-



I 
I 
t 

' t 
I 

' f 

' I 
f 
I 
t 
I 
t 
I 
·I 
I 
I 

the pump was capable of introducing from 0.12 to 1.2 lb of 

available chlorine per hour. 

Each pump was mounted on a shelf attached to the wall of the 

utility vault at a suitable height to allow withdrawal of the 

chlorine solution from the chlorine storage tank. 

Chlorine storage tanks. The storage for chlorine solution was 

provided at each installation by a 55 gal polyethylene tank. 

The storage capacity furnished was adequate to provide chlorine 

solution for about 10 days use, based upon what was determined 

to be a starting trial dosage. The storage tank was placed 

within the underground concrete vault so that filling could be 

accomplished from the parking area through the manhole provided 

in the roof of the vault. 

Electrical power. The matter of providing electrical power to 

each of the chlorination installations was quite involved when 

considering the small electrical requirement. A buried elec

trical supply conduit extends the full length of Quincy Shore 

Drive and supplies electrical power for all of the street 

lighting standards that are located along the Quincy Bay side of 

Quincy Shore Drive. Massachusetts Electric Company supplies 

power to and also owns and maintains the aluminum street lighting 

standards. The aluminum standards are mounted on concrete bases. 

The MDC owns the concrete bases and the buried electrical supply 

conduit. Since the electrical conduit was continuous between 

lighting standards, permission could only be obtained to make a 

connection into the supply line within the base of the aluminum 

lighting standard. 

Electrical power taken from this conduit for use at each of the 

chlorination installations was purchased by the city of Quincy 

from the Massachusetts Electric Company. It was necessary to co-

ordinate efforts between all parties concerned in order to reach 

an agreement to allow the city of Quincy to tie into the exist-
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ing power cables and to purchase power from Massachusetts Elec

tric Company on a flat rate basis. The rate charged for elec

trical power was approximately $8.50/month/installation or a 

total of $51.00/month for the six installations. 

Piping and associated equipment. The suction line between the 

storage tanks and the chemical feed pump and the discharge line 

from the pump to the point of ultimate discharge was 1/4-in. 

flexible tubing. The 1/4-in. discharge tubing from the con

crete vault to the storm water manhole was enclosed in a 1-in. 

polyethylene conduit laid about 2 ft below the surface of the 

paved parking area. The polyethylene conduit not only provided 

protection against collapse for the 1/4-in. discharge line, 

but also provided a means of feeding the 1/4-in. line and with

drawing the same should this become necessary for cleaning. 

Cost of Installation 

In order to obtain a firm estimate for the installation of the 

chlorination facilities, a specification was prepared covering 

the work to be performed and a price proposal was solicited 

from a contractor. 

An estimate of costs made prior to the start of construction 

indicated that there were sufficient funds available to install 

chlorination facilities at only six of the eight outfall loca

tions. The decision was made to eliminate chlorination at the 

two northernmost locations. The decision was based, in addition 

to the cost factor, on the following reasons. 

1. Little if any bathing takes place in the vicinity 

of these outfalls 

2. Space limitations and the physical set up of the out

falls at these two locations were such that it was not 
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feasible to attempt to install chlorination facilities 

at station Nos. 1 and 2. 

A summary of the cost of the chlorination installations at the 

six outfalls is set forth below. 

Chlorination installations 
6@ $1,320. each 

Pavement replacement 
177-1/3 sq yd@ $5.00/sq yd 

Chlorine feed pumps 
6@ $279.00 each 

Chlorine storage tanks 
6 @ $31. 00 each 

Tubing 
300@ o.25/ft 

Total 

Average cost/installation 

-22-
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V. STORM DRAINAGE OUTFALLS 

The outfalls or stations are numbered from north to south with 

station No. 1 being at the northerly end of Quincy Shore Drive 

in the vicinity of East Squantum Street. 

It is beyond the scope of this report to investigate the extent 

of the drainage systems and the characteristics of the drainage 

areas tributary to each of the outfalls under investigation. 

Plans showing the drainage system along Quincy Shore Drive were 

obtained from the Metropolitan District Commission, and as much 

of the essential information as required for completeness of 

the report was obtained from these plans and is included in 

the following descriptions. 

Description of Outfalls 

The following descriptions and sketches of the eight storm 

drainage outfalls are included as a part of this report, in 

order to furnish background material relative to the storm 

drainage system in the vicinity of each of the chlorination 

installations. 
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Station No. 1. Station No. l is a 24-in. concrete drain termin

ating at a concrete headwall. A 5 ft diameter drain manhole is 

located on the 24-in. drain upstream from the discharge. The 

drain manhole is located between a steel guard rail and a gran

ite curbing placed along the edge of the pavement. Four 12-in. 

drainage lines enter this manhole. 

The amount of area available for installing the concrete vault 

was extremely limited at this station. The discharge at this 

location is to a marshy area and as a result no signi.ficant I a~ount of bathing takes place in the vicinity of the outfall. 
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Station No. 2. Station No. 2 is a 24-in. reinforced concrete 

drain located opposite Ocean Street. The drain discharges at a 

point just below the riprap that has been placed for shore pro

tection. The first upstream drainage manhole is located within 

the paved traveled way of Quincy Shore Drive. Five 12-in. 

drains discharge to this manhole. 

Space was extremely limited at this station and it was not 

practical to locate a concrete vault adja6ent to this manhole 

since the manhole was within the traveled way of Quincy Shore 

Drive. The beach at the outlet from station No. 2 is not a 

sandy beach and therefore very little bathing takes place at 

this location. 
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Station No. 3. Station No. 3 is located between Webster and 

Appleton streets. The drain which discharges at this location 

is an 18-in. vitrified clay drain that extends into Quincy Bay. 

The first manhole located upstream from the outlet end of the 

drain is situated within the MDC parking area that is located 

adjacent to Quincy Shore Drive. The drainage manhole is lo

cated on a 12-in. reinforced concrete drain that runs along 

Quincy Shore Drive. Four 12-in. drains and one 18-in drain 

enter the manhole. 

It was not possible due to space limitations to locate the pro

posed chlorination installation immediately adjacent to the 

downstream manhole. The chlorination facilities were installed 

adjacent to a lateral drain manhole located about 110 ft north

erly of the outfall manhole. 
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Station No. 4. Station No. 4 is located between Milton Road 

and Hollis Avenue. Drainage is discharged at this location 

through a 36-in. concrete pipe that passes under the concrete 

seawall. There are two drain manholes located on the bay side 

of the seawall plus a third manhole located within the paved 

parking area and upstream from the two just mentioned. Four 

12-in. drains and a 36-in. drain discharge to the manhole lo

cated in the parking area. 

It was necessary to locate the chlorinator facilities for this 

outfall at a distance of _about 400 ft southeasterly of the 36-in. 

drain. The chlorine solution was discharged into a manhole 

located on a 12-in. lateral drain that discharges to the man

hole on the 36-in. drain. 
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Station No. 5. Station No. 5 is located opposite Carle Road. 

The surface drain that discharges at this location is a 24-in. 

vitrified clay pipe. This drain does not appear to intercept 

surface drainage from Quincy Shore Drive; but does carry storm 

water originating along Carle Road and possibly upstream from 

Carle Road. 

' The downstream manhole is located on the water side of the 

concrete seawall. The chlorination facilities were located 

within the paved parking area and just northerly of the 24-in. 

drain. Chlorine solution was brought to the drain manhole by 

means of a chlorine discharge line that was placed through the 

seawall. 
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Station No. 6. Station No. 6 is located between Vassal and 

Beach streets. The drainage outfall at this location consists 

of a 66-in. reinforced concrete pipe. Sachem Brook, which has 

a sizeable tributary area westerly of Quincy Shore Drive, out

falls through this 66-in. drain. There was no access manhole 

on this drain easterly of Quincy Shore Drive. 

There are two 10-in. vitrified clay pipe drains plus a 15-in. 

reinforced concrete pipe drain tied directly into the 66-in. 

reinforced concrete drain within the parking area. It was 

necessary to locate the chlorination facilities adjacent to a 

manhole on the 15-in. drain at a distance of about 100 ft north

westerly of the 66-in. drain. 
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Station No. 7. Station No. 7 is located opposite Sachem Street. 

The drainage outfall at this station is a 54-in. concrete pipe. 

A 12-in. drain is connected to the 54-in. drain within the 

paved parking area. Due to space limitations immediately ad

jacent to the 54-in. drain; the chlorination facilities were 

located adjacent to a manhole on the 12-in. drain about 220 ft 

northwesterly of the 54-in. drain. 
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Station No. 8. Station No. 8, which is the most northerly 

station, is located about 340 ft northerly of station No. 7. 

The drain at this location is a 36-in. concrete pipe. The drain 

passes through a concrete tide gate chamber located within the 

parking area. Two 12-in. drains and an 18-in. drain discharge 

to the tide gate chamber. 

The chlorination facilities were located adjacent to a drain 

manhole located on the upper end of the 18-in. drain at a dis

tance of 60 ft southeasterly of 36-in. drain. 
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VI. CHLORINE 

Sodium Hypochlorite 

The decision to use sodium hypochlorite solution was made prior 

to the start of the demonstration project and the study there

fore did not consider using any other chemical as a source of 

chlorine. Chlorine is a powerful oxidizing agent with a high 

solubility in water. Sodium hypochlorite is usually furnished 

in strengths varying from 5 to 15 percent of available chlorine. 

It is commonly referred to as liquid bleach. The solution is 

more unstable at high concentrations and the strength is af

fected by exposure to heat and light. In the 12-1/2 percent 

strength range, sodium hypochlorite can be stored up to 1 or 2 

months with little significant loss in strength if proper pro

tection from heat and light is provided. 

Sodium hypochlorite is quite easily fed from storage tanks using 

positive displacement type pumps. The application of sodium 

hypochlorite for wastewater treatment achieves the same ultimate 

result as does the application of chlorine gas. Sodium hypo

chlorite is quite easily handled and offers a lesser maintenance 

problem with pumping and/or metering equipment than does high 

test calcium hypochlorite. Even so, sodium hypochlorite solution-

when fed at a strength stronger than a 2 percent solution-

requires frequent acid purging of the chemical feed pumps to 

prevent accumulation of scale deposits that interfere with the 

pumping mechanism. 
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The hypochlorite solution used in this demonstration project 

was delivered as a 12-1/2 percent available chlorine ,solution. 

A 12-1/2 percent solution contains about 1.2 lb of available 

chlorine per gallon of solution. No attempt will be made in 

this report to present an in-depth description of the chemistry 

involved in the chlorination of wastewaters which can become 

quite' complicated when the numerous side reactions are considered. 

The initial reaction of sodium hypochlorite and water, or 

wast·ewater, is presented as follows. 

+ -NaOCl + H
2

0 ~ HOCl + Na (OH) 

Chlorine in water may be present as free available chlorine in 

the form of hypochlorous acid or hypochlorite ion or both. 

At a pH of 11 or 12, which is the pH of sodium hypochlorite solu

tion, the HOCl is almost completely dissociated to the less ef

fective hypochlorite ion, OCl-. It is advantageous to feed 

hypochlorite solution in as dilute a solution as possible 

(0.5 - 1.0 percent) in order to lower the pH and have more of 

the active ingredient, HOCl. Since chlorine storage capacity 

was somewhat limited and since the high pH condition associated 

with stronger chlorine solutions existed only momentarily at the 

interface of the hypochlorite solution and the wastewater being 

treated, it was decided to store and feed the sodium hypochlorite 

solution at the strenth received--12-1/2 percent. 

Dosage of Chlorine 

The chlorination systems were put into operation during the 

first part of July 1972 and were operated continuously until the 

end of September 1972. The operation of the chlorination systems, 

with respect to the dosage of chlorine, was based on a chlorine 
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demand analysis as determined from one set of samples collected 

from the eight outfalls during the summer of 1970. The analy

sis indicated a chlorine demand between 2 to 5 mg/1. There 

was no indication as to the quantity of flow from each of the 

outfalls at the time of the sampling. Also, it is quite pos

sible that these samples were collected from the overlying 

waters in the vicinity of the outfalls and were therefore not 

represenative of what was actually discharging from the outfall. 

It was beyond the scope of this report to attempt to gauge flows 

or authenticate chlorine demands over varying conditions. It 

was considered reasonable to start the chlorination facilities 

at a trial dosage of 5 gal of hypochlorite solution over a 

24-hr period. This is equivalent to 6 lb of chlorine being fed 

per day. This quantity of chlorine will dose 145,000 gal of 

wastewater at 5 mg/1. 

A chlorine feed pump was selected for each installation 

capable of introducing chlorine between a range of 2.88 to 28.8 

lb of chlorine in a 24-hr period based upon each gallon of 

chlorine solution containing 1.2 lb of chlorine. 

Method of Operation 

Chlorination was accomplished by setting the chemical feed pumps 

to dose the chlorination solution at a 

to 6 lb of chlorine in a 24-hr period. 

constant rate equivalent 

The cost of installing 

automatic equipment that would alter the dosage in response to 

variations in flow and chlorine demand was in excess of the a-

mount of funds available. It was assumed that the chlorine 

demand of the water, in lb/day, was fairly constant even though 

the rate of flow from the outfalls varied significantly between 

wet and dry periods. Whether or not this assumption was cor

rect was not verified during this study and can only be deter

mined by an extensive sampling program undertaken over varying 

conditions. 
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During periods of high tide, sea water flowed into the outfall 

pipes and flooding often took place at the upstream manholes 

into which the chlorine solution was being added. Relatively 

clean sea water usually has a low 15 minute chlorine demand 

(less than 2 to 3 mg/1). Large quantities of sea water in 

contact with the chlorine solution being added had a tendency 

to reduce the effectiveness of the chlorine as a bactericidal 

agent. 

Purchase of Hypochlorite Solution 

It was the responsibility of the city of Quincy, Department of 

Public Works, to arrange for the purchase and delivery of the 

sodium hypochlorite to be used during the demonstration proj

ect. Bids were requested by the city, and the low bidder agreed 

to furnish the 12-1/2 percent sodium hypochlorite at a price of 

40¢/gal. This price included delivery to the site and place

ment in the chlorine storage tanks located in the underground 

vaults. 

Delivery of the sodium hypochlorite was made on a routine basis 

by the supplier and it was his responsibility to arrange his 

delivery schedule to assure that the storage tanks did not be

come excessively low between fillings. It was the responsibility 

of others to maintain a record of filling for each of the hypo

chlorite storage drums noting the amount and time of fill. 

Unfortunately, a record was not kept of the quantity of sodium 

hypochlorite delivered to each installation. The only record 
r 

kept by the supplier was the total number of gallons delivered 

to all of the installations on each delivery date. Since each 

hypochlorinator was set to deliver the same amount of chlorine, 

the assumption was made that an equal quantity of solution was 

used at each installation. The quantity of sodium hypochlorite 

used during the 1972 bathing season is shown in Table 1. 
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Date of 
Delivery 

6/15/72 

6/19/72 

7/20/72 

8/3/72 

8/7/72 

8/15/72 

8/24/72 

9/6/72 

9/18/72 

It is noted 

Table 1. Quantity of 12-1/2 Percent 
Sodium Hypochlorite Used 

Number of Days Gallons/ 
Gallons Expired Day 

300 Initial 
Delivery 

300 4 75 

275 30 9. 2 

160 14 11.4 

320 2 80 

280 8 35 

280 9 31 

500 13 38 

375 12 31 

that during the last month of operation 

Gallons/Day/ 
Installation 

12.5 

1.5 

1. 9 

13.3 

5. 8 

5.1 

6 . 3 

5.1 

the average 

usage per installation exceeded by only a slight amount the 

quantity of 5 gal/day/installation that was initially determined 

to be a reasonable dosage. 
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VII. BACTERIAL DETERMINATIONS 

Sampling Procedures 

Samples for bacterial determination were collected by a rep

resentative of the city of Quincy and delivered to the Lawrence 

Experiment Station of the Massachusetts Department of Public 

Health for analysis. 

In most instances, samples were collected twice daily on those 

days selected for sampling. Samples were usually collected on 

Tuesday of each week. The first set of samples on a given day 

was collected between 6:30 a.m. and 8:30 a.m. with the second 

set collected between 9:30 a.m. and 11:30 a.m. Sampling was 

always done by starting at the southerly outfall (No. 8) and 

proceeding in a northerly direction. 

In order to duplicate the samples as closely as possible, the 

following instructions were given to the person responsible for 

the collection of the samples. At those periods of time when 

the tide was high and water covered the outlet end of the out

fall, a sample of the receiving water was to be collected ad

jacent to the outfall at a depth of about 1 to 2 ft. When the 

outlet end of the outfall was exposed, samples were to be taken 

directly from the outfall if there was a discharge therefrom. 

But, if there was no discharge occuring at the time of the samp

ling, a sample of the receiving waters nearest to the outfall 

was to be collected. The conditions under which the samples 
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were collected were to be noted. The person collecting the 

samples was also instructed to verify whether the chlorine pumps 

were in operation. 

Bacterial Results 

Samples were analyzed for total coliform by use of the membrane 

filter technique and were reported as coliform bacteria per 

100 ml. The membrane filter technique provides a direct plating 

method for detecting and estimating the density of coliform 

bacteria present in a sample. When the membrane filter tech

nique is used, the results obtained are lower than if the mul

tiple-tube fermentation technique is used. The total number of 

coliform bacteria in a sample of water has been used for years 

as the standard test for bacterial quality. Since members of 

the coliform group are found by the billions in fecal matter 

and are hardier than other coliforms, their survival in treated 

waters--such as chlorinated storm waters--is considered a good 

indication of how well the treatment is being accomplished. 

After sampling had been conducted for about 2 weeks, the Divi

sion of Water Pollution Control requested the laboratory to 

make a determination of chlorides on each sample to aid in 

final interpretation of the bacterial results. 

The outfalls under study are supposedly for the discharge of 

storm water only. It is most probable, based upon the results 

of bacterial analysis of s.amples collected, that wastewater 

in addition to stormwater is entering 

and is being discharged through these 

waters along Wollaston Beach. It was, 

the storm drainage system 

outfalls to receiving 

beyond the scope of 

this report to ascertain the sources of pollution causing the 

high bacteria counts. The results of the bacterial determina

tions are given in Table 2. 
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I 
Station No. 1 

I Date 
Collected Coliform/ Chlorides 

(1972) 100 ml mg/1 

I July 

I 10 7,900 
18 410,000 
18 750,000 

I 19 500,000 
25 1,400,000 
25 1,600,000 

I 
31 400,000 

I 
August 

1 300 
1 500,000 

I 15 50 17,400 
15 50 13,400 
22 58,000 5,400 

I 
22 400 17,000 
29 400,000 8,400 
29 500,000 9,000 

I September 

I 5 200,000 5,400 
5 11,000 15,200 

12 310,000 5,600 

I 
12 260,000 5,800 
19 50 16,000 
19 
26 250,000 10,400 

I 26 

Arithmetic 

I 
Average 360,000 

I 
Median 260,000 
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Table 2. (Cont.) 

I 
Station No. 2 

I 
I 

Date 
Collected Coliforra/ Chlorides 

(1972) lCO ml n".g/1 

I July 

I 
10 8,500 
18 600 
18 100 
19 60 

I 25 100 
25 100 
31 400 

I 
August 

I 1 300,000 
1 100 

15 400 ·12,000 

I 15 200,000 4,400 

22 50 17,200 

22 1,000 17,400 

I 29 50 17,400 

29 50 17,400 

I September 

5 50 9,200 

I 5 1,200 16,400 

12 50 17,000 

12 100 16,800 

I 
19 100,000 4,600 

19 
0' 100 16,800 
~o 
2G 

I Ari th~::.etic 
;,ver·,c.g-2 29,000 

I 
VieSic.r! 100 

I 
I -40-
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Station No. 3 

I 
I 

Date 
Collected Coli:forrr:./ Chlorides 

(7 972) 100 ml mc/1 . D 

I July 

I 
10 500,000 
18 200 
18 52,000 

I 
19 1,000 
25 18,000 
25 50 
31 2,000 

I 
August 

I 1 185,000 
1 350,000 

15 18,000 '13,000 

I 15 7,000 1,200 
22 1,100 17,1+00 
22 50 17,1+00 

I 29 1+5, 000 15,000 
29 6,000 11+,1+00 

I September 

5 16,000 5,400 

I 5 1,000 17,000 
12 1,1+00 12,1+00 
12 1,000 11,800 

I 
19 12,000 15,600 
19 5,200 11,1+00 
26 800 11,1+00 
26 1,000 11,800 

I Arithmetic 
/.._vera5e 53,000 

I 
?Iedian 5,200 

I 
I -1+1-
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I 
Station No. 4 

I 
Date 

Ccllected Colifor;n/ Chlorides 
(1972) 100 r.il mg/1 

I July 

I 10 300 
18 3,000 
18 4,000,000 

I 
19 1,200,000 
25 300,000 
25 1,300 
31 190,000 

I 
August 

I 1 100 
1 5,000 

15 2,400 '17,000 

I 15 so 10,000 
22 3,000 17,000 
22 100 17,400 

I 29 500,000 7,800 
29 450,000 9,400 

I September 

s 500,000 3,600 

I 5 I 1,300 15,000 
12 110,000 10,400 
12 85,000 5,400 

I 19 1,700 15,800 
19 200,000 10,600 
26 200,000 2,400 

I 
25 120,000 2,000 

Ar•i·t}'uaetic 
Ave.cage 340,000 

I 
'f , • 85,000 1·,ecian 

I 
I -42-
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Table 2. (Cont.) 

Station No. 5 

I 
Date 

I Collect-2d Coliform/ Chlo~ides 
(1972) 100 ml mg/1 

I July 

I 
10 400,000 
18 5,600 
18 20 
19 200 

I 25 500 
25 100 
31 100 

•• August 

I 1 420,000 
1 100 

15 9,000 16,800 

I 15 250,000 5,000 
22 50 17,400 
22 50 17,t+OO 

'I 29 50 13,600 
29 50 9 ,1+00 

I September 

5 300 lt+,000 

I 5 2,800 16,200 
12 50 10,600 
12 50 8,1+00 

I 
19 2,500 15,t+OO 
19 
26 50 7,800 
26 50 8,1+00 

·1 Arithmetic 
Average 50,000 

I 
Medic:;.n 100 

I 
I -43-
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I 
Station No. 6 

,. Date 
Collected Coliform/ Chloride:3 

(1972) 1 0 O mi mg/ l 

I July 

I 
10 8,000 
18 3,000 
18 32,000 
19 12,000 

I 25 30,000 
25 200 

-· 31 600 

I 
August 

' 
1 200,000 
1 50,000 

I 
15 1,400 '17,600 
15 4,000 12,soo 
22 700 16,400 
22 1,000 16,800 

I 29 600 4,600 
29 1,000 885 

, 

I September 

5 900 12,000 

I 5 800 17,000 
12 200 3,000 
12 800 2,200 

I 
19 8,000 16,400 
19 4,800 8,000 
26 50 1, 2 o,o 
26 50 1,600 

I Ari tt:.TT'.etic 
Averaze 16,000 

I 
Mediar: 1,000 

I 
I 
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Table 2. (Cont.) 

Station No. 7 

' I Date 
Collected Coliform/ Chlorides 

~· (1972) 100 ml mg/1 

I July 

I 
10 10 
18 15,000 
18 2,000,000 
19 200,000 ,, 25 50 
25 so 
3 ]_ 40,000 

I August 

I 1 300 
l 100 

I 
15 100 '17,000 
15 50 17,400 
22 300 17,400 
22 50 17,200 

I 29 85,000 5,400 
29 58,000 5,800 

I September 

5 110,000 5,400 

I s 300 16,400 
12 100,000 5,600 
12 110,000 4,800 

I 
19 1,200 16,400 
19 1,400 16,200 
26 16,000 3,400 

I 
26 17,000 4,400 

f,.r i thm::!tic 
Average 120,000 

I 
He.Gian 1,400 

I 
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I 
Station No. 8 

V 

Date 

•• Collected Coliforin/ Chloride::; 
(1972) 100 ml r.,g/1 

'.· 

I July 

I 
10 200,000 
18 800,00 

-_.,. 18 1,400 
19 200 

I 25 48,000 
25 300 
31 100 

I -- August 

' 
1 350,000 
1 250,000 

15 35,000 700 

I 15 120,000 800 
22 50 17,000 
22 50 17,400 

I 29 50 16,400 
29 50 14,200 

'I Septenber 

5 200,000 5,600 

I 5 500 16,200 
12 50 13,200 
' ~ 50 10,800 
.L L . ,· 19 400 17,000 

I 19 100 16,400 
26 50 9,400 
:IG 50 9,400 

I Arithr:t2tic 
!-.. ~, c. r ,-.1;~ •~::.. 87,000 

I i1c':diaI;. 300 

I ,, 
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There was insufficient background data available at these out

falls during past seasons to be able to make a comparison and 

evaluation as to the effectiveness of the current chlorination 

program in reducing bacterial counts at the storm drainage out

falls. The median bacterial count at each of the stations 

where chlorination took place is summarized as follows. 

Median Bacterial Count 

Station Coliform/100 ml 

3 5,200 

4 85,000 

5 100 

6 1,000 

7 1,400 

8 300 

Two out of the six stations met the criteria concerning coliform 

bacteria that states that coliform bacteria per 100 ml _are not 

to exceed a median value of 700. None of the six stations met 

the criteria that states that coliform bacteria per 100 ml 

shall be not more than 2,300 in more than 10 percent of the 

samples during any monthly sampling period. 

Station No. 4, which showed the highest median count, was a 

location at which the chlorination facility was placed by neces

sity at an upstream manhole located at a distance of approx

imately 400 ft from the manhole to be chlorinated. It was ex

pected that the chlorine solution that was introduced at the 

manhole located on a 12-in. lateral drain would flow through 

the drain and eventually discharge to the 36-in. outfall sewer, 

Upon investigation it was determined that the chlorine solution 

was being retained in depressions in the 12-in. drain formed by 

the slight rise and fall of the invert. An attempt was made 
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during the latter part of the project to remedy this situation 

by extending the discharge line from the chemical feed pump 

through the 12-in. drain to the 36-in. drain so that chlorine 

solution would discharge directly to the 36-in. drain. Only 

one sample was collected following the extension of the dis

charge line; therefore, no conclusive results could be drawn 

as to its effectiveness. 

Samples collected when the outfalls were submerged usually ex

hibited low bacterial counts. These samples were collected from 

overlying seawater and had chlorides in the 12,000 to 17,000 mg/1 

range. The low bacterial counts were due in part to the dilu

tion effect of the relatively clean seawater. In addition, the 

stage of the tide was such that the contaminated water could not 

discharge from the outfalls until the tide had receded. 

Should a chlorination evaluation program take place in the fu

ture, it would be better to collect samples from the outfalls 

only during those periods when the outfall was accessible and 

a sample could be collected directly from the outfall. 

Chlorination took place in every instance in facilities that 

existed rather than in facilities that were designed specifically 

as chlorine detention chambers. The contact time could not be 

controlled and therefore varied considerably at each outfall 

depending upon the length of outfall downstream from the chlor

ination manhole, quantity of flow in the outfall, and the stage 

of the tide. Successful reduction of bacteria is very much a 

function of contact time between the waters being chlorinated 

and the chlorine solution. The control of chlorination and the 

efficient use of chlorine becomes a complex problem unless the 

period of contact can be controlled within reasonable limits. 
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VIII. MISCELLANEOUS 

Numerous studies have been conducted in the past and reports 

have been written thereon pertaining to chlorination practices. 

It is important that certain aspects of this project be reported 

upon other than those having direct relation to the chlorina

tion of the storm water. There were factors that had to be re

solved having to do with coordination of efforts between people 

and agencies that became an integral part of the project. The 

total amount of money allocated for the project was $20,000. 

This was used to purchase and install all necessary chlorina

tion equipment including the necessary facilities to house 

the equipment; and to provide engineering services in connec

tion with design of the facilities and preparation of a report 

evaluating the outfall chlorination approach as a method of con

trolling water quality. It is quite evident that the dollar 

value of the project was quite small; however, the amount of 

coordination that had to take place was rather significant. 

This is mentioned so that should a similar tYPf project be pro

posed in the future, those in responsible charge will be aware 

of the liaison work that must be accomplished in order for the 

project to proceed. 

It was necessary to contact the following people and organiza

tions during the period of time covered by the project. 
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Organization 

Mass. Dept. of Public Health 

Mass._ Division of Water 

Pollution Control 

Metropolitan District Commission 

Parks Division 

Sewer Division 

Construction Division 

Old Colony Division 

City of Quincy 

Health Department 

Public Works Department 

Equipment Suppliers 

Contractors 

Purpose 

General coordination and ar

rangement for analysis of bac

terial samples 

General coordination, scheduling 

of bacterial sampling, advice, 

and approval 

Construction Permit 

Plans showing MDC utilities 

As-built plans of Wollaston 

Beach area 

General approval, traffic con

trol arrangements, electrical 

installation 

Bacterial sampling program 

General coordination of proj

ect, installation of chlorine 

feed pumps, purchase of chlorine 

solution, general maintenance 

of chlorination installations, 

off-season storage of equipment 

Purchase of chlorine feed pumps 

and appurtenant equipment 

Installation of chlorination fa

cilities including connection to 

existing storm drainage system, 

electrical work, pavement re

placement 
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