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• CHAPTER 1

INTRODUCTION

Report Structure

As shown on the inside cover, the study results are
presented in a series of volumes.
T~~~Thi3 ~~~~~~~~ Technical Data Vol. 2, Engineering

Criteria anq~covers the engineering criteria used in theproject including the bases of estimating wastewater flows,
sewerage needs, and costs. —

C>Projections of sewerage needs and wastewater flows
are made for each community. Several communities, however,
have been broken down into smaller subdivisions in order

• to more accurately represent their effect on the MDC sewer—
age system. These are Brookline, Milton , Newton, and Boston.

i-i 
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CHAPTER 2

• DRY-WEATHER FLOW

General

The purpose ‘of the planning phase of the water
pollution control project presented in Technical Data
Vol. 1, Planning Criteria was to provide the data needed
to form the basis for developing wastewater quantities

• expected from each community. Such wastewater quantities
are then used to determine the size and extent of’ various
conveyance and treatment facilities needed for water
pollution control.

This chapter presents the methodology, bases and
quantities determined.

Dry—Weather Flow Quantification Procedure

The approach to the quantification of dry—weather
wastewater flows for the various design periods is shown
on Figure 2— 1.

The basic data used are: (1) population and indus-
trial activity served by sewers which are used as a measure
of future need ; (2) water consumption experience which is
used as a measure of estimating sewage flows; and (3) flow

• measurements along with the type and age of sewers which
are used as a measure of’ Infiitration/inf low allowance.
Each of these parameters is discussed In the following

• chapters.

Total Dry—Weather Flow

As shown on Figure 2—1, the total dry—weather flow
consists of sewage flow from domestic wastewater, industrial
wastewater and infiltration. Projections by community for
each of these are presented respectively in Chapters LI, 5
and 6.

During the progress of this study , various inven-
tories for Industrial wastes contributions were made in
arriving at total dry—weather flow. The total flows
presented in Table 2—’ ~Lre the final flows developed for
determining facilities needed. However, in quantifying
sewerage needs for the various concepts during the early
stages of the study , flows were slightly different.

2-1
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CHAPTER 3

POP~JLATION AND ECONOMIC ACTIVITY SERVED

General

Total regional projections of population and economic
activity were made to the year 2050 and have been presented
in Technical Data Vol. l~ Planning Criteria. Economic activ-
ity was reported in the form of employment. These projec-
tions recognize recent trends for a decreasing rate of growth
in population and reflect regional totals believed to be
realistic rather than the optimistic data generally used in
sewerage planning. Similarly, economic projectiol-Us were made
recognizing decreasing activity in manufacturing regions but
Increasing activity in service—type employment.

Allocation of total regional population and economic
activity to the various communities was carried out using
the EMPIRIC Model and was based on factors such as accessi-
bility, developability, and availabIlity of utilities along
with constraints.

The relative Importance of each factor was estab—
• lished from evaluating the experiences of the 1960 to 1970

time period. Accessibility was measured by availability
of transportation. The State Transportation Plan including
highways and mass transportation was used as the future
criteria.

Developability was measured by the land available
for development in each community. Any area planned for
open space retention for recreation, conservation, etc.

• or by a regional, state, or Federal agency was excluded
from being available for development. Similarly, any land

• not suitable for development due to physical features was
excluded from being available for development.

Projected sewerage system availability was based
on regional and community utility plans. In those cases
where no sewer systems existed and where no plans for
sewerage had been made, the initiation of a sewerage
system was based on comparing average densities of’ resi-
dential development with past experiences in sewerage
service growth in EMMA communities.

Population Served

Seasonal Population Allowance. Twelve towns within
the EMMA area were considered to have seasonal variations
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In population that would be significant enough to produce
fluctuations in wastewater flows. For these twelve towns,
all of which are located along the seacoast, a 1970 expel’—

• ience value representing the relationship between seasonal
• and year—round population was developed as shown in

Table 3—1. These values were decreased linearly to a
value of 1.00 in the year 2000, at which time it was felt
that the fluctuation in populations due to seasonal changes
in the EMMA area would not be significant.

TABLE 3—i. ALLOWANCE FOR SEASONAL
POPULATION IN 1970

Ratio of seasonal to(1)Town permanent population

Cohasset 1.02
Duxbury l.OLI
Gloucester 1.10
Hull 1.57
Ipswich 1.10
Manchester 1.08
Marblehead 1.03
Marshfield 1.23
Nahant 1.09
Rockport 1.22
Scituate 1.19
Winthrop 1.02

1. For all other communities in the EMMA area,
the ratio is 1.

• Sewered Population. The sewered population for
1970, the base year, was obtained from community data or
from applicable engineering reports. Projections for
future years were made through 2050.

In making projections for sewered population, past
• engineering and planning reports were reviewed. In addi-

tion, the percent of population served in each sewered
EMMA community as related to the average density of resi-
dential development in that community was determined and
is shown on Figure 3—1. This was used as an additional
guide in estimating sewerage needs for the various years
on the basis of projected density of sewers, and was
especially necessary where no projections had been made
earlier. On the basis of Figure 3—1, an average popula—
tion density of about seven persons per residential acre

3—2
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was used as the criteria for initiation of’ a sewerage
system. In addition to the above, a constraint was
placed on the rate of sewer expansion in those cases where
the rate of local sewer implementation was high. The
estimated percent population sewered Is shown in Table 3—2.

The population served by sewers in each community
for 1970, 2000, 2020, and 2050 is shown in Table 3—3.

Area Sewered

The sewered area in acres for 1970 was developed
by transferring the sewer boundaries in each community
from the town sewer maps to an overlay of U.S.G.S. Map
(Scale 1” = 2,000’) and planimetering the area. Subse-
quently, the service areas were projected for each
community through 2050, as shown In Table 3—3.

Projections of sewered acres were made using the
1970 density sewered development along with projected
future populations served. The density of sewered devel-
opment in 1970 was calculated as sewered population
divided by sewered areas. This follows the assumption
that the future residential development in sewered areas
In a community will continue at the present density in
sewered areas.

In those communities where there were no sewers in
1970, the density of sewered development was taken as the
residential density (total population divided by residen-.
tial acres) found In Technical Data Vol. 1.

The estimate of sewered acres was examined to see
that two constraints are met : (a) sewered acres could not
decrease over time and (b) sewered acres could not be
greater than the total used acres in a community for that
time period . The latter case generally applied to near
full development conditions where an increase in develop-
ment density was expected rather than in service area.

Economic Activity Served

The approach taken in this study was that unless an
industry, institution or commercial facility was known not
to be discharging wastes to a municipal system, it was
assumed to do so.

In those cases where facilities were located remotely
from a service area, this was clear. In addition, it was
clear where discharges to a stream were made resulting In

3 1 4
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issuance of a permit. The prime area for interpretation
was left to conditions where an on—lot disposal system
existed within a service area.

• 
•

• In making projections, it was assumed that all
economic activities would be discharging to public sewer

• systems by the year 2000.

• 3— 1]. 
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CHAPTER ~

WATER CONSUMPTION AND SEWAGE FLOW

General . . -

This chapter describes the method and the associated
data used for estimating sewage flows projected for the
EMMA communities.

An analysis of water consumption data was selected
as the basis for sewage flow quantification. This proce-
dure was used throughout the EMMA area including cominuni—
ties presently served by the Deer and Nut Island treatment
plants. Although flows are measured and recorded at the
two treatment p lants, the effects of dissimilar flow
characteristics from communities, overflows, salt water
Intrusion , and infiltration negate the use of this data
for determining flows from each community.

Water Use

Total annual volumes of water used by each EMMA
community with public water supp ly systems were obtained
from the various municipalities and from MDC. Water use
In this report represents water used by the community or
total water produced less unaccounted for water. In those
cases where unaccounted for water was not known, the total
volume of water produced by or delivered to a community
was reduced by 20 percent to account for losses.

The total volume of water use by community during
1970 is shown in Table 4—i.

Major Individual Water Use. Prior to estimating
the per capita water use by each community, major users of
municipal water known to community water departments were
listed and their volume was subtracted from the total
municipal water use. These generally were industries, but
also Included major institutions and commercial establish-
ments.

The total volume of water drawn from municipal
systems by major users in each community during 1970 Is
shown In Table 4—i.

Per Capita Water Use. Water use In gcd (gallons per
capita per day) resulting from this analysis was compared
with criteria used In community engineering reports and

4—1
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TABLE 14~1. WATER USE IN 1970

Total volume used, Major users ,
No. Community gal. x io3 gal . x io~
1 Acton 902 20

2 ArlIngton 5,481 81

3 Ashland 1,062 384

4 Avon 334 70

5 Bedford 1,268 327

6 Belllnghain 649 102

7 Belmont 2,511 112

8 Berlin

9 Beverly 2,766 255
10 BillerIca 2,269 910

11 Bolton

112—125 Boston 113,000 32,567
• 12 Boxborough

13 Boxford

14 Braintree 2,569 156

15,16 BrooklIne 5,901 741

17 ‘Burlington 2,013 414

18 Cambridge 18,685 7,223

19 Canton . 1,996 366

20 CarlIs1~

21 Chelmsford 1,926 258

• 22 Chelsea 2,617 597

• 23 Cohasset 527 —
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TABLE 4— i (Continued). WATER USE IN 1970

Total volume used , - Maj or users,
• No, Community gai. x io3 • . gal . x l0~

2’4 - Concord • 1, 403 290

25 Danvers . 
2 ,439 207

26 - Declham 2,568 186

27 Dover

28 Duxbury 71]. —

29 Essex

30 Everett 6,400 3,732

31 Framingham 7,151 476

32 Franklin 1,325 38

33 
. 

Gloucester 2,766 336
34 Hamilton 430 —

• 
35 Hanover 723 —

36 Hlngham • 

1,345 30

37 Holbrook

3 8 ’  Holliston

39 Hopklnton

40 Hudson 7,873 110

41 • Hull 826 7

42 Ipawich 928 146

43 Lexington 3,607 371

44 LIncoln

45 Littleton 532 86

46 Lynn 13,699 6,178

4—3
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• .. TABLE 14—1 (Continued). WATER USE IN 1970

- • • • Total vol4me used, Major u ’e~ e,
No. Community gal. x 10~ • 

gal. x lOi

47 Lynnfield . 395 —

48 Maiden 5,5314 831

49 Manchester 1453 —

50 Marblehead 2,097 21

• 51 Marlborough 2,542 205

52 Marshfleld 1,502 —

53 Maynard 7141 8

54 Medfleld 537 89

55 Medford 6 , 464 326

56 
- 

Medway 527 39

57 Meirose 2,402 231

58 . Middleton 
• • 

207 43

59 Milford 1,435 44

60 Millie 510 202

61,62 MIlton 2,043 112

63 Nahant 4149 —

64 Natick 14,680 1,370

65 Needham 2 ,627 141

66,67 Newton 8,523 1,623

68 Norfolk 65 . 
732

69 North Reading 7141 —

70 Northborough 567 49

71 Norwell 398 —

14.J4



- ~~~~~~~~~~~ - -~ - • - • • •  • •~~~~~~ -~~~-—~~~~~~~

TABLE 14~ i (Contin .ted). WATER USE IN 1970

Total volume used, Major users,
I~1o. • Community gal. x io3 gal. x 103

72 Norwood 3,120 1,037

73 Peabody 5,1475 1,4014
74 Pembroke

75 Quincy 8,1914 307
76 

• 

Randolph

77 ReadIng 1,876 282

78 Revere 3,160 356

79 Rockland 916 90

80 Rockport 1492 —

81 Salem 14,9314 1,842

82 Saugus 2,377 60
83 Scituate 1,252 20

84 Sharon 8143 53
85 Sherborn
86 Somerville 8,577 227
87 Southborough 325 130

88 Stoneham 2,510 1,138

89 Stoughton 
• 

1,604 1140

90 Stow

91 Sudbury 1,002 105

92 Swampscott 1,307 9

93 Tewksbury 1,492 16

-Topsfieid - 250 —
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TABLE k— i (Continued). WATER USE IN 1970

• Total volume used, Major users ,
No. Community gal. x io3 gal. x 10~

95 Wakefield 3,305 1,060

96 Walpole 1,156 263

97 Waltham k,233 —

98 Watertown 3,821 1148

99 Wayland 1,172 130

100 Wellesley 2,281 98

101 Wenham

102 Westborough 868 21

103 Westford 536 122

1014 Weston 1,118 —

105 Westwood 9714 —

106 Weymouth 3,393 768

107 WilmIngton 1,906 651

108 WInchester 1,926 97

109 WInthrop 1,4146 15

110 Woburn 4,096 1,063

ill Wrentham 14614 —

adjusted where appropriate. The per capita values represent
domestic water use and an allowance for associated commercial
and norimanufacturing industrial uses in the various communi—
ties drawing water from municipal sources.

Due to the large proportion of commercial and non— •

manufacturing industrial users in Boston and Cambridge and
because a large differential exists In the expected growth
In service—type employment as compared to population, a

14-6
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special approach was taken for these communities. For
example, in the core area of EMMA , the 1960—70 period
experienced a decrease In population, but an increase in
total employment. Using population as the only measure
of water use , therefore, would erroneously show a decreas—

• ing need for that resource during this period. In quan—
• tifying the 1970 wastewater contributions from these

communities, an allowance of 70 gcd was used for domestic
water consumption and 70 ged (gallons per employee per
day) for commercial and nonnianufacturing industrial water
use. This estimate was judged to also allow for other
transient water users in those communities. 

• A l—gallon. increase per year was allowed f or
increase in per capita water use to the year 2020. For
projections thereafter, implementation of conservation
practices are expected to hold the per capita water use
constant and no Increase was allowed for. A similar
allowance was made for Cambridge and Boston commercial
water use. Per capita water use Is shown In Table 14—2.

Sewage Flows

• - Sewage flows representing the dry—weather flow
component excluding Industrial process wastewater and
infiltration are shown in Table 14—3 for 1970, 2000, 2020,
and 2050.

Average Sewage Quantities. Shown In Table 14—3,
these quantities were developed by multiplying the per
capita water use by the sewered population and by an appro—
priáte return ratio and a seasonal allowance. The return
-ratio represer~ts the estimated proportion of water use beingdischarged to the sewer. Return ratios used are as follows:

1. 0.80 for areas developed to a density of 10
persons per acre or less.

2. 0.90 for areas developed to a density of 30

or greater.

3. For areas developed to a density between 10
and 30, the return ratios used were in linear
proportion between the above limits.

Peak Sewage Flows. The peak sewage flows shown in
Table 4—3 were computed in accordance with Figure k~2.

4—7
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Composition of Sewage. The two major constituents
considered important to the sizing and cost of treatment ofthe MDC system flows are BOD (biochemical oxygen demand and
SS (suspended solids). An allowance of 200 mg/L (milligram sper liter) was made for both components in sewage flow.
Allowances for industries were made separately In the next
chapter and infiltration Is assumed to be carrying no
pollution.

- - 
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CHAPTER 5

INDUSTRIAL PROCESS WASTEWATER ALLOWANCES

General

In estimating future dry—weather flows, the most
difficult component to determine is the contribution by
industries discharging process wastewaters. Normally,
there are few records establishing such quantities. In
addition, a reliable basis Is not available for predicting
the degree of impact on industrial process wastewater
quantities by such factors as increasing costs and more
stringent wastewater disposal regulations, except to
acknowledge that all cause a decrease in wastewater
production.

The purposes for separating the industrial component
from total dry—weather flow in making projections were:
(1) because In the EMMA area, future growth in industrial
manufacturing activity is not expected to parallel popula-
tion growth; (2) because water use from municipal systems
usually does not completely include industrial sources;
and (3) because new Federal regulations require recovery
of costs from industries in an explicitly prescribed way
requiring separating out the industrial waste component
(see Technical Data Vol. 3, Industrial Process Wastewater
Analysis and Regulation).

During the initial stages of the study , the source
of industrial wastewater data was an evaluation of readily
available information as a basis for estimating flows.
Later on, this data was modified when more detailed results
were made available for an industrial wastes survey of major
industries. The information presented here is the final data
obtained as a result of the Inventory of major Industries.

Flow Quantification Procedure

Projections of economic activity , as presented In
Technical Data Vol. 1, were made in terms of employment .
Five categories of employment were projected as shown in
Table 5—1.

A study of the quantity of wastes produced by each
SIC (Standard Industrial Classification) was made resulting
in the following SIC groupings shown In Table 5—2.

5—1
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TABLE 5—1. DESCRIPTION OF ECONOMIC ACTIVITY CATEGORIES

Category Description

• ]—1 Dry manufacturing — little or no process
water use.

1—2 Wet manufacturing — moderate levels of pro—
cess water use.

1—3 Wet manufacturing — heavy use of process

water.

1—14 Industrial nonmanufacturing — Includes
agriculture , mining, construction, trans-
portation, communications, utilities, and
wholesale trade.

1—5 Commercial — includes retail trade; finance,
insurance and real estate; services, and
government.

TABLE 5—2. STANDARD INDUSTRIAL CLASSIFICATION GROUPS

Category SIC codes included

I—]. 19, 205, 21, 227, 228, 23, 24, 25, 27, 301,
302, 31 (except 311), 32 (except 32 14, 329) ,
332, 3314, 339, 34 (except 3147), 35, 36, 37,
(except 372, 373) , 38, 39 (except 394)

1—2 20 (except 205, 206), 22 (except 227, 228),
2614, 265, 266, 267, 28, 29 (except 291),
30 (except 301, 302), 311, 3214, 329, 331,
335 , 336, 3147, 372, 373, 394

1—3 206, 261, 262, 263, 291

I—k 01—17, 40—50

1—5 52—94

The first three categories represent manufacturing
process wastes contributions and are discussed in this
chapter. The latter two categories were Included In quan—
tifying sewage flows in Chapter l4~

5—2
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The overall procedure finally used was to survey
major industries to determine their present wastewater
discharges and to estimate the remaining contributions

• from minor industries on the basis of wastewater allowances
related to, the remaining enployment in each community not

• accounted for by the major industries.

• Since it is not possible to designate the economic
activity projections to each firm and since industrial cost
recovery is generally allocated to actual facilities used,
major industry contributions as inventoried are held
constant with time.

Projections in wastewater production by growth of
existing firms and creation of new Industries is repre-
sented in the projections referred to as the industrial
flows and are related directly to changes in employment.

Major Industry Flows

A survey was conducted of industries judged to be
potential dischargers of about 50,000 gpd (gallons per day)
or more process wastewater. The industries included were
based on the following criteria as shown in Table 5—3 and
were selected from industrial directories.

TABLE 5—3. INDUSTRIAL CATEGORIES SURVEYED

Category Minimum employment necessary to be surveyed

I—i 250

1—2 100

1—3 All industries included

Utilizing this criteria, a list of 375 industries
was established and questionnaires were sent to each. As
a result of these questionnaires and from information
derived from site visits to selected industries (about 2114)
and other sources, a final list of about 180 industries
was established as being in the major category which Is

• composed of the 101 industries from the industrial wastes
survey plus 79 obtained from other sources.

5—3
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In addition to these, certain major Institutions
were included as major point sources In the quantification
procedure in order to account for theIr wastes contribu-
tions In sizing of facilities needed .

Table 5—14 shows by community these major industry
and point source contributions, including major institu-
tional contributions.

Other Industrial Flows

For the manufacturing employment not accounted for
by the major industries, general allowances were made for
purposes of sizing of facilities and estimating costs.

Existing employment under this category represents
the smaller Industries about which activities are generally
not readily quantifiable. Projected employment represents
the smaller industries, new developments and growth of the
large Industries.

Using manufacturing employment as a measure of
çrocess wastewater contributions, the previously Identified
manufacturing industrial groupings (I—i , 1—2, and 1—3) were
studied on a sample basis to determine allowances for
wastewaters. Table 5—5 shows the resulting criteria
selected for estimating average process wastewater contri-
butions from these industrial groupings. Table 5—6 shows
the flows developed for each community.

TABLE 5-5. MANUFACTVRING PROCESS WASTEWATER
ALLOWANCE CRITERIA

Process wastewater
Category Description allowance, ged

1—1 Dry manufacturing 170

1—2 Wet manufacturing 700

1—3 Very wet manufacturing 2,000 
•

Peak Plows

Unless detailed studies are made for each industry,
peak process waste discharges cannot be estimated reliably.
For industries, peak flows depend upon such factors as

5—14

— ~~• - - ~~—~~——-—~~~~~~~ — - — -  • - •— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -- • _ _ • • • •_ ~_•_pL•~~~~~~__



- .r 
• -—---•-—--. • • .  

• • . - •

I I
I ~ I 04 ..am~~~O4I~~OOO.O Or 44O4 )OOI — .OOOW).X1r’).Q0OOOOo i oc . c
$ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I U.J I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I —  ~~~I a m O C~~Oa m O0 O 00 QOO0 O O 0 Oa mO 0 O 0 O 0 O OO 0Q ~~~c ic~0Co
100 I
100 I
1 10 I
I— N  I
I . IO 4O O 1 0O O 0O OD OOt~~.0O O0OO-~4 l QOO 0 O O0a m0O c ,
I 0 I 40r’.ONO.-.0,’~m OO00O0NOmO 0O5flN0O0 ..-.O000OO .-.0O(~1I I X  ~~ I •....... ......s..s,S•S....S.•.. .e.......... -j
1 W  <I00000000000000000I’)00000000000N000000000000,..,
I I  I
1 W  I
IU) I
I I
10 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I —  < l N 0 0OV ~~O00N0O -00 OO~~~~~0O 0 04~f l 0 O OO O 0r )OO P -
I J  U J I  • . .. .. .. . S S . S S, S S SS • IS S . S~~~~~I............ ... .

I m  Q I —ON Oa m 00O - .- .OOOOOOO0amO0 OO- .00O0P-C~l- .OO0O0OOOO00
I D O  I am
I O N I
I 0 I
1) - N  I
I ~~ • I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I 0I40V-ONO .- .0 000000NOt’I0 00 000NP-4-.000000-.OON

0 10 > 1  •. e.,. . . . .S .. .SSI . SS . S..S .... .. . .S ......e ..
LU 1 U.I 4 IO O O0O O 0 0 0 O0 0 O O OOO ~)0OOO0O00OO0N 000OOOOOOO0OO
— I >  I
IX I I X  $

~ 1 W  I
0 1 0  I
D I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0 IU~ < I4 N 0 00~~~O00N00 OO~~~4 0 O 000~~~~~~~~~ O 0 0 0 O Ot ~,OOr-
ZUI I UJ il l ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

a I 0NO 00O O0000O00 O0- 0O-.O000~~~N-.0OO0OOO0OOO
I L I I X O  I

IX~~~ I~~~O I
OIU I U) O I

I d  $0  •$ 00~~~O OO~~~O 0b OO 0Ot~~,O0OO d~~~Q O O O O0O O0O
0 101? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~ l —  > 1 S 1 ~~~~~5 1 S  • S S S • S S S  •S ~~~~~•~~~~~S~~~ S S . . S . S S .• S • .  5 • S S • • S • S

1.1 $ d IO O O 00O00O0 0O0OO 00~’)OOO O O O O O OOONO 0 O O 0 0 O O 00O O O
WO~~~I IX I
J I X 3$ O  I
mIL.Q I )  I
4 1 4  I
i - 0 - I 1  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~m I  <;  ~~~ OOOI~ 00I5)OOONO0U~NO0O4O0 000 0000000r’O0I-
o 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~I . S~~~~~~~ • I S S S S SS S

..J O I O  O I0 0N0 O0O~~~~~O O 0 O0 0 O Oa m0O 0 Oa mO O 0 0I’s C ~4..O O0 O OO 0 0 O O O
U. L L I I I X O  I -~~

> I U .I I
J~~~I O~ I
4 1 U I O -.  I

$J) I ~ S I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IX $ 0  0 I 0O ~~~0NO O O00OO0NO ’~)O04OO 00ONI’-1 O O O 0 O O O ON
I... I J  >I .........S . • 5 • • •  S • . •~~~~~.e S • S  •~~~~~~~~~~ • • ~~~~~S ~~~~~~~~~~~~~~~~~~~~~~~
0 I U -  4 IO O O OO O O O O 00 O 0 0 O O0 $ ’ ~ 0O 0 0O 00O0 O0 N0 O 0 O0O O0 O O 3 0O
D I  I
0 I I
Z I I

• I I
• I > I am . —

I I OZ  0 0 Z O Z O OZ  0 Z C Z  Z Z  0
II- I
I I
I —  I
I $
I Z U J  I

I I I Z 0 1
I ~ I I Z 4 4 ~ L’W ’4 ’ O t4J ~ 4 UI Z - ’ 7
I I 0 I 0 ~ $iI ZZ I- L~ W O  ~- tZ I -~~ ~~0O 0
14 I 1-0 00$- >-— oo~r— — ~~o u~oo )- — ,p0r~~~01-,-- Is.-

I I OZ I X Z Z Z  ZIX .J..jZ—Z0u Wsfl~~~~~l ~X s.— Z — 1 4 34 0 0 ? ?  ¼JL ~l I Z  IZ Z4  O —O — X L U0O 0 ?~~~~~— I X 0 — I 0 0O w 4 r XD x J —~~~U 1 > I I X — —O  a m7

I O— .JZUJ W~~~~~~s. —OO J40>Iw lZD—O~~~~.J~~0Jl—10 I I -JIOO IX> X X4 0 0 Z IZI X I ULLIIZ ?O>X 014J440122..J .JQ0J5/) X
I U I X 0> W W W ~~~O O O I X I X I X D d 4 4 I I O 0 < WO D 0 > I X 4 — O 0 O D D O . W• 10 I4<44mm~~m m m m m ~~m m~~mUUUO0O00C00WU t I I I Z I . J

I I
I I
I I
I I
I .  I
I I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~110 I
10? I
10 I

I —
—

• • - ~~~~~~~~~~~~~~~~ - ~~~ • • ~~~~~~• •
• •  a.. 

~~• .~~• 



I I
I ~ I 0 N OON O 04 00— NON O ~~~0~~~O0F O0~~~00?.O~OI~30.~~ o4r ~1rc -- ~~~~~~~~~~~
I 4 I O440.00NO0I OO00- ONo0r)o- .st,00-.Or - o c J r ~~0~~~— ’ ~~~~~oc .cc .
I lu I • . . . • S • S • S • ~ S s . • . . a • • a . . . . . . . . . . a . . e

I —  a I0 0N 0 0000O0000000000~~~0 NO00N~~~ON000am0~~~~~~~~~3~~.
10 0 I am

$ 0 0  I
$1 0 I
I —N  I
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 000 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I I X  > 1  S S • SS S S S a S a S S . . a . S I~~~~~a . S S S S . . S .• . . S . . S . . . . . .

1 W  <I00I’~0000O0000000OQ0QOamOO00OOOO-j00OOOOQ-aQoOQ0I I  I
1W  I
I l/) I
I I
It) ~ I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I —  4 I04 4 0am00N00 000-a0N00c10.-.tfl00am0 0 0*am0r .~~~O ooo
I.) W I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
s m  aI00NOam000000O00O0oO00~Q Oa m a mN O o0~~~4 ON o o O amo .q~oo0o(~j
I DO  I —
IQ. N I
I 0 I
1 > - N I
I ~ • I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• O I 0 00M000O00 O—000O00~ )0r~9r-000?’—OIOam0—r10N .-a00O0

In 10 > 1  • S . . • S S S • S •~~~~~• S S S S • • I • S S I • a S S • S • S S • • •S ~~~~~• S • a •
Ui 1W  4 l00 I~~00000000000O0000Oam0000000040000000~~.0O000
— I >  I
IX I I X  I
1- 1 W  I
U) I~~

J) I
D I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0 t I n  d I04 40 00N001~)0000-.QN 0OIfl0amIfl00am0 0N ,’)04am0r~~)0OOCZ L f l l t t a  W I  S . . S a . . , . a . a S S ..S . . e ..S . S . . S . . . . . . . . . . . . S . .
a m I X I  O I00 N0~~.00000000000000O ~O0 am 00OO 0N 000a mO 40QO CC M
li i I c X O I ~

IXI I1-0 I
01*J I U) 0 I
4,IflIDCM I
I d  1 3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I f lZO I Z  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— i —  > 1  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S S S • S .~~~

I_i l 4 I00~~~00000O0O000O0000Oam00000QOOc~O0000Q0—QO00~~
W OIDI IX I
. . J IXDIO I
~~ U . . O $ )  I
4 I d  I
~.- l/I >- II ~ I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I~~~I 4 I 0040~~~00NOO O00am0N00ra)0 O000 0Nf.)04_0rl I~l0O 0c
o I I  W I  • • S S . . S • 5 S S • S .I S . . . . . S . . .S . S S S . . S . . a . . S .  .•

JO I O  OIOONOam000000000000000O0_mam0000NdON000amO40000\J
• U u i 1 1 X0  I ..a

> IL I -  I
JY I  QI I
4 U I I f l -’ I
-.In I ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• IX 10 0I 0000~)0OO000 0 00O000~~~0~~)4000O 0~O 0 ( f l0(’4 0000
I— IJ  > 1  • . S • S S a S • . S SS a S . . S S. SS S S• I s S • S S . S • S . S S S S • . 5

Ifl lU. 4 IQ 0f ~)O O000O0OOOOoOO0O0 00 OO0OO0 4 O 0 O 0 O O0— O 0 O o0
D I  I
0 $  I
1 1  I-. I I

$ ). $ — am —
I I 0 0 0 01 Z Z Q Z  Z Z Z O C  0
1 1 -  I
* I
I-. I 0
I I ZI
I ZUJ I I — 0
I I ~~300

• IDI I Z 0 W 4 D J  7 40• I I 0 J 1.-WOW 0 0 WIX W I Ds— LI) 2_ I
l i d  1 21- IL) OIIX-’0 _J 0 Ltfl s.- 0 I ~~IX 0_J C >-~~ a~~~ Za  ~— ~~~—I I _lw — 7WW 0U .II L1J IX )-U)WIXInZZI-~~~4ZZ.J ~~_lO00)-~ i ZU40 1 4Z0 >
I i ?  $0_ I u~.t*iIJ~~Id— Od 0_ lo—O0ZUI000IIWO0IX00— iOlDD0~~IX
I I 0 1-Z Z 0 U~~~J0Z IX0 1 - 1 -4 — 0 1- 1 - II ~~~~~Z 0 CW ~~~~~tQ 0 1-X l~~W$ 0  IZ1-Z Z_lZ I X I X I X ) - 0 0 0J 0 J_ IJ_ I I I .- W I I I X I X I X t Z I X 4 I— Z d>OU . J D — 4 u J
I I -~-.>- )-d d 4 d 4 4 W U J t i JUJ .- — — — — <d W W W O00O 0 W j J D 4 W W 3 0 4 4 Q I I 0I s ,) I _ l I I 1 l I I Z X I I I I I I IZ Z Z Z Z Z Z Z ZZ O Q . 0 I X I X I X I X I X 0 0 s f l~~)flI.f lI I
I I
I I
I I
I .  I
I I  • 140 ~~O-~N)4
110 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~IO Z *I t )  I

- ~~~~~~~ • —‘- ~~~~~~~~~~~~~~~ 
- 

-a.—



_ _ _ _ _ _ _ _ _ _  — -~~ ,a. “ - -~~~fl~~~~~~r --— 
~~ - -r-’ 

~~~~~~~~~~~~

I I
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~$ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I $1.1 I S S S S • S S • 5 5 S • S S S S S S S S S S S S S S - S • a a I S • I S • • •
I . - .  ~~ I 0 0 0 00O4 0* Ifl~OamO0O000 00-~ N0O.04 m*0 Na mo O.3 o 0~~~amo
$ 0 0  I am —
l 0 v ~ I
10

• —N
~ • Ø 0 0~ØOOO amam 00P- OON0000m—.ONOm.oOstIO 4
I I, 0amNO00M04 m 0O 0 00 4 P - 0~O00 m~~~*0O~~~0am4I ’~0I I X  > . . . s . S . . .. . . . .. . . . . .  • •~~~~~. . S  • • . . s• •  a s . . .
I *iJ 4 I 0 00 0 00 . 40- 4 4O 0 O 0 0 O 0000 0ON04 0 a m a m 0 0 0 0 .~~00NI’ 0
I l
1 W  -

:~I t)  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I —  4 NmooN0oo 0 0. mo 0 0 o 4 0— o a m .I~~*no(~aa~e4 o P - N
I_ I  U.l •....... ... ..•s........ a • •  • ...••s ..S.. •

*~~~ a OO00004O4U)~Oam0Q0O00O0amN0G04c’ i 4 I nNamOO.. 7 O 0 Ø a mQ
I DO  I - 

am — am
IQ.N
( 0
1 )-N
I~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I 0 1  0.4N00OP)O4 0O 0O04P~0iOO0 Iflø40O~~ Oam*$)OcIt 10  > 4 •••5•,S.•S..•5••,.~~~~~~.••~~~~•S •.•.•.• .S .S S S

(LI 1 W  4 O0000O. -s0am*4000O0000O00ON0*Oamam00OO,~~00N M0
— I >
IX
1- 1 W
(fl I ’ll
D I ~ 0am000~~~~~~~NO0Q N I n0 0 00~~~0?-00%OO~NO 4 O a m . 4Q N O N 4
0 IV) 4 N ,nG0N00o N00o.mo00o40~~o . ~~V)ONu$Q .o(-NZU) IUi LU • • l e •S a I I I S S• S •S I . S SS S I S S S  ,..... S. ....

am Q. 0000004040 0Q 00 O 00 0 a m N 0 O ’ 0 4 I~l4 I f l N a m 00 .4 0 O~~~— 0
W I I X O  .4 .4 am —

IXP 1-0
Ow 00

•~~~V) DN
I d  0 S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
t h u  Z ~~~$o .4Nooor~)o4o~~~mamooa.4o0o4r.-0o0oGNoul9oocssoam.*r~o

am am > . . . . .. S .. .S . .. S. S .S S .S S S. .  • • S. S • . .. .S S .
4 000 O00~~*O.44400O000000O0ON040. . .s 0000.0ONm0

W O~~ IX
~1cZD 0

4 4
~ O~~~.4O0000f~~~~P-NO00N0O000~~~OP-00 04O-.-40N0N4

I~~~I 4 0 0000O GNO00.00000,0am0amm 4~~~00 0 OF’-N
0 1 $~) S~~~~~S S S I 5 S~~~~~~~~I S S I • S S S • S S S S SS S  . 5 5 , 5 . 5  • S S S S •
JO 10  0. I 000000O04*f l 0 . .0Q0O00000N0G0 *0Nam00-40O~~~-.0U~W I ( X 0  I .4.4 .4 am

>111.1’ I
0’ I

4 W I (f l -~ I
— O Il • I O O Q0 000a m . 4I n U)0 O0100000 ON0f ’t .. O0t )04 0 Q ~.OON’O 0 P —
IX 10  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I— I _ I  > 1  S 5 • S I 5 S ~~~~~5 S S ~~~~~S~~~~~S S 5 5 S S S S S S S S  . • S S • S S  - • • S S S
U) I II. d l  ¼ s .O 0 0 0 0 0 0. 4d 4 00 O 00O 00O000 NO*O~~~.’O0 0O~?O0NI’) 0
D l  I
0 1z I I
am I

• )- am - am am am am am
I I OZ 0100 Z ZZ0000 0 0 0 0 Z O O Z Z Z Z O O Z
( 1 -  I

I-. I IX
I I I  LU
* 2 W  0 I ~ Z 2 OIT
$ I~~~ P.- 0 0 ~~I X I X 0 4 4  Ui 5—D
DI *0  Z s~~)-0O Z - OW IX 0 L U W I — 0 0~~ J t1$~~IX10 O I X _ l J  3 W 00 OIs.-s.-0. 10.Z I— I- 1- n d d I X Z d  0*
14 04$- ) - O D W W U J IO O J  IX(Y 01-0 00  4 0Inifl c f l 0 I i 4 4C~~-~D 0

~~II I X U ) m - ’ — J d i -ZO I OO Z OD ZW I XZ  I Zh- W UJW m 1,Q. Q. Z I X  IX
7 7  IW O  Da o X I X 4 W d m u . o l o Ir~ s . -o r _ I hI I I  d - D I

10
0~~~~~~3WO44444~juiw~~w LUW am—— 0IX O IX O04ZZ -dO00W

o 000000 P I P l l P P l l 1 P P P l P P l l~~~~~V0 0 W

S
1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~70 ~~0’ 0’0’0’0’0’ O O 0 O 0 Q Q O 0 O —— — — a m a m a m~~~amam NNNNNN
07 I _ a m _ a m a m a m . 4~~~~~~~~~~~~~~~~~~~~~~ am a m a m _ a m a m
o •

5— -i

-a.—-- —-—-a.—- -- -• • ‘ -—-a.~---



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~ 
•

* ~ I r ~0~~~~~.f ~‘~4 C ) — . ?’- -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘- - ‘~~~
I 4 10  0’O 0~~~0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I ~) 5 S S S S S I S • • S ~ •• S S ~ I • S S I S S S S • S S
I O I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I I
I 0 I
I I)) I
I 0 I
$ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I > 1  5 . S S S S . • S •  S S 5 5 5  • S • S S S  S 5 5 5 5 5 55 5 5 5 5 5 5 . 5 4 . 5 5 , 5.

• 4 I OO000000O000000O0—O0Q0~~~00O0~~,0000OoO ~D 0 O O O c 0 OOI I
• I
• I
• I
• I
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ c~~~~ ) - -~

,- : --
l —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1 0  2 4 1  S S S S 5 5 S S S S • S S  S S .5 .5 . . . S. S. .  S S S • •
$ 0  0 . $0 0 0O N0 O 0— a m0 O 0— 0O— r ’ l N0 00 0 a m N0O 0 C 0~~.—N 00am0O 0~~~O— 0 OII I
I - 0  I
• (U I
$00 I

1 0  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I _ I  > 1  S S S 5 S 5 S 5 5 5 S •  5 5 I . . . . . .  • I • . . • . S SS  • • - • • • 5 5 . t .• .  S
lU. 4100000000000000000.-.00000000000000000000000000
I I —

I_ i  I
14  I
I —  I
I I X  I
1 1-  ‘~~ I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I 0 d l  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I D  ‘i l l  5 5 5 5 5 5 5 5 5 5 5  S 5 S S S 5 5 5~~~~~5 5  S 5 • 5 S 5 5  I S S S S • 5 • 6 •  • S S I S

0 1 0  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~I 7
0 l — ’ 0 I
J I  0 I
U . I I X O  I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~U J I  I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 4 1 1 —  ~~~I 5 • 5 S S~~~~~S S ~~~~~5 I 5 S 5 • 5  5 5 5 S 5  5 5 5 5 5 5 5  S S S5 S S 5 S S • S SS S S S

tI -. I 0 4 $ 000 0 O O 000 00 O C’00 O O.- ~~.00 0 0 0 0 0o 0 O00 o0 O0 0O 30 O O0O 0

I-I $
•j U) I I

t O l  I
4 . P ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I — — I  4 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~$ U I  S • S S 5 S S S S S 5 S  S S S S S S S S S S 5 S  S S S S S S • S S  S S S S S 4 S . S S I

IX I 0. I 0 O OO O O 0 000 0 O( U O0~~~~~~4 0 O O0~~~~~~000 . 00r ’~~00 OO 0 0 -.0 000
I —

1.1 0 I
5 — I  f’- I
3 • 1  7~ I

• — • I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — Q

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I > 1  S • 5 S S S 5 5 S ~~~~~S s  • s s a s ~~~~~s s s s S  • S S S S S  5 5 • •  • I S S S • •  S~~~~~~5 5

I 4 I0 0 0 3 0 D 0 O0 O0 o o o OO o ~~~ - Q 0 Q 0 0 00 O0 DO 0 — 0 0 0 0 O 00 0 Z’ 0~~
• I
I I
I I
I I
I ). * ..4 —. ..

• I 07 0 Z O Z O OZ  3 Z ZZ
1 1-  *
* I
~~~

. *I I
I Z ILI I
• I I 7 3 ~I DI  I 7 4 4 0 W W ~ LI0~~ ~ 4 II) 77  Z
I I 0 I ~ (iJZZs— 0 W O  s-- • IZ5-- Z ~t 0 0 0
I ~~4 I I—U 3~~~ s— )- .-. QO I X —” - L)O .J ( L . 4 U 1 0 j $  ).- 5-~~0a m ( P 0 t~~~~0I-- h. I1-Z
I I t)Z r~ z z z_ I r.~ z~~ r r $ - _ I _ I z — z o o u)o rr rf.~~ CX 5 - Z_ IU p - 5I)4DJIZZ L)I)~~J
I~~~Z 724 O — 0— I X W 00 0 Z )~~~~— c r 0_ ~~~ U ) I n O U ’ d t X D K W- .~~~L ) J > T X— — 0  ZO
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1 0  I 1 - _ I I 0 O _ I _ J I X > _ I _ I X X 4 0 0 I X I Z I X U J U I Z Z O > x U ) t i l d 4 O I Z Z J _ I 0 . 0 _ I l n x Z
I I U C X O >W W l UW W — 0 0 O I X C X I X D 444 I I O04 U J0D 0> ~~~C X _ I <4 —0 00D D O U —
I t )  l 4 4 d d m m~~~m m ~~~~~lf luO 0 U 0 U 0 0 0 O 0 L I J W U U 0 I I I I tI I I—J J
I $
I I
I $
I I
I .  I
I I  • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 1 0  5 a m a m a m (U (UNN~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4 d - d4
1 0 7  I
I t )  I

- - -— a.a .-  • a.~~~~~~ • - - - - 

-



—~~~ 
- - ~~~~~~~~~~~~~~~~~~~~~~~~~~

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
$ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I W I  S S S S S . S • S .  5 S ~~~~~S ,~~~ 5 5 5 5 5 5 5 . 5 5 5 5 5 5. .  5 5 5 4 5 5 5 • S 5 I P

I 0. I 0N0 00C U0 00 00 0 0 0 00 — 00 00 00 0 00 - -” - 0 000 00 0 0 0 0  Q0 0
I I
I 0 I
I 14) I
I 0 I
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I 0 * ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I > 1  . S . S 5 SS S 5 S S I 5  5 5 5 5 5 5 5 5 5 5 5 5 e 5 5 5 5 5 5 5 5 5 5  a .  a .  a

I 41000000000000000000300000000000000000Q00000.)o
• I
I I
I I
I I -

I I
I ~ I ~ N 0~~~-.~~~(U ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t4~~~ Q-OI.— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1 0  IL) S S • S 5 S 5 5 5 5 5 5 5 S 5~~ • • •• •  ~~~~~~~~ 5 5 S S ~~~~~~~ • 5 5 ~~~ S • S 5 • S S 5 5 5

1 0  0. ov’)om0.-.c M0— o a mO O Oa m— 0oO a m~~~o 0o o0 0a m0 04 a m0 0 03a mo o o o o o o
$ 1

I C~h
$ 0 0
l I N . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
$0 0 O00’O O 0—’9 0 4000 00~~~— N — tU 0tflN— L ’~— 0am~~
I_ I  ~~ S S S S S SS S I S S S S S S • S S 5 S S S S S 5 S 5 S S S S S SS S S S 5 S  5 5 5 5 5

lU. 4 $ Oa m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 -.000 0 0 0000 000 0

• *•_ l  I
$ 4  I
1 I
( I X  I
$1- ~~ IN~~ 4 05’— 000 ON 0 4 4  0t—~ ’0 ’
I ll) 4 6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.0-Ø .~- 3
ID  1441 • S S S S I S I S S 5 S S S I I S S S S S I S 5 • S 5 5  5 5 5 5 5 5 5 5 5 5  S 5 S S S

(1,10 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~l I Z  I
0 I 0  I
J I  0 I -

u. •~~~0 I

OJ  I I 0 1
1 4 1 $ -  > 1  • S S 5 • S S S S S S S S S S S S  5 . S S S • S S S S  5

_
S • 5 S S 5 ~~~~~5 S  5 5 5 • •  .s

145—10 4I0-.0 OO0O00OO0000OO00OO000000*0~ s0O000O00L)0 0

P-I I
113 (1) 1 I
_ I D I  I

~~0 I  I
4 7 1  ~~~I 0~~~O 4 4I f l 0 0— ~O 0000 O~~~~~~~~~~~~~~~’04NOCLI’CN
I — — I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I . Lii i ~~~S S S S S 5 S 5 5 ~~~~~5 • 5 5 5 S S 5  5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  S S • S I S S  •~~~S S

C X I  0. I 0~~0~~~0 0 (U0NO O — O O O~~~~~~~~~00O0(UN0U ’ .*0..040000T~}00
UI  I
II 0 *I — I  ~ $
0 $  ~ I

$ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I 0 1  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I > 1  S 5 S • • S SS S S S 5 S S S S 5 S S 5 5 5 5 S S S S 5 S S  S S S S S 5 S S S  5 5 5 . 5

I d IOa mO N 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 — -.0 0 0 0 0 0 Or U 0 0 0 0 0 -.0 0 0 0 00 0

I I
I I
I )- I am am ... am am ...

I I 3 0 0 Oz ZZOZ Z ZZ03 C 0
$ 1 -  I
I I
I —  $ 0
I I 21 I
I Z’i4 I 1 — 0
I X 3 0 3  OD
1 07 2 0 UJ4DJ 7 <0
I $ 0  _I I— W O W  0 0 IIJ (X La I Cs — U Z_ I I X I
li d S I —  Ui t f l I I X — 0 J O  iJI-- 0 i ~~Cr 0 J O)- ,~ 0.0 2cr ~
I LI’ —Z’ i J W0~L I X W C X ) -I . f lWIX0Z2 P -~~~4 7 ? _I  C D_ I00 0) - _ J Z W 4 0 0 <Z 0>0 L
• ~~~z ~~ U r _ I 4 0 < 0 _ I 0 o o Z U I 0 0 o I U o 0 I X O o I X J a~~ D D o T I X fj ’I $ P-ZZ0Ol~~J0Z lIX0tLJ $ - 1-d $- 1 - l l t mZO O W~~~~~W 0$-tXIXLU1- Z
1 0  I p — Z Z _ I Z I X C X I X > - 0 0 O _ I 0 1_ I J J I s . - W l l I X I X I X C X X d~~~— Z d >U u J D — 4 w I~~~0
I I —>- )-4444<4WUjUJ ji —~- .———44 U U ’ L iO 0 0O OW U J D 4 1 4 Jt &0 O4 < U I I 3 3 s--
W *_ l_ l_ I 1 1 I I 1 1 I I I Z 1 1 I I ZZ Z Z Z7 ZZ Z Z Z O I X I X I X I X I n , )14 ) In InU~

I .
I I .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1 10  144444 0~~~Ifl U) *fl~~~I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 1a~~-Xl t a~~~I C Z  I
I t )  I

5-9



I

$ I
$ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I 4 * 0 00’~-~~~N~~~~~~~~~~~~~~~~~ — r l O i  IflO , j , C .— ~~~ N ‘ — - k - .
I I S~~~ ~ . • 5 . 5 5 5  5 5 5 5 5  4 5 5 5  a 5 .

ü I O O O O N O 0 0 Oa m O 0 O- . O O O_~ )C ~JC C - .~~~,. -~~C - -— ~~

I 0
I It) I
I 0 I
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~$ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I > 1  5 I 5 5 * ,~~~~~~5 t ,  S S S 5 S S 5 5 5I S~~~~ 5 5 • 5 5S • S S * a S  • •
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
* I
I I
I I

I I
I ~ * ~ 4 ’~~~~~~ fl-. ,U OJ - N — c ” O 0-.~~~t •~~o- ” c - ~~o c’j .-. --’- ~I~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
13 ‘UI S S S S S S S SS S  S . S S S 5S S S S a . . .• . .  • 5 0 5 1 5 • S S •
10 0 . I ( U O - s0(UO .- .(U0OOOQ OO OQ... am~~~o ( U r ’ Q O a m Q Q...~~~~II I
I - 0  I
I •\i I
ItflO I

1 0  0 1  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I _ I  > 1  S......,... S 5 . a. a. . . , . .

lU. 4*0 0 0 0 0 0 0 0a m0 0 0 0 0 0 0 0 0 0 0 0 0 0 .. .0 0 0 0 0 0 0 0 0 0 0 0 0
• I
I~~I I
Id  I
l —  I
I I X  I
I I —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~$ 0  < I 0O N —O c o 00 amN~~~ 0 N O ~~~~~~. ..
I D  ( C l  5 5 5 5 5 5 5• 5 S  a .... • I S .. S . .S

0 1 3  0 . s NO — O N O OO0 O 0O O O ( U 0 QQ...0 O_ .~~J Q
i c * Z I
0 - 1 —0  I
.JI 0 I
U I C X O  I

‘0_ I  Il 0 $  ~~~~~ f l 00 0~~~~~~~~~~~~~— 0 — ~~~~~~f l .-.- 3I r ) o r f ~ a\J am )r’-3
1 4  I I -  > 1  . S S S S S S S S •  a S  S S S S S S S S S S S S  S S S S S S Ø 5 S a I 5  S

0 — 1 0  4 1 00 00 00 00 -. 00 0 000 0 0 0 0 0 0 0 0—O 0. - .0 0 0 0 0 0 0 0 0 C .,
C X I  *
i — I  I

_J J I  I
C O O l  I
d 7  I ~~ I ~~ 0 O’ 0 C 0’ 0 — 0 N O0 O~~- 0 ’ D N —O 0 4 ~~-.0~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 - — I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I ~j • ~ ~ • ~ ~ ~ ~ • • • . • • • . . • . . . . S S 5 5 5 • ~ • ~ . . .
CX I 0. I J O 0 O0 00 0~~~N O O O OO 0 0 O 0 0 Q~~~ O 4 a m 4 i a’1 0 O a m O C~~Q 0Q N-Q
‘U I  * N
II 0 $
S - I  $- I
0$ ~~ I

I - 5 1  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I 0 5  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I > 1  • 5 S S S SS S 5 S S 5  S a S I 5 S S SS 5 S  ~~~• • S I ~~~~~~ 5 S I S I 5 5 S

I 4 10000000 J0O000OOCO000~~.0T~.Q~~~~.OQ0OO0O rLJQ

I I
I I
I I
$ > I
I 2 O Z O O  Z Z Z0 0 0 0  0 3 3 0Z 3 OZ Z ZZ O OZ
II- I
I I
1 ’  I

I Lii
*Z U.a * I ‘1 Z Z 0 :
I I ~~

- 0 21  0 ~~1I X O d d
I~~~~> I ?  s — > - O 0  7 >- 0- 0 - i l  ~ OUJ LlL)~~ J .‘ T
I 10  O C X _ I _ I  ~ U 00 011-1-0. Zs— i.- s-- s/) d -4 C r ? 4  0 - .L
l I d  Is . -  )- L)D LLa U J W I OC_ I  LY CX 0s— 0~P 0  d 0 0 i ~~ -4 -’~ C>-03I i r  ~~~~~~~~~- ‘ J 4 5 - - Z c  D OZ O D 7 L’ C XZ I Z L - W U  ~~-)C. Q .Z0 .  ~l IZ  I’ )  D~~~~~~~ i.0 T C X < ’- UdCO u.010 r I C X s .~~0I_1II $ I

10  I00O 4 l 0 .~~~_I _J s.- >. _I Zu) t 1 , 0 u > - _ IZ Z C O U 0 - . d I X- Z U )~~~~~3s.-~~~x 0 -~~I I $ - $ - 0 - 3 U0 4 4 4 < 4W U.IjU U JW U— - .— 0 1 0 I X 1 0 0 4 7 7 >-4 000U
It )  $ U )  O P -P - I l  1131 1 1 1 3 1 3 3 C O U U 0 0U  I 1LX 0~~I *
I $
I I
I I
I .  I

5’ Ii. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~110 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ O 0 O 0 0 O 0O 0 O — — . - .— .-. — .-.— J~~.N N ( U - \ J
— I 0 Z * am a m . 4  am am am am .—. am am am am

Is, ) I

a. ~ ft - - ~~~~~~~~~~~



- — ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
— ~~~~~~~~~~~~~~~~~ ~

•1

working hours, type of processing (batch or flow through),
habits of the operating crews, system capacity, and other
similar factors. Generally, Industries operate producing
peak flows somewhere between 2 and 3.5 times average flows.
Generally , 3.5 represents a somewhat constant processing
operation over about a seven—hour working day.

In determining whether relief is required for an
existing facility, a peak—flow factor of 2.0 was used
taking into account the overall dampening of several
industries. However, once relief was found to be neces-
sary and where new facilities are required, a factor of
3.5 was used for sizing of such facilities.

The peak flow shown in Table 5—~ represents a peakfactor of 3.5.

Process Wastewater Composition

The composition of various pollution components for
major industries Is shown in Technical Data Vol. 3. For
purposes of sizing treatment facilities, for estimating
operation costs and as probable parameters for estimating
user charges and industrial cost recovery , components
selected were BOD and SS.

5—11
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CHAPTER 6

INFILTRATION/INFLOW

Genera].

In addition to transporting sewage and industrial
wastes, extraneous flows enter the sewer system and must
be accounted for when determinations are made for facility
sizes.

Extraneous flows that must be accounted for in the
MDC system include infiltration in the various sewer sys-
tems, composed of water entering through defective joints,
pipes and manholes; inf low, consisting of water intention-
ally discharged to the sewer systems through roof leaders,
drainage inlets, cross connect ions, sump pumps and
combined sewers; and salt water intrusion, consisting of
ocean water entering the sewer systems through faulty tide
gates.

Due to the dissimilar characteristics of the various
sewer systems, general criteria cannot be used. That Is,
allowance for extraneous flows from a community with new
sewers must be different than for a community where sewers
have existed for years.

Similarly, flow records at the Deer and Nut Island
treatment plants alone are not sufficient to determine the
extent of extraneous flows. For example, during times of
rainfall, all flows do not reach the treatment plants. At
Deer Island, flows compete for space in the sewer system.
When I/I (Infiltration/inflow) is low and pipes are not
flowing full, ocean water intrudes into the system. (See
Appendixes A and B.)

In order that reasonable allowances can be made,
records and reports were reviewed on infiltration into
EMMA systems. In addition, limited infiltration measure-
ments were made at selected points on the MDC system.

Infiltration allowances adopted represent those
judged reasonable on the basis of age and location of a
community sewer system and assume that excessive inflow
and salinity intrusion would be remedied. This will
require review during detailed facilities planning and
when I/I studies are conducted.

6—].
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Analysis of Nut Island Treatment Plant Flows

The peak, average and minimum flows at the Nut
Island Treatment Plant for each day in 1973 are shown on
Figure 6—1. In addition, the flows bypassing the plant
by overflowing the weir at the High Level Sewer Terminus
are superimposed on the flow data in order to show the
total flow reaching the treatment plant.

Also, on Figure 6-.-1 is shown rainfall data from
rain gages in Framingham, Boston and Franklin. The flow
increase during the wet season is a measure of wet—weather
infiltration and the spontaneous peak flows responding to
rainfall conditions is a measure of inflow. As can be
seen from Figure 6—1, both infiltration and inf low occur
In areas tributary to the Nut Island Treatment Plant.
There are no combined sewers tributary to this plant and
on the basis of data taken at the plant, salt water intru-
sion is not a problem. (See Appendix B.)

In order to further focus in on I/I at the plant,
daily flows for three weeks were plotted, as shown on
Figure -6— 2. These reflect a fall flow—no rainfall condi-
tion to represent minimum flows, a spring flow—no rain-
fall condition to represent high infiltration, and a
spring—wet week condition to represent inf lows. Figure 6—2
demonstrates that significant I/I Is transmitted to the
treatment plant.

As can be seen from Figure 6—1, peak flows for 1973
generally are 200 mgd , except at high rainfall periods,
during the spring.

Normally , plant flows can be used to evaluate prob-
able flow categories such as Infiltration and industrial
flows. For example, a selected percentage of the minimum
flow at the plant can be used as a measure of infiltration.
Similarly, the difference between weekday and Sunday flows
can be used as a measure of industrial and commercial
wastes. In the case of the Nut Island Treatment Plant
data, however, there are two major factors that prohibit
such analysis. First, due to the long travel distance
(31 miles maximum) for wastes tributary to the Nut Island
Treatment Plant, flows originating at the same time reach
the plant at markedly different times. A time difference
of between one half to one day occurs for the maximum
distances. Second , the large storage capacity in the
High Level Sewer (12 million gallons of storage for only

6—2 
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the volume below the overflow weir) has an effect on
damping flow extremes, the magnitude of which depends upon
the operation procedure at the plant.

Analysis of Deer Island Treatment Plant Flows

The peak, average and minimum flows reaching the
Deer Island Treatment Plant during 1973 are shown on
Figure 6—3 . From this, it can be seen that maximum flows
generally are under ~00 mgd (million gallons per day)except during times of rainfall. The short duration peaks
in all cases are in immediate response to rainfall and
reflect inflows. This is understandable due to the large
proportion (2~ percent) of combined sewers.

However, the more critical observation is that flows
differ only slightly between dry and wet seasons.

In order to evaluate this further, flows passing
through the Chelsea Creek, Columbus Park and Ward Street
headworks were plotted as shown respectively on Figures
6—4, 6—5 and 6—6 for three selected weeks. Tidal stages
are also shown.

Inspection of Figure 6—5 shows that flows into the
Columbus Park Headworks are completely tidally influenced,
causing ~l2—hour oscillations rather than following thenormal diurnal pattern. This pattern is only interrupted
when rainfall inf low excludes seawater inf low as occurred
during the spring wet week. Another factor to note is
that low flow conditions remain uniform at ~40 mgd during
dry and wet seasons.

Cond1ti~ns at the Chelsea Creek Headworks (Figure6—4) are also affected by tidal conditions, but to a
lesser extent. Also, in this case, there is a rise in
low flows from about 80 mgd to about 130 mgd from fall to
the spring wet period.

Flows into the Ward St~reet Headworks as shown onFigure 6—6 also show some tidal Influence. As at Columbus
Park, low flows do not change over the wet and dry seasons.

From these analyses, it can be seen that flow data
at the Deer Island Treatment Plant are severely influenced
by inflows and cannot be used as the basis for quantifying
the wastewater flows from the various tributary communities.

6—5
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Infiltration Allowance Procedure

Pending results from detailed I/I analyses, the
approach taken was to provide allowances for infiltration
from each community that is considered reasonable. An
assumption is made, however, that significant lnf lows
would be eliminated from the system.

As shown on Figure 6—7 , peak infi l trat ion allowances
are made on the basis of the tributary sewered area.

Average infiltration allowances for treatment plants
are made by increasing the average per capita sewage flows
by an allowance. This was again based on the age and
nature of the sewers. It was assumed that the portion of
the population in a c ommunity served by a particular age
system was in proportion to the area occupied by that
system.

Peak Infiltration. On the basis of a review of
past sewer construction practices (see Appendix A), each
community ’s sewered area was divided into three age groups
as follows :

1. Old sewers are those constructed prior to ig4o
when cement—mortared joints were predominant .

2. Middle—age sewers include sewers constructed
between 19~4O and 1959 when hot—poured bituminous
jo ints  for vi tr if ied—clay pipe and flat—ribbed
rubber gasket joints for reinforced—concrete
pipe were predominant.

3. New sewers include those constructed after 1959
when push—on rubber gaskets came into use on
vitrified—clay pipe and 0—Ring rubber gaskets
on reinforced— clay pipe.

These are shown in Table 6—1.

Following this , studies of past data , reports and
infiltration measurements were made to determine reasonable
allowances for each category . (See Appendix A.) These
were then tested against selected data and adjusted as
appropriate.

The adjustment to Figure A— 13 consisted of creating
an additional category for peak infiltration for very old
sewers in the low and combined sewer areas in Boston,
Cambridge , Chelsea, Everett , Revere , and Som5ervllle. An
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TABLE 6—1. SEWER SYSTEM CHARACTERISTICS

1970 sewered % of sewered acres
No. Community name acres New M.A.  Old

1 Acton 0 100 0 0
2 Arlington 3,000 9 12 79
3 Ashland - - 250 100 0 0
4 Avon 0 100 0 0
5 Bedford 1,400 89 11 0
6 Bellingham 0 100 0 0
7 Belmont 2,000 13 4 83
8 Berlin 0 100 0 0
9 Beverly 3,525 20 20 60

10 Billerica 1,000 80 20 0
11 Bolton 0 100 0 0
12 Boxborough 0 100 0 0
13 Boxford 0 100 0 0
ill Braintree 4 ,1400 59 15 26
15 Brookline 860 2 2 96
16 Brookline 2,330 2 2 96
17 Burlington 3,900 100 0 0
18 Cambridge 3,400 8 0 92
19 Canton 1,650 82 7 11
20 Carlisle 0 - 100 0 0
21 Che lmsford - 

0 100 0 0
22 Chelsea 1,000 0 2 98
23 Cohasset 150 - 100 0 0
24 Concord 700 5 10 85
25 Danvers 3,500 34 33 33
26 Dedham 2,700 14 28 58
27 Dover 0 100 0 0
28 Duxbury 0 100 0 0
29 Essex 0 100 0 0
30 Everett 1,300 3 1 96
31 Framingham 7,000 43 57 0
32 Franklin 1,000 5 15 80
33 Gloucester 850 10 10 80
34 Hamilton 0 100 0 0
35 Hanover 0 100 0 0
36 Hingham 650 69 31 0
37 Holbrook 0 100 0 0
38 Holliston 0 100 0 0
39 Hopkinton 0 100 0 0
40 Hudson 1,350 20 80 0
41 Hull 350 20 50 30
42 Ipswich 1450 100 0 0
43 LexIngton 4,400 54 21 25
44 Lincoln 0 100 0 0

— 45 Littleton 0 100 0 0
46 Lynn 4,250 0 0 100

6—12
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TABLE 6—1 (Continued). SEWE R SYSTEM CHARACTERISTICS

- 1970 sewered % of sewered acres
No. 

- 
Community name acres New M.A. 0H

47 Lynnfleld 0 100 0 0
48 Maiden 2,600 5 3 92
49 Manchester 1400 5 5 90
50 Marblehead 2,050 10 10 80
51 Marlborough 3,000 10 10 80
52 Marshfleld 25 0 10 90
53 Maynard - 850 20 70 10
514 Medfleld 100 0 80 20
55 Medford 2,750 2 3 95
56 Medway 16 0- 0 100
57 Melrose 2,000 14 8 88
58 Middleton 100 0 100 0
59 Milford 1,500 0 50 50
60 Millis 1,100 0 50 50
61 Milton 230 13 46 41
62 Milton 2,510 13 46 41
63 Nahant 500 0 0 100
64 Natick 3,800 514 ~46 0
65 Needham 3,600 40 32 28
66 Newton 4,120 5 12 83
67 - Newton 

- 

6,260 5 12 83
68 Norfolk 0 100 0 0
69 North Reading 0 100 0 0
70 Northborough 0 100 0 0
71 Norwell 0 100 0 0
72 Norwood 3,200 29 22 49
73 Peabody 2,800 0 0 100
74 Pembroke 0 100 0 0
75 Qulncy 5,250 5 9 86
76 Randolph 1,800 100 0 0

- - 77 Reading 2,100 61 10 29
78 Revere 1,800 5 17 78
79 Rockland 1,650 100 0 0
80 Rockport 1400 10 10 80
81 Salem 2,050 0 0 100
82 Saugus 1,250 34 33 33
83 Scltuate 1450 80 20 0
84 Sharon 

- 0 100 0 0
85 Sherborn 0 100 0 0
86 Somerville 2,300 0 0 100
87 Southborough 0 100 0 0
88 Stoneham 1,900 36 10 514
89 Stoughton 1,000 35 140 - 25
90 Stow 0 100 0 0
91 Sudbury - 0 100 0 0
92 Swampscott 1,150 10 10 80

_ _ _ _ _  _ _ _ _ _ _ _ _ _  
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TABLE 6— 1 (Continued). SEWER SYSTEM CHARACTERISTICS

- 1970 sewered % of sewered acres
No.- Community name acres - New M.A. Old

93 Tewksbury 0 100 0 0
94 Topsfield 0 100 0 0
95 Wakefield - 2,250 33 17 50
96 Walpole 1,100 414 4 52
97 Waltham 4,300 25 17 58
98 Watertown 2,100 0 11 89
99 Wayland 0 100 0 0
100 Wellesley 6,200 20 27 53
101 Wenham 0 100 0 0
102 Westborough 1,100 90 10 0
103 Westford 0 100 0 0
104 Weston 0 100 0 0
105 Westwood 600 100 0 0
106 Weymouth 3,050 67 28 5
107 Wilmington 50 100 0 0
108 WInchester 2,550 20 13 67
109 Winthrop 800 0 0 100
110 Woburn 2,100 66 7 27
111 Wrenthazn 0 100 0 0

• 112 Boston Proper 
- 

1,1480 0 0 100
113 Brighton 1,990 0 0 100
114 Charlestown 480 0 0 100
115 Dorchester 2,900 0 0 100
116 Dorchester 410 0 0 100
117 East Boston 1,120 0 0 100
118 Fnwy—Jmaca 1,290 0 0 100
119 Fnwy—Jmaca 1490 0 0 100
120 Hyde Park 2,660 0 0 100
121 Mattapan 960 0 0 100
122 Roslindale 1,300 0 0 100
123 Roxbury 2,290 0 0 100
1214 South Boston 1,470 0 0 100
125 West Roxbury 1,450 0 0 100

allowance for 5,000 gad (gallons per acre per day) was
made for sewers In this area which are tributary to the
Deer Island Treatment Plant.

The design parameters for peak Infiltration are
shown on Figure 6—7 .

Average Infiltration. For the three sewer system
age groups, average infiltration rates were developed In
Appendix A as follows:

6— 14
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Age of system - Per capita allowance In gal.

New 30

- Middle age 60

Old - 90
- However, similar to the peak infiltration allowance
procedure, an increased allowance was felt necessary for
the very old sewered areas. In this case, Brookline,
Quincy, and West Roxbury were added to the previous list.
The allowance selected was 120 god except In densely popu—
lated areas where this exceeded the peak allowance. In
those cases, 75 percent. of peak was used.

The design allowance for average infIltration are
shown In Table 6—2.

TABLE 6—2. AVERAGE INFILTRATION DESIGN ALLOWANCES

Average Infiltration
Age of system allowance, gcd

New 30

Middle age 60

Old 90

Very old in low areas 120(1) or 75% of peak~
2
~

1. IncludIng Cambridge, Chelsea, Everett, Revere,
and Somerville.

2. Inc ludes Boston, Brookline and Quincy.

Combined Sewage Flow Considerations

In the sizing of interceptors serving combined sewer
areas, past design practice has been to provide for addi—
tional capacity to handle a certain amount of stormwater.
In the deaign of the Boston Main Drainage System, an addi-
tional allowance was made for inf low of .01 inches per
hour (about equal to dry—weather flow). In the early
designs of the metropolitan interceptors, an additional
allowance for stormwaters of 5 cubic feet (37.4 gallons)
per person was made. In the design of the tunnel system, 

—a peak flow of about three times average dry—weather flow

6— 15
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was used in order to allow for combined sewage. The over—
all concept was that flows in excess of this would have
sufficient dilution so as not to cause pollution problems.
More recent approaches to management of combined sewer
overflows indicate that little benefit i~ gained by inter—cepting portions of overflows unless such Interception is
significant. As presented in Technical Data Vol. 7,
Combined Sewer Overflow Regulation, specific facilities are
proposed to abate pollution from combined sewer overflows.
It Is, therefore, not considered practical to maintain a set
interception ratio of three times dry—weather flow when the
overflowing combined sewage has to be managed for pollution
abatement in any event. On this basis, testing for adequacy
of interceptors serving areas including combined sewers is
on the basis of peak dry—weather flow. Where such flow
increases with time, the present interception ratio Is
reduced to less than three.

Infiltration Allowances Selected

The Infiltration allowances selected are shown in
Table 6—3.

6— 16
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CHAPTER 7

TREATMENT CRITERIA

General

Wastewater treatment systems are composed of unit
operations in which the application of physical forces
predominate and unit processes in which removal of pollu-
tants is accomplished primarily by biological or chemical
phenomena, Combinations of unit operations and processes
have historically provided an extent of treatment known
as primary or secondary. Treatment requirements beyond
that provided by secondary unit operations have conven-
tionally been termed as “tertiary treatment” or “advanced
wastewater treatment.” Since the extent of treatment
inferred by these terms is arbitrary, that treatment
required beyond EPA—defined secondary may be determined
by establishing the contaminant removals required prior
to discharge or land application. The available unit
operations and unit processes may then be grouped together
on the basis of compatibility and performance criteria
to obtain technologically feasible categories of effluent
quality.

The conventional objectives of wastewater treatment
are removal of (1) biodegradable organics, (2) suspended
solids, (3) nutrIents (nitrogen and phosphorus), and (14)
destruction of pathogenic organisms by disinfection.

The objectives of secondary treatment have been
the removal of biodegradable organics and suspended
solids and disinfection. More stringent standards have
recently focused on nutrient removal for control of eutro-
phication and ultimate oxygen demand.

Treatment Processes

Various technologies are available and are becoming
available for wastewater treatment. The five major waste—
water treatment systems usually considered are activated
sludge, fixed film, lagoons and ponds, land application,
and physical— chemical. The process selected for deter—
mining costs, area requirements and developing general

• layouts Is the activated—sludge process.

Preliminary Treatment. The main objective of
preliminary treatment is the removal of coarse solids.
This Is usually accomplished with bar racks or screens.

7—1
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Commiriutors are sometimes used in p lace of racks or screens
to ~rind up the solids without removing them from thewastewater . Grit chambers are designed to remove grit,
consisting of sand , gravel, cinders, or other heavy solid
materials that have settling velocities or specific gray!-.
t~e~ ~ubstantially greater than those of the organicputi’esclble solids In wastewater. Skimming tanks, grease
traps , preaeration , and flocculation are additional
processes that may be used to make primary treatment more
effective .

Primary Treatment. Primary sedimentation Is used
to remove settleable and floating material from wastewater
under quiescent conditions. Sludge is collected in a
hopper at the bottom of the tank and scum is skimmed from
the surface. Chemicals may be added to promote the preci—
pitation of phosphorus compounds , BOlD5 (5—day biochemical
oxygen demand) and SS.

Secondary Treatment. The activated—sludge process
uses suspended microorganisms to oxidize soluble and collo-
idal organics contained in domestic wastewaters. During the
oxidation process , new cells are synthesized. Some of the
synthesized cells undergo auto—oxidation in the aeration tank,
the remainder forming excess sludge. Oxygen is required
in the process to support the oxidation and synthesis
reactions. The solids generated must be separated in a
settling tank, with the largest portion returned to the
aeration tank, and the excess sludge withdrawn from the
system for further handling and disposal. Due to the
flexibility of the process, an activated—sludge plant may
have various modifications.

The step aeration process was selected in the
preliminary plant layouts made. In this process, the
influent wastewater is Introduced at several points along
the aeration tank. The return sludge is introduced at
the head end of’ the tank as in the conventional process.
The process can accept higher volumetric loadings than
the conventional process without any reduction in treatment
efficiency. Since the incoming flow is distributed along
the length of the aeration tank, the initial oxygen demand
is reduced below that experienced In the conventional
process, Volumetric loading is ~O— 6O pounds BOlD5 per dayper 1,000 cubic feet. The organic loading in F/M (food—to—
microorganisms) ratio is O.2—0.~4 pounds BOD5 per poundper MLSS (mixed—liquor suspended solids) per day.

Figure 7—1 shows the treatment train and effluent
criteria for this.

7—2
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Disinfection. Chlorine is perhaps- the most commonly
u sed chemIca l disinf ectant and is presently used at the Deer
and ~ut Island treatment plants. As chlorine is added to the
eff luent, readily oxidizable substances and organic matter
react with the chlorine , r educ ing most of it to the chlor ide
ior~. After meeting this immediate demand , t he chlor ine will
contl:~ue to react with the ammonia to form chioramines. With
~‘ont!nued addition of chlorine , essent ially al l of the
chioramiries will be oxidized. Continued addition of chlorine

~.il1 ~‘es ’~~lt in a directly p roportional incr ease in the free
available chlorIne .

For the purposes of this study, chlor inat ion is
continued as the method of disinfection .

Nitrification. The conventional activated—sludge
process , as previously described under secondary treatment ,
can be ised to provide seasonal nitrification of wastewater
effluent at conservative design loading rates. However ,
as presently established , the r equirement for satellite
~lants Is for continuous nitrification .

The pr oce ss selected, as shown on Figure 7—2, is
suspended growth. In a controlled environment , certain
microbIal population will convert ammonia to nitrate in
the presence of oxygen. Nitrosomonas act on dissolved
ammonia to form nitr ite , which in turn is converted to
nitrate by Nitrobacter. This process is carried out In
an activated—sludge system downstream from co~wentional
secondary treatment or primary treatment with chemical
additions. The oxidation of ammonia to nitrate can be
carried out with either air or pure oxygen. Because the
microbial conversion causes a drop in pH, provision should
be made for lime or caustic add~~t 1~r with low alkalinity
wastewaters.

Phosphorus Removal. In the layouts shown, metal
salts are added to the final clarifier Influent channel.
r4ultipoint additions have been successful as shown by the
addition of metal salts also in the denitrification phase.
Phosphoru s is removed from t he liquid phas e throu gh a
combination of precipitation , adsorption, exchange, and
agglomeration and It Is wasted with the primary and/or
secondary sludges.

Filtration. Filtration is used in wastewater
treatment as an intermedIate or fInal polishing step for
removal of SS and will also produce a reduction in BOD5.
Additional phosphorus may also be removed If the waste—
water is previously treated with alum . Multi—media filter

- 
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beds have been composed of various combinations of anthra-
cite , sand, garnet, and activated carbon. The process
may r equire prec hior ination to prevent buildup of blob —
gical growths on stationary components of filters. Back-
wash systems are required and high rate filtration may
require a polymer feed system to contain breakthrough.

Post—Aeration. In order that the wastewater
effluent not exert an immediate demand on the oxygen
resources of the receiving water, the oxygen content of
the wastewater effluent is increased . The processes
available are hydraulic , air diffusion and mechanical.
~ydraulic processes are usually a creation of cascades
hich require available height of fall of the effluent
~bove the stream . Air diffusion Is a process of bubbling
air into the effluent through diffusers operating under
compressed air. Mechanical aeration is achieved through
agitation of the air—water interface.

The latter pro&ess may be combined effectively with
chlorination and is used In the sizing of satellite plants.

Nitrogen Removal. Various processes are available
for nitrogen removal including breakpoint chlorination,
ammonia stripping, select ive ion exchange, and suspended
growth and fixed—film denitrification .

For purposes of this study , suspended growth deni—
trificatlon was selected and is shown on Figure 7—3 . Nitro-
gen in the form of nitrates can be converted to nitrogen
gas by bacterial populations in the absence of oxygen.
This process is carried out in a plugflow activated—sludge
system following any process that converts ammonia and
organic nitrogen to nitrate (nitrificatlon). The bacteria
obtain energy for growth from the nitrate—nitrogen reac-
tion, but require an external source of carbon for all
synthesis , because nitrified effluents are usually low in
carbonaceous matter. Methanol is commonly used as a
carbon source. Nitrogen gas formed in the denitrification
reaction will hinder mixed liquor settling. Therefore, a
nitrogen gas stripping reactor should precede the denitri—
fication clarifier. Polishing of residual methanol—induced
~~~~ is an added benefit of the stripping tank.

Carbon Adsorption. Activated carbon treatment of
‘ .-• .~ ter is usually used as a final polishing process

-t~~-~ ~: Thown on Figure 7—a. Wastewater is passed through

~ c~~ - “-~ -~r’ bed of granular activated carbon where certain
• .~ ~ø r~i~iIcs are physically and chemically adsorbed in

~
“- : ‘ ruc ture of the carbon. Usually , there is

7—6
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biological activity within the column which aids in the
removal of both soluble and suspended organic material.
Filtration of SS can be achieved depending on the design
of the carbon column. Backwashing facilities are needed
and a regeneration system Is required to remove the• material adsorbed on the carbon.

Sludge Hand lin~

Disposal of Treatment Plant Residuals. Wastewater
treatment plants that provide for pollutant removals
produce a significant quantity of residual material. This
residual material or sludge is a semi—liquid waste which
is normally processed to convert It to a suitable condi-
tion for disposal. Sludge disposal includes collection,
transportation and final disposal.

The characteristics of sludge vary depending on its
origin, the amount of aging that has taken place, and the
type of processing to which it has been subjected. Sludge
from primary sedimentation tanks is usually grey and slimy
and, in most cases, has an offensive odor. Waste—activated
sludge generally has a brown flocculent appearance and,
when in good condition, has an inoffensive characteristic
odor.

For this study , the processing and disposal of
sludge from the Deer and Nut Island treatment plants is as
reported in a 1973 report by Havens and Emerson Limited ,
Consulting Engineers, entitled A Plan for Sludge Management.

For studying various alternatives involving other
plants, incineration of sludge was used as the method for
disposal. For certain satellite plants, other alternatives
were also investigated to show the feasibility of sludge
disposal by landfilling, by regionalization and by combin-
ing with other solid wastes.

Treatment Criteria Selected

Plants with Coastal Discharges. For the Deer and
Nut Island treatment plants, the process selected is in
accordance with EPA (Environmental Protection Agency) mini-
mum treatment requirements as shown on Figure 7—i. In

• those cases where primary treatment plus ocean outfall
from the two plants is discussed , the criteria used for
sizing of sedimentation basins is reduced from 1,200 to
1,000 gpd per square foot of surface area for average flows.
A second criteria of 3,000 gpd per square foot for peak
flow is also used .

7—9 
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Plants with Inland Discharges. All streams in the
EMMA area are water— quality limited requiring treatment
beyond secondary . Therefore, treatment requirements for
Inland plant discharges is based on effluent limitations
established by Basin Plans being developed by the
Massachusetts Division of Water Pollution Control.

Pending the findings of the Basin Plans, treatment
requirements for inland plants were selected on the basis
of findings under similar conditions in other locations.

The treatment selected f or inland plants for the
purpose of determining capital and operating costs and
area requirements is shown on Figure 7—2.

In se lecting the treatment requirements , considera-
tion was given to the use of only seasonal nitrification
to nitrogen removal and to the inclusion of carbon adsorp—
tion for further effluent polishing .

The Basin Plan may in the final analysis permit
seasonal nitrification. However, criteria established
presently in Massachusetts require all year operation of
fac ilities whose need is established on the basis of

• critical dry season flows.

Nitrogen removal can be required to limit eutrophi—
cation problems and to limit the nitrate content where
the receiving waters are used as a source of water supply.
Since eutrophication problems are more economically and
normally better controlled through the limitation of phos-
phorus as a nutrient, nitrogen removal for this purpose
is not widely practiced . Domestic wastewaters contain
nitrogen to phosphorus ratios of about 3 to 14 parts of
nitrogen to 1 part of phosphorus as shown in Table 7—1.
Since green and blue—green algae cells normally contain
12 to 15 parts of nitrogen to 1 part of phosphorus,
domestic wastewaters contain an excess of phosphorus
over that amount that these algae are able to use. This
excess quantity can be utilized by certain nitrogen fixing
algae in nitrogen deficient waters and this is one of the
mechanisms through which excessive algae blooms can occur,
resulting in an Increase in the nitrogen budget. All
algae, both green and blue—green thrive as long as both
nitrogen and phosphorus are present . If nitrogen becomes
limiting, certain species of blue—green algae can still
continue to thrive as long as phosphorus is available.
This situation develops In lakes and reservoirs but has
not been known to exist In rivers , except possibly in
backwater areas. Where phosphorus is present in excess,

7—10
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most algae use nitrogen and phosphorus in a ratio of
about 15 to 1 and will flourish up to ratios of 30 to 1.

— Before phosphorus can become limiting, the phosphorus
level must be reduced to less than 0.5 mg/L when total
nitrogen equals 15 mg/L or less than 1.0 if it equals
30 mg/L. Removal of nitrogen on the basis of control-
ling eutrophication does not appear warranted .

TABLE 7—1. TYPICAL SOURCES OF NITROGEN AND
PHOSPHORUS IN AN URBAN ENVIRONMENT

Total nitrogen, Total phosphorus,
Type of wastewater mg/L as N mg/L as P 

F

Untreated municipal
(1) 

~4O 10

Treated municipal~~~
Primary~~~ 35 8

Secondary(1) 30 5

Combined sewage ’
~~ 11 14

Surface runoff(1) 3 1

Rainfal1~
2) 1.3 .08

1. Urban Stormwater Management and Technology: An Assess-
ment, Environmental Protec,tion Technology Series EPA—

- 670/2—7~4—0~40 , December l97~4 by Metcalf & Eddy , Inc .2. Eutrophication: Causes, Consequences, and Correctives,
Proceedings of a Symposium , National Academy of
Sciences , 1969.

Unless direct water reuse is contemplated , the inclu-
sion of carbon adsorption as a polishing technique is not
warranted . Basin planning to date indicates that the
oxygen resources of the stream would meet its classifica—
tion in the case of contemplated plants on the Middle -
Charles and the Upper Neponset rivers.
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CHAPTER 8 - -

DESIGN PARAMETERS

Periods of Design

The following periods of design were used for the
various components of the treatment system.

Sewers. MDC interceptors were designed for flows
expected in the year 2020 when relief is required imnie—
diately or by 1980. When additional capacity is not
required until the year 2000, sewers were designed for
2050 flows.

Tunnels. All tunnels were designed for flows
anticipated in the year 2050.

Subaqueous Pipelines. Subaqueous pipelines were
designed for flows anticipated in the year 2050.

Pumping Stations. All pumping station improve—
ments were designed for flows anticipated in the year
2000 with the largest pump out of service.

Treatment Plants. Treatment plants and improve-
ments to plants were sized for flows anticipated in the
year 2000.

Friction Factors

Flow friction factors as used in Manning’s Equation
were as follows:

New Sewers

Less than 30 inches in diameter = 0.015

Between 30 inches and 814 inches in diameter = 0.013

89 inches in diameter and greater = 0.011

Old Sewers

Cast iron = 0.016
- 

. Concrete = 0.015

8—]. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~ ~~~~~~~~~ a.~~~a.~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -- 
- _ _ _

Brick = 0.016 except
0.0114 for the South Metropolitan High Level

Sewer.

Force Mains - -

Sizing of new force mains were based on a flow
velocity of 6 fps (feet per second).

8—2 
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CHAPTER 9

COST PARAMETERS

General

The cost—estimating procedure described herein was
generally followed in the development of the cost esti-
mates of the various concepts and alternatives. Final
estimates for the selected plan were developed using more
detailed procedures.

Cost Bases

The estimated costs reflect ENR (Engineering News—
Record) Index values taken at 2200 which is considered
representative of costs in Boston for January 1975.

All costs include allowances for engineering and
contingencies ranging from 25 percent for interceptors
to 50 percent for upgrading of facilities at sewage pump-
ing stations.

Costs for the construction of sewers, outfalls,
treatment and pumping facilities that had been developed
during the preparation of engineering reports for various
communities involved in the study areas were used wherever
applicable. In those cases, costs were updated from those
presented in the reports by direct application of an ENR
adjustment factor.

In other cases, the methodologies described in this
chapter were used as the basis for determining costs.

Sewers

Whenever drawings were available, the length, depth
and slope of the proposed sewers was taken directly from
construction drawings. Relief lines were assumed to be
Installed parallel to the existing lines. Where construc-
tion drawings were not available, lengths were scaled from
1 inch equals 6,000 feet conceptual layout plans, and
slopes and depths were estimated from the 2,000 scale USGS
(U. S. Geological Survey) topo sheets.

For cost estimating purposes, two major soil condi-
tions were established to cover the work in the study
area. These two conditions are defined as follows:

9—1
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Condition 1 is readily favorable for excavation
based upon open cut in a dry cohesive sandy and
gravelly soil. Spot sheeting or bracing is
provided for trenches up to 12 feet in depth with
a fully sheeted trench for depths greater than
12 feet.

Condition 2 is not readily favorable for excavation
and is based on a fully sheeted trench excavation
in a moderately wet ground condition.

Open cut sewer costs for these two soil conditions
are shown in Tables 9—1 and 9—2.

- Estimated costs include allowances for the actual
cost of furnishing and installing the pipe; excavation
(of which 5 percent is considered rock); trench sheeting
and dewatering; backfill; installation of manholes;
handling of traffic and utilities; and repaving. These
tables reflect construction conditions that would be
expected to occur in urban areas (i.e. utilities, resur-
facing, etc.). For this reason, it was necessary to
adjust the costs as shown in the tables for conditions
where conduit was laid through marsh areas or in generally
open and undeveloped areas. Costs for construction in
open areas were taken at 80 percent of the figures shown
In Tables 9—1 and 9—2 , while costs in marsh areas were
increased by 114 percent to allow for access problems and
necessary increased dewatering activities.

Where rock excavation problems were known to exist,
an additional volume of rock excavation was allowed for.
The unit cost for the excavation of rock (hard granite)
was taken at $100.00 per cubic yard.

Major obstructions to sewer construction considered
were Routes 128, 95 , 1, 9, 3, and the Massachusetts Turn-
pike. The lateral extent of these obstructions was
scaled from the USGS topo sheets of the study area and an
additional contingency factor of $100 per linear foot was
applied to allow for exceptional traffic control problems
and other miscellaneous items associated with such high—
way crossings.

Force Mains

Unit costs for the construction of the force mains
associated with the various alternatives were developed
for each specific instance. Due to their relatively small

9—2 
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cost and the few instances in which force mains had to
be estimated, their cost was added to the pumping station
costs, wherever such were necessary .

Submarine Outfalls and River Crossings

Costs of submarine outfalls were updated from
— various engineering studies wherever possible . In those

cases where reports were not available for possible new
satellite plants on the coastline, outfall costs were
based on a length of 1,800 feet using the costs reflected
on Figure 9—1.

These unit costs are based on an evaluation of
known costs of submarine outfalls constructed in areas
with generally similar oceanographic characteristics to
those here considered, and reflect costs for outfalls
constructed on piles and terminating in a moderate depth
of approximately 60 feet. Estimated costs include allow-
ances for the actual cost of the pipe plus a straight
diffuser at the outlet end; excavation associated with
the installation of the pipe ; pipe laying; piles and
backfill.

The costs associated with major river crossings in
tidal areas were also determined based on submarine out-
fall construction practices and, consequently, Figure 9—1
was used in their analysis.

For inland river crossings, costs were based on
figures shown in Tables 9—1 and 9—2 plus an allowance of
$100 per foot to allow for the construction and removal
of a working surface and miscellaneous construction diff I—
culties anticipated at the crossings.

Tunnels

Tunnels were used in all instances where the depth
of the proposed Interceptor exceeded 30 feet or was in an
extremely congested area. Costs were developed for each
specific instance and were based on a “shooting and quarry”
technique normally used in areas of hard rock. Costs
include the necessary labor, equipment, and materials
associated with tunnel work and are based on a three—shift
operation with a tunneling rate of 9 feet per 214—hour day.
The costs also include the access and air—vent shafts and
are based on operating In a free air surface at the tunnel
face.
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For short tunnel projects involving relief of
sewers, this overall cost amounted to between $5.3 and
$6.3 million per mile depending on size, depth and length.
For the major alternative of ocean disposal of Deer and
Nut Island treatment plants effluent, the tunnel cost,
excluding pumping facilities and the diffuser, was $5.3
million per mile for Inner Harbor tunnels and $10.6 million
per mile for tunnels in the Massachusetts Bay area.

Pumping Stations

The costs for the construction of new pumping
stations were based on detailed analyses performed for
other pumping facilities. The costs are based on a
depth of substructure of 30 feet and a total dynamic
head of 60 feet. Costs include the structure; pumps and
appurtenances; piping and valves; electrical work and
instrumentation; comminutors and engine generators. Costs
in dollars per mgd capacity based on maximum plant capacity
with the largest unit out of service are presented on
Figure 9—2.

The cost for upgrading the existing Metropolitan
District pumping stations are based on a case—by—case
analysis. Such costs include replacement of existing
pumping stations where required or for the necessary work
to modernize and automate those facilities that can be
upgraded . The estimated costs also include an allowance
of 50 percent for engineering and contingencies but do
not provide for land acquisition, right—of—ways, legal
fees, and interest during construction. A detailed dis-
cussion of each of the concerned pumping facilities is
contained in Technical Data Vol. 9, MDC Interceptor and
Pumping Station Analysis and Improvements.

Treatment Plants

Determination of generalized capital costs for
wastewater treatment facilities is most frequently accom-
plished by utilizing actual construction cost data from
previously constructed plants. In order for the data
to be useful over a range of treatment plant sizes, the
cost data usually takes the form of one or a series of
curves. Each curve is the result of a plot of construction
cost against plant size.

When estimating treatment plant costs, one method
has been the practice to develop a plot of a series of
points each representing a single plant. Although the
plants may not employ treatment processes consistent with

9—7
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one another, the plot of points and resulting curve is
considered to generally represent the cost of plants
having a similar degree of treatment.

A second method has been to break the actual
construction cost data down a unit process basis and
relate the cost to a selected design parameter for each
unit. Given a design quantity, the costs of all units
may be determined, or, for a range of quantities, a
curve m ay be developed. This method permits total plant
cost to be estimated on the basis of’ the size of the
Individual treatment units.

Thirdly, costs may be estimated by applying unit
prices to a detailed breakdown of materials and labor.
This method of estimating Is used when detailed estimates
are conducted during final stages for facility implemen—
tat ion.

For this study , the second method for estimating
plant costs was used.

Basis of Estimate. Curve “A” as presented on
Figure 9—3 considers costs for preliminary treatment,
including grit and screenings removal; primary treatment
and secondary treatment ; while Curve “B” also reflects
nitrification; filtration; reaeration and dis~Lnfection.Sludge disposal facilities include flotation thickening

S of waste—activated sludge vacuum filtration and incinera-
tion for plants of 15 mgd and larger; and vacuum filtra-
tion and Incineration for plants between 10 mgd and l~49mgcl. For plants of less than 10 mgd, solids will be
disposed to land. Phosphorus removal will be accomplished
by metal salt addition upstream of the secondary settling
tank. Costs for influent pumping and for intermediate S

pumping ahead of the filters have also been included. S
The processes for various sized plants represent what S
would be considered typical cost—effective processes
based upon our experience.

Costs for outside piping, site work, electrical
instrumentation, operations and administrative facilities
along with an allowance of 35 percent for engineering
and contingencies has been included in the total.

The first step of the curve development involved S

sizing treatment units for the aforementioned processes
for plants having average daily flows of 2, 5, 10, 15,
25, and 35 mgd. These sizes were chosen because satellite
plants (with the exception of Watertown) are included

9—9 
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within Its range and the sizes are at points within the
range which will permit development of a representative
curve. Concurrently , historical construction cost data
was being reviewed and broken down by unit type. Data
was evaluated by unit size In order to establish cost S

trends for differently sized units , e.g., small treatment S
units generally have a higher unit cost than larger
treatment units. In ad~1itIori, when applicable, actualtreatment unit costs were utilized where they were
available.

Following development, each of the unit costs was
applied to each of the sized units. The total cost of
the component units was then plotted for each of the
selected sizes and a curve drawn linking the points. The
resulting curve, FIgure 9—3, then provided the cost for
any like treatment plant sized withir. the range of the
curve.

Upgrading of Existing Deer and Nut Islands Waste—
water Treatment Plants. A detailed discussion relating
to the upgrading of the existing Deer and Nut Island
wastewater treatment plants is presented in Technical
Data Volumes 10 and 11, respectIvely , together with dis-
cussion relating to the expansion of primary facilities
and ultimate extension to secondary treatment capabilities.

Recommended Plan. Costs for facilities in the
S recommended plan were not taken from Figure 9—3 but were

developed by estimating the cost of each major component
S specifically .

Operation and Maintenance Costs

Operation and maintenance costs have been developed
for the various components of the system and are presented
separately for treatment plants, existing pumping stations,
and proposed pumping stations.

A brief section Is also presented to describe how
the total MDC Sewerage DIvision’s 1975 Budget Request was
Incorporated Into the total annual operation and mainte-
nance costs. All costs are based on January 1975 prIces.

S Transport Facilities. No estimate was prepared
to reflect the cost for maintaining the new Interceptors
proposed In this report. It was felt that any new pipes
could reasonably be expected to remain virtually mainte—
nance free during the first few years of service. Main— S

tenance allowances for the existing interceptors within

9—11
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the MDC System were based on those funds allocated within
the 1975 budget request.

Proposed Pumping Stations. Cost associated with
the operation and maintenance of the proposed facilities

S were based on EPA cost curves.

Labor rates associated with operation and mainte-
nance were based on actual pay rates currently used by
the MDC, to which 25 percent was added to reflect allow-
ances for fringe benefits such as retirement, sick leave
and holidays, etc.

Electric power costs were computed for various
sized pumping stations and were taken at the current rate S

of’ 2.2 cents per kwh (kilowatt—hour). All other material S
S and supply costs were based on the EPA curves updated to an

ENR of 2200 and relate directly to the average quantity of
wastewater pumped (mgd).

S Existing Pumping Stations. Costs associated with
S the operation and- maintenance of sewage pumping stations

varies widely with the flow, type of power used to drive
the pumps, the age of the facilities, and the degree of
automation incorporated into the design of the facilities. S

The estimated operation and maintenance costs associated
with these pumping facilities are based on the manner of
operation that would be required as a result of any
improvements made to the stations as described in detail
in Technical Data Volume 9.

Manpower estimates were based on the sizes of
actual staffs used at similar existing pumping stations.
Although all stations were automated to some degree, in
no cases were manpower requirements totally eliminated.
Power costs were based on a rate charge of 2.2 cents per
kwh while maintenance costs were based on actual experi-
ence with similar sized facilities.

S Sewage Treatment Plant. Operation and maintenance
costs for sewage treatment plants vary widely and depend
primarily upon the quality of’ effluent to be achieved and
the means by which sludge disposal Is accomplished. Plant

S location, operator capabilities and the characteristics
of sewage being treated are also Important considerations
that effect operation and maintenance costs.

S 

With the exception of the Deer and Nut Island treat—
S ment p lants, operation and maintenance cos ts were estimated

using the curve on Figure 9—k which reflects the operation

9—12
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and maintenance costs of the treatment train shown on
Figure 7—2. This curve was plotted following a detailed S

analysis of the cost of operation of eight treatment plants
designed for different flows. Costs reflect the use of
manpower as recommended in the USEPA manual entitled
Estimating Staffing for Municipal Wastewater Treatment
Facilities.* Chemical costs for chlorine are based on
current prices paid by the MDC to its suppliers, and other
chemical costs are based on data obtained from suppliers.
Power costs have been calculated using today ’s prices for
electricity and other fuels.

Costs for all plants of l0—mgd flow and greater S
reflect the use of’ incineration for sludge disposal, while
those facilities treating flows of less than 10 mgd are
assumed to use landfill techniques for the disposal of
solids.

Operation and maintenance costs for the relatively
few satellite or peripheral secondary facilities reflected
in the estimates were taken at a percentage of the cost of
advanced waste treatment. The percentage figure was
developed from a detailed analysis of secondary plants.

Operation and maintenance costs were specifically
estimated for the Deer and Nut Island facilities based
on the expansion of the existing primary facilities along
with their extension to accomplish secondary treatment.

S These costs were combined with the MDC operation and
maintenance budget for 1975.

Expansion of the 1975 MDC Budget Request. During
the preparation of the operation and maintenance costs
associated with the Deer and Nut Island facilities and S

the remainder of the existing MDC System, an investIgation
was made to determine if fuel costs and chlorine costs S

had changed significantly since the preparation of the
budget. Results of the investigation indicated that
chlorine costs had risen nearly 51 percent while diesel
fuel costs had also risen although not quite as sharply
as that of chlorine. All expanded budget estimates
reflecting these items were based on the latest costs
available; however, it should be po:~.nted out that chlorineis in short supply and it is quite reasonable to assume
that all chemical and fuel costs will continue to rise
as demand continues to rise.

‘U. S. Environmental Protection Agency, Office of Water
Program Operations, Washington, D.C., Contract No.
68—01—0328, March 1973.
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APPENDIX A

INFILTRATION MEASUREMENTS AND ANALYSIS S

S General

Infiltration is water entering a sewer system includ— S

Ing service connectIons from the ground through such means
as defective pipes , pipe joints, connections, or manhole
walls. Infiltration does not include inflow, which is water
discharged into a sewer system Including service connections
from such sources as roof leaders, cellar, yard, and area S

drains, foundation drains, cooling water discharges, drains
from springs and swampy areas, manhole covers, cross connec-
tions from storm sewers and combined sewers, catchbasins,
stormwaters, surface runoff, street wash waters, or drainage.

For a given area, the amount of infiltration depends
upon:

1. Type of and distance between pipe joints;

2. Age of tLe sewer;

3. Elevation of groundwater in relation to the
sewer;

S 
L~, Proximity to watercourses;

5. Nature of the surrounding soil;

6. Quality control during installation;.

7. Topographic features; and

8. Climate.

Spring is generally considered the wet season when
the groundwater levels are high due to melting snow and
heavy rains, while later summer and fall are considered

S the dry season when rainfall is light and groundwater
levels are low.

In design of sewers, a peak rate of infiltration is
used which is generally based on a measure of the condition
and size of the tributary sewer system . For the design of
treatment facilities, both a peak and average infiltration

S 
- value Is necessary . The peak value Is used for determina-

tion of hydraulic capacity and the average value for 
S

_  5 5 5 5  S - S S 5 S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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treatment component determinations . It is common practice
to provide for higher rates of Infiltration allowances
for sizing of sewers serving small areas than larger areas
in order to account for the lower probability of’ high
infiltration occurring uniformly over a large area.

To evaluate the peak sewage flow rates for the
analysis of existing sewer systems or the design of new
sewers, it is necessary to account for a reasonable amount
of unavoidable Infiltration. Figure A—i shows traditional
peak infiltration allowances for designing sewers. These
curves are based on past experience with sewerage systems
similar to those under study .

Purpose of Infiltration Measurements

Limited infiltration measurements were conducted to
further evaluate the suitability of general design curves
for this study.

Infiltration can be a serious prob lem in many sewer—
age collection systems particularly those over 30 or S

years old . The Metropolitan Sewerage District was created
by the legislature in 1889; however, the first Boston
sewer was built prior to 1700 making the oldest part of
Boston ’s sewerage system 275 years old . At that time,
all sewers were built by private parties which, in many
cases, were the householders on the street where the sewer
was needed . Thus, in addition to the age of the sewers,
the quality of workmanship to minimize infiltration Is a S

factor.

In l88k—5, the Boston Main Drainage System was
completed . It served Charlestown, East Boston, Somerville ,
Cambridge , Everett, Chelsea, and Winthrop in the north
and Boston Proper , Brookline, Roxbury , Dorchester, and
South Boston in the south. Thus, this original system is
90 years old . Since the Metropolitan Sewerage System now
serves over 130,000 sewered acres including k3 communities,
there is an even greater need to allocate infiltration
allowances on the basis of type of system. It was felt
that field measurements are necessary to show how the
curves on Figure A— i should be modified for use in this S

study or that possibly a further breakdown would be
necessary. •

Basis for Establishing Sewer Age Categories

Early in the study, it was decided to group sewers
in each community in accordance with age.
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From past experienc e In analyzing municipal sewer
systems, we found that most systems with high infiltration
can be attributed to breaks and leaky pipe joints. The

S older the system , the greater the infiltration. To
explain this phenomenon, we Investigated the chronology

S of sewer pipe jointing . Pipe joint construction was
accomplished with open joints, mortar joints , cement
joints , and poured joints. Open joints were used for
storm sewers in dry ground close to the surface. Mortar
and cement joints were commonly used on all sewers with
the cement joint beIng the more watertight of the two.
Poured joints were, and still are, used occasionally in
wet trenches where it is necessary to exclude groundwater
from the sewer. However, today most of the pipe laid
has an 0—ring rubber gasket—type joint which Is felt to
be the tightest joint available.

S From an infiltration standpoint , the open and
S cement mortar joints would permit the highest groundwater

infiltration Into the pipe , the hot—poured bituminous 
S

joint , being a flexible joint, would be tighter than the
S cement—mortar jcint but not as tight as rubber—gasket

S joints. The history of jointing methods is shown graphi—
cally on Figure A—2 .

As a result of this , we have developed the follow— 
S

Ing three age categories based on jointing techniques:

Old Sewers — Sewers that were constructed prior
to 19110 when cement—mortared joints were predominant .

riddle Age Sewer — Those sewers constructed S
between i9~l0 and 1959 when hot—poured bituminous 

S

joints for vitrified—clay pipe and flat—ribbed
rubber—gasket joints for reinforced—concrete pipe
were predominant .

New Sewers — New sewers are designated as those
constructed after 1959 when push—on rubber gaskets
started to be used .

Select ion of Meter Locat ions

In order to estimate the rate of infIltration for
the various systems as further data to the establishment

S of design curves , we undertook a metering and testing
program . The purpose o~’ the program was to select several
communities which contained various degrees of old ,
middle age, and new sewer systems and to neter flows to
determine existing infiltration quantities during both
wet and dry seasons .

A— ’4
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Prior to the meter installations, the entire collec-
tion system of the Metropolitan Sewerage District was
reviewed to determine the most desirable locations for
the metering recognizing the limited resources allowed.
The perimeter communities were favored because in many
cases, an entire community could be metered with one or
two meters. If a community Iti the “inner suburbs” was
metered , it would have required six or more meters to
obtain the total community flow due to the number of
connections made to the major interceptor in that parti-
cular community .

Initially , nine communities were selected from the -

south and the north systems and pertinent information was
developed for each as shown i.n Table A—i.
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Following a detailed evaluation of the above loca-
tion, six communities or portions thereof were selected
for metering as shown on Flgure A—3 .

- - The àrlterla for selection of an area was based on
the ability to meter an area of over 100 acres In size and
to accomplish this with as few meters as po~~ible. The
communities selected were Wakefield, Burlington, Lexington,
Westwood, Stoughton, and Randolph . These communitIes were
used as the basis for determining infiltration rates for
typically old , middle age, and new systems in the study
area.

Infiltration Measurements

Wet Season. The wet season (spring) infiltration
measurements began on April 25, 1973 wIth the installation
of a 15—inch “bubble pipe” type meter on a 12—inch trunk
line in Greenwood Street at the Melrose—Wakefield town line.
Between April 25 and April 28, there were five additional
meters Installed on various trunk lines serving the commu—
nities of Wakefield , Lexington , Westwood , and Stoughton. 

S

On May 8, an additional meter was installed on the Winn S

Street- trunk line leaving Burlington.

The meters, which were operated for a minimum of
two weeks, were checked every 211 hours at which time new
charts were installed and the “bubble pipe” or “diaphragm”,
which extended into the liquid flow, was cleared of debris.
The daily flow variations obtained were studied and a
minimum early morning flow was calculated for each day.
The number of acres tributary to the meter was ascertained 

S

from sewerage system maps. Using this information, an
infiltration rate charge was plotted and the range of
minfltium flows was shown and the average minimum flow was
identified .- -

in addition to the flow measurement, “grab samples”
were taken at each location during peak and minimum flow
periods as shown in Table A—2. The peak flows usually
occurred Sbetwee:-1 the hours of 10:00 a.m. and 2:00 p.m.,
while the minimurt Ilows usually occurred between 2:00 a.m.
and 6:00 a.m. The samples were tested for BOD5, pH,
SS, and chlorides. The test results helped to determine
the po1~tion of early morning flows consisting of infil-tration when they were compared to typical wastewater
concentrations shown in Table A—3 .

S 
Of prime concern was the sewage strength in terms

S 
of BOD5 and SS. If a very weak sewage was found during

-- S -~~~~~~~~~~~~ S : ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ S S ~~~~~~~~~~~_ 5  _ _ _ _
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TABLE A—2. LOCATION OF SAMPLING STATIONS AND
TIME AND FLOW DURING SAMPLING

Meter location, Grab sample Capacity, Actual flow,
pipe size Date Pime cfs(l) cfs(l)

Wakefield No. 1 5/23 2:50 am 1.5 .31
Greenwood St. 11:30 am .141
(l2”ø) 5/3]. 3:30 am .19

11:00 am .211

Wakefield No. 2 5/23 2:145 am 25.8 9.21
B&M Railroad 11:00 am 13.21
(30”Ø) 5/31 3:30 am 7.614

11:15 am 11.87
S 

Burlington No. 3 5/23 11:00 am 9.6 .43
(214”Ø) 12:50 pm .81

5/31 2:30 am .72
2:30 pm 1.09

Lexington No. 14 5/23 3:25 am 16.5 7.51
(33”ø) 12:15 pm 8.50

5/31 3:00 am 5.68
12:30 pm 7.36

Westwood No. 6 5/23 11:30 am 10.0 .70
(30”E 2:15 pm 1.06

5/3]. 11:15 am 1.142
3:115 pm 1.34

Stoughton No. 7 5/23 5:50 am 6.6 NO
(20”ø) 2:50 pm FLOW

5/31 5: 15 am RECORDS
3:50 pm AVAILABLE

1. ci’s = cubic feet per second.

TABLE A—3 . TYPICAL COMPOSITION OF DOMESTIC SEWAGE

Coricentrat1on~ mg/LConstituent Strong Medium Weak

SS 350 200 100

S BOD5 300 200 100

S pH 6.0 7.2 8.0 •

S Chlorides 100 50 30

A— 8
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early morning flow when testing for the above two consti-
tuents , It was assumed that the minimum flows were almost
entirely Infiltration.

S As shown on Figure A— 4, for the early morning test
results of the May 23rd samples, all the BOD5 and SS
concentrations fell below the category of weak sewage
Indicating that, for all practical purposes, the early
morning flows were Infiltration.

Figure A—5 shows that the early morning test
results for the May 31st samples again indicate all the
BOD5 and SS solids concentrations fell below that of
weak sewage with the exception of Location 3 which reached
a BOD of 100 mg/L, we believe, due to one of the Bedford S

pumping stations being activated. Here, again, we felt it
was safe to assume that, except for the pump station peak,
the early morning flows were infiltration.

S One very interesting development took place during 
S

the midday sampling on May 31st at Meter Location No. 6
(Westwood). As shown on Figure A—5, the BOD jumped to
960 mg/L and the SS jumped to 1,320 mg/L. This, we 

S

suspect, was due to an Industrial discharge upstream of
the metering point. Also, extremely intense vapors were
being emitted from this location at various times during S

S the afternoon.

Dry Season. The dry season (fall) infiltration
measurements began on October 2 with the installation of
meters on the trunk sewers in Greenwood Street; the Boston
and Main Railroad right—of—way at the Melrose—Wakefield
town line; and on the Winn Street trunk sewer in Burlington.
Additional meters were subsequently installed en trunk
sewers leaving Westwood, Stoughton, and Randolph. The dry
season flows were obtained using battery operated “probe—
type” meters recording the flow depth on seven—day charts.
A total of five meters each operated for a minimum of two
weeks, were used to cover the six locations mentioned
above. With the exception of Randolph, which was not
metered during the wet season, the meters were located
in the same manholes used to obtain the wet season flows.
Thus, comparisons can be made between wet and dry season
infiltration rates for the same tributary area.

Method Used to Compute Flows

Essentially , all the depth—of—flow measurements
were made using either a “bubble pipe”, “diaphragm”, or
“probe” type meter which senses the depth of flow. This

A— 10
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depth was continuously recorded on a chart which was
rotated by a spring—activated time clock. The early S
morning flows were our prime concern since most, if not
all, of this flow was considered to be infiltration.

This depth of flow was converted to a rate of flow
using Manning ’s Equation with a friction factor of n = .015
fQr old and middle age sewers and n = .013 for new sewers.
Infiltration Rate Basis

Peak Infiltration. The infiltration rate can be
evaluated based on the cumulative lengths and average size
of sewer pipe tributary to the measurement . For instance,
the figure of 500 gallons per mile per inch diameter has
been used as allowable Infiltration in average ground
conditions. This, however , is not acceptable unless a
complete accounting of all lengths and sizes of sewers
is available for all EMMA sewer locations.

An alternative to the above method is to base the
infiltration rate on the tributary area (in acres) served
by the sewerage system as shown on Figure A—i.

The early morning flows metered in this study were S

divided by their respective tributary areas and each point
was plotted on an infiltration rate chart. The results
of each collection system were evaluated by comparing
the plotted point with typical curves .

Average Infiltration. The average infiltration
S allowances were based on an allowance added to the per

capita sewage flow allowances.

Peak Infiltration Measurements Evaluation

The wet season measurements were evaluated and
compared to the design curves normally used as described

S in the following subsection for each measurement point .

Wakefield (Old System). The percent of new,
S middle age and old sewers In the community are respectively

33, 17 and 50. To obtain the total flow from this commu-
nity, It was necessary to meter at two locations on the
Meirose—Wakefield town line in the Melrose Highland area.

Location No. 1 Is a 12—inch diameter vitrified—clay
sewer which was completed around 1897 In Greenwood Street,
Meirose. This sewer collects sewage from approximately
75 acres in a residential area where single—family homes

A— 13
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predominate in the southwest sector of Wakefield. This
location was metered to provide 21 days of flow information
as shown in Table A—4. S

TABLE A— 4. WET SEASON INFILTRATION RATES
MEASURED AT WAKEFIELD METER NO. 1

Infiltration 
S

Date Rainfall, in. Flow, ci’s rate, gad Comments 
S

L4/26 .84
14/27 .80 .23 1,980
14/28 .11 .38 3,270 High
14/29 .01 .29 2,500
4/30 a .31 - 2,670
5/]. Trace .27 2,330
5/2 .01 .29 2,500
5/3 .08 .27 2,330 - S

5/14 .05 .26 2,2140
5/5 5 .01 .26 2,240
5/6 .01 .26 2,2110
5/7 0 .21 1,810
5/8 Trace .23 1,980
5/9 .93 .30 2,590
5/10 Trace .27 2,330
5/11 .39 .23 1,980
5/12 .01 .3C 2,590
5/13 Trace .32 2 ,56 0
5/114 0 .23 1,980
5/15 .19 .29 2,500
5/16 .39
5/17 0
5/18 .32 ~-4 P

5/20 .23
5/21 .93 r—4
5/22 .03
5/23 0 .29 2,500
5/211 0
5/25 Trace
5/26 0
5/27 0 -s-’
5/28 .26
5/29 .28
5/30 0
5/3]. .30 .19 1,64 0 Low

A— 114
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The minimum flows at this location occurred between
the hours of 2:00 a.m. and 14:00 a.m. and the infIltration
ranged between 1,6140 and 3,270 gad with an average peak
of 2,320 gad as shown on Figure A—6.

The average peak value of 2,320 gad was 320 gad
greater than the 2,000 gad infiltration rate used in the
design of new sewers and the maximum value measured,
3,270 gad, is below the allowance of 14,350 gad for old
sewers. The actual early morning flows ranged from 0.19
to 0.38 cfs. The low flow occurred during a dry spell
and the high flow after two days of relatively heavy rain.

Location No. 2 is a 30—inch diameter “portland
brick” sewer completed around 1901 in the Boston and Maine S

- Railroad right—of—way in Meirose. This trunk sewer serves
approximately 2,050 acres in Wakefield which comprises the S

remainder of the town with the exception of a small area
in the northwestern corner that discharges Into the MDC ’s
Reading Pump Station. Eleven days of flow information,
as shown in Table A—5 , w~s compiled at this location whichconsists of approximately 60 percent residential, 6 percent S

commercial, and 7 percent industrial land use. The early
- 
morning flows were believed to be infiltration.

The minimum flows at this location occurred between
the hours of 3:00 a.m. and 7:00 a.m. and the infiltration
ranged between 1,950 and 3,020 gad with an average peak
value of 2,370 gad as shown on Figure A—?. These values
indicate a high infiltration rate typical of old systems.

• A further explanation for this high value is that a sub-.
stantial length of this sewer runs through a swamp area.

The actual early morning flows ranged from 6.19 to
9.59 cfs with the lower flows following a dry period and
the higher flows following a period of rain.

Lexington (New System ). To obtain the total flow
from Lexington, it was necessary to meter at two locations
called Location No. 14 and 5. To complicate the situation,
two pumping stations located in Bedford (New System)
discharge Into the Lexington collection system.

Location No. 14 on the Lexington Branch sewer is a
33—inch diameter reinforced—concrete pipe constructed
around 19148. The pipe is located in the Boston and Maine
Railroad right—of—way at the Arlington—Lexington town line,
and picks up the majority of the flow from Lexington plus
the flow from Bedford ’s two pumping stations.

A—15
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TABLE A—5 . WET S1ASON INFILTRATION RATES
MEASURED AT WAKEFIELD METER NO. 2

Infiltration
Date Rainfall, in. Flow, ci’s rate, gad Comments

5/2 .01
5/3 .08
5/14 .05 7.3 2,300
5/5 .01 7.3 2,300
5/6 .01
5/7 0
5/8 Trace 7.99 2,520
5/9 .93
5/10 Trace 7.12 2,2~435/11 .39
5/12 .01 6.19 1,950 Low
5/13 Trace 7. 148 2,360
5/14 0 7.148 2,360
5/15 .19
5/16 .39 7.48 ~ 2 ,360
5/17 0 7.74 o 2,14140
5/18 .32 :~;5/19 0
5/20 .23 4-~

/ o_,
5,21 .93
5/22 .03
5/23 0 9.59 3,020 High
5/211 0
5/25 Trace
5/26 0 -~~

I ~ ~) C.)5,2, 0 p
5/28 .26
5/29 .28 H :~
5/30 0
5/31 .30 7.12 2,240

Location No. 5 is a 20—inch diameter vitrified—clay
sewer which was constructed around 1933 and located Just
below the Arlington—Lexington town line in the Boston and S
Maine Railroad right—of—way . S

Flow information from these two locations was
limited because large quantities of solids and debris
continuously fouled the meters causing malfunctions.

A— 17
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The total  t r ibu ta ry  area inc luding Bedford is
approximately 5,800 acres. Of this, 714 percent is
Lexington , 21 percent Bedford and another 5 percent
lianscom Air Field In Bedford.

Reliab le flows were obtained only durIng May 2, 3
and 14 in 1973. As shown in Table A— 6, the infiltration
rates average about 806 gad which Is shown on Figure A— 8
supports the use of the new sewer curve for Lexington
considering that the above infiltration rates combine
Lexington and Bedford which also has a new system. It
must be noted , however, that when our field party visited
Bedford ’s Great Road Pumping Station, they noted that
during periods of heavy rain, an overflow pipe discharges 

S

a portion of the flow directly Into the Shawsheen River.

From the depth of flow charts, It can be seen that
f or approximately eight days, there appears to be an osci—
lat ion of the early morning flows between 2:00 a.m. and
7:00 a.m. on Meter No. 14. This oscilation occurs at equal
intervals indicating that either the Hanscom Air Force
Base or the Great Road pumping stations were coming on
line during this period .

TABLE A— 6. WET SEASON INFILTRATION RATES
- MEASURED AT LEXINGTON METERS NO. 14 AND 5

S Inf iltrat ion
Date Rainfall, in. Flow, cfs rate, gad Comments

5/2 .02 2.83 757 Low

5/3 .114 3.12 833 High

5/14 Trace 3.10 827

5 / 3  — 3.12 1,100 Lexington
only

On the Meter No. 11 chart dated May 2, 1973, we
computed the flow at the low points of the oscilations

* and cons idered this flow , combined with the flow from
Meter No. 5, to be Infiltration coming only from Lexington.
This rate amounted to 1,100 gad which falls about midway
between the old and new sewer curves. This is reasonable
for the system composed of new , middle age and old sewers,
respectively , as 5)4 , 21 and 25 percent and bears out the
justification for a middle age sewer curve.

A— 19
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Westwood (New System ). This community discharges
the total flow through the Westwood Extension Sewer which

- at the metering point was a 30—inch diameter reinforced—
concrete pipe constructed around 1960. Meter No. 6 located
approximately 1,100 feet from the Westwood—Norwood line
recorded 13 days of useful flow information. The sewered
area from Westwood was found to be approximately 600 acres,
of which 57 percent of the developed area is zoned resi—

• dential, nine commercial, and nine industrial. Thus,
Westwood was considered as a predominately residential
c ommunity.

‘ihe minimum flows occurred between the hours of
2:00 a.m. and 7:00 a.m. and the minImum peak infiltration
rate ranged between 576 and 960 gad averaging to 725 gad
as shown on Figure A—9 . Here again, the low number

S relates to flow during no rain and the high to rainy
weather flow as shown in Table A—7 . The sewage system
age is entirely new, supporting the new sewer curve.

Stoughton (Middle—Age System ). This community
discharges its total sewage flow through the Stoughton
Extension Sewer which at the metering point is a 20—inch

S 

diameter Akron pipe constructed around 1932. Meter No. 7
located approximately 250 feet downstream of the Canton—
Stoughton town line, recorded 15 days of flow information.
The tributary area from Stoughton is approximately 1,000
acres. Of this, approximately 55 percent is residential.
Thus, we considered Stoughton predominantly a residential
community.

The age of the sewer system is 35, 140 and 25
percent new, middle age and old, respectively .

The minimum flows shown in Table A—8 occurred
between the hours of 1:00 a.m. and 6:30 a.m. The peak
infiltration rate ranges from 7140 to 1,820 gad with the
average of the values at 1,175 gad as shown on Figure A—b .
The average infiltration rate was approximately 200 gad
above the new sewer curve indicating that for middle age
sewers, an additional curve between curves “A” and “B”
should be established.

Burlington (New System ). This community has an
entirely new sewer system which connects Into the Woburn
collection system which in turn discharges Into the Metro-
politan Sewerage District at the Woburn—Winchester town
line. The Burlington collection system discharges its
sewage through one 2)4—inch diameter reinforced—concrete
pipe at the Burlington—Woburn town line. Upstream of the

A— 21
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TABLE A—7. WET SEASON INFILTRATION RATES
MEASURED AT WESTWOOD METER NO. 6

Infiltration
Date Rainfall, in. Flow, cfs rate, gad Comments

4/27 .88
14/28 • 549
11/29 .07 .9 960 High
4/30 Trace .9 960
5/1 0 .511 576 Low
5/2 Trace .8 853
5/3 0 .62 66].
5/4 .08 .5)4 576
5/5 0 .62 661
5/6 0 .62 669
5/7 0
5/8 0 .511 576
5/9 .07 .5)4 576
5/10 .147 .8 853
5/11 .09
5/12 .79 .68 725
5/13 Trace

• 5/114 0
5/15 0 5

~‘16 140
S5.5~ F . j  

~4 4)
5/17 Trace a>

C) 4.)5/b .05 a>
5/19 .11 E c-~
5/20 0
5/21 1.09
5/22 .03
5/23 0 .68 725
5/214 0
5/25 0
5/26 Trace
5/27 Trace
5/28 0
5/29 .27
5/30 0
5/31 .27

town line, the interceptor splits into two 24—inch diameter
conduits known as the Horn Pond and the v~ nn Street Trunk
sewers. Meter No. 3 was installed on the Winn Street
Trunk Sewer which runs northeasterly from ~he point of• discharge at the town line and collects flow from approxi-
mately 9140 acres or about one fourth of the sewered area .
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TABLE A—B. WET SEASON INFILTRATION RATES
S 

MEASURED AT STOUGHTON METER NO. 7

Infiltration
Date Rainfall, in. Flow, cfs rate, gad Comments

14/27 .82
4/28 .66
4/29 0 2.140 1,430
11/30 0 2.140 1,430
5/1 0 1.60 950
5/2 0 1.60 950
5/3 Trace 1.60 950
5/14 .08 1.60 950
5/5 2.18 1,300
5/6 Trace 2.40 1,1430
5/7 0 1.98 1,180
5/8 0 1.60 950
5/9 .87 1.25 7110 Low
5/10 .02 1.98 1,180
5/11 .99 1.78 1,060
5/12 .02 3.06 1,820 High
5/13 0 2.18 1,300

The Winn Street Trunk Sewer at the meter location
is a 24—Inch diameter reinforced—concrete pipe constructed
in about 1967. The tributary band use is a mixture of S
residential and commercial with the residential area being
the larger.

Thirteen days of flow data was collected during
metering as shown In Table A—9 . The minimum flow occurred
between the hours of 2:00 a.m . and 7:00 a.m. The peak
infiltration rate ranges from 131 to 379 gad with an
average rate of 252 as shown on Figure A—li. This average
infiltration rate fell well below the curve for new sewers.

Additional Communities Analyzed for Peak Infiltration

Nine additional communities shown in Table A—lO
were evaluated for infiltration on the basis of data from
past engineering studies. This information Is plotted on
Figure A—12 for comparison.

Average Infiltration Measurements Evaluation

General. Early morning flow measurements were not
recorded every month of the year, thus the full duration

A— 24 S
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of the wet season was not observed in any one community.
However, from evaluation of flow data from Deer and Nut
Islant treatment plants for 1970 , 1971, 1972 , and 1973, It
shows that the duration of the wet season Is approximately S

four months. The average flow was computed on this basis S

from the wet and dry season field measurements .

TABLE A— 9. WET SEASON INFILTRATION RATES
MEASURED AT BURLINGTON METER NO. 3

InfIltration
Date Rainfall, In. Flow, cfs rate, gad Comments

5/8 Trace
5/9 .93
5/10 Trace .19 131
5/11 .39 ~~~S143 297
5/12 .01 .29 200
5/13 Trace .35 2111
5/114 0 .35 2 41
5/15 .19 .19 131 Low
5/16 .39 Met er Error
5/17 0 .40 275
5/18 .32 .29 200
5/19 0 .148 331
5/20 .23
5/21 .93
5/22 .03
5/23 0 • 143 297
5/2 14 S 0
5/25 Trace
5/26 0
5/27 0
5/28 .26
5/29 .28
5/30 0
5/31 .30 .55 379 High
6/].
6/2 .43 297

Average flow is usually expressed in gcd. This
value is obtained by dividing the yearly average flow by
the population served.

The average infiltration allowance is, therefore,
estimated on the basis of population and is used as a
component in developing wastewater treatment plant flows.

A— 26
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TABLE A— lO .  OTHER COMMUNITY PEAK INFILTRATION DATA

Peak S

Year Tribu— infil—
flows tary tration

Name of System age in % were area in rate,
community New MA Old observed acres gad

Marlborough 10 10 80 1969 1,250 2,000

Concord 5 10 85 1971 670 1,490

Braintree 58 15 26 1972 1,900 1,120

Danvers 33 33 34 1967 3,500 1,100

Peabody 0 0 100 1967 2,800 1,700

Beverly 30 20 60 1967 890 2,900

Salem 0 0 100 1967 1,150 3,700

Quincy 5 9 86 1973 7,400 2,160
(1)

Walpole 111$ 14 52 1965 760 1,050
(2)

1. Flow data from MDC pumping station records.
2. Extremely dry year. S

Average Infiltration Quantities. Wet and dry weather
early morning flows were metered for four communities within
the study area. The average infiltration quantities and
the respective per capita values are presented in Table A—il.

Wakefield (Old System ). The dry season measure-
ments for meter locations No. 1 and No. 2 were completed in
October 1973. The minimum early morning wet and dry season
flows for Wakefield were combined to obtain a weighted
yearly average. Dividing this flow by the contributing
population, an average infiltration rate of 91 gcd was
obtained.

S 

Westwood (New System ). The dry season measurements
were also completed in October of 1973. The minimum early
morning wet and dry season flows for Weatwood were combined
to obtain a weighted yearly average infiltration flow of
0.32 mgd or 711 gcd.

A— 2 8
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TABLE A—il. AVERAGE INFILTRATION MEASURED QUANTITIES

Wet Dry 
S

season season Yearly Infi].—
mini— mini— average tra—

Community mum mum minimum Popu— tion Class
and meter flow , flow, flow, lation rate, of
No. mgd mgd mgd served gcd system

Wakefield 1 0.1711 0.080 0.104

Wakefield 2 11.863 0.962 1.936 
______  —

Total 2.0110 22,350 91 Old

Westwood 6 0.1139 0.280 0.319 14,330 74 New

StlDughton 7 1.276 0.995 1.065 5,640 189 Middle
age

Burlington 3 0.236 0.278 0.267 3,1100 79 New

Sto~ghton (Middle—Age System). Measurements for
Stoughton provided a high estimated infiltration rate of
189 god. This high value is surprising and can be attri-
buted to measurement errors, night time industrial wastes
or cooling water. Inspecting the BOD5 and SS measurements
taken eliminates the probability of industrial process
wastes.

Burlington (New System). Measurements for Burlington
show an average low flow rate of 79 god. This appears high
In comparison to the low peak infiltration rates measured.

Additional Communities Analyzed for Average Infiltration
Quantities

Average infiltration quantities, based on field
measurements, were extracted from recent reports and the
collection systems classified as either old, middle aged,
or new. A summary of the values are shown in Table A—12.

As can be seen from the data presented in Table A—12,
there is a range of average infiltration values from 24 to
914 gcd in going from new to old collection systems.
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TABLE A— 12. OTHER COMMUNITY AVERAGE INFILTRATION DATA

Average
infil— Popula— Age

Name of System age, % tratlon, tion classifi—
community New MA Old mgd served god tion S

Wellesley 20 27 53 1.78 22,700 78 Old
Lynn 0 0 100 8.]. 89,380 90 Old
Peabody 0 0 100 2.0 214,000 83 Old S

Saugus 33 33 314 0.8 114,000 57 M.A. S

Beverly 20 20 60 2.0 33,770 59 Old
Marblehead 10 10 So 1.3 20,230 614 Old
Salem 3 0 100 2.2 38,920 55 Old S

Ipswich 100 0 0 0.1 11,190 214 New S

Danvers 33 33 33 0.7 18,300 38 M.A.
Concord 5 10 85 0.56 6,000 94 Old

Selected Infiltration Rates

On the basis of measurements data and past experi-
ence, the selected peak design areas along with a summary
of measured infiltration rates are shown on Figure A—13.

Average infiltration rates for new, middle age,
and old sewers were selected as 30, 60 and 90 gcd.

S.
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S APPENDIX 13

S S 
- SALT WATER INTRUSION ANALYSIS

General

Salt water intrusion into the collection systems
S contributing to the Deer Island Treatment Plant Is a major

problem which has been recognized as such for many years.
It Is believed that inoperative or broken tide gates are

S the source of most of the salt water intrusion.

Previous Studies

In our report with Greeley & Hansen to the Special S

Commission estab lished by the Legislation in 1938 upon
“Sewerage and Sewage Disposal in Metropolitan Boston,”
dated March 1939, sampling and analyses of sewage at the
three main sewer outlets of Metropolitan Boston were made
by the State Department of Public Health. These were the
Boston Main Drainage and the North and South Metropolitan
District outfalls. The chloride content at each location S

is shown in Table B—l with the computed quantities of salt
water:

TABLE B—i. SALT WATER INTRUSION IN 1935—1936

Average Estimated
Average chlo— salt
flow, rides water,

Sewage system mgd ppm(1~ mgd

Boston Main Drainage 75.3 14,080 20

North Metropolitan District 82.9 3,280 17

South Metropolitan District 86.5 198 Negligible

1. ppm = parts per million .

From the above table , we can see that on the average
a total estimated 37 mgd or approximately 27 percent of
the 1935 flow from the Boston Main Drainage System was
salt water and approximately 21 percent of the 1935 flow
from the North Metropolitan District was salt water. The
salt water entering the South Metropolitan District was
negligible.

B—i
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The “Water Quality Management Study , Boston Harbor,
Projections o: Population and Municipal Waste Loadings,”
September 1970, prepared by the Boston Harbor Water Quality
Management Coordinating Group, also addresses the salt
water intrusion problem. This study concluded that the
average chloride content In sewage flow to the Deer Island
Treatment Plant In 1969 was 3,690 ppm . The 1969 average
measured flow, including salt water, to Deer Island was
279 mgd . From samples taken in 1967 of the Boston Harbor
waters in the vicinity of the shore line, the average
chloride content was found to be approximately 15,1100 ppm .
From this information, It was deduced that 24 percent of
the me~.sured flow to Deer Island was ocean water. This
Is an average daily salt water Inf low of approximately
67 mgd.

Tide Gate Rehabilitation Program 
S

A program of inspection and rehabilitation of all
the tide gates connecting to the collection system tribu-
tary to the Deer Island Treatment Plant began June 10,
1970.

This rehabilitation program Is in progress at this
time.

Present Conditions

For the calendar year 1972, the average chloride
S 

content of the flow to the Deer Island Treatment Plant S
was 2,238 ppm as shown in Table B—2. The average measured
f low, including salt water, was 3148 mgd. Taking the
chloride content of Boston Harbor at 15,000 ppm shows
that 114 percent of the measured flow to the Deer Island
Treatment Plant was ocean water. This is an average flow
of approximately 49 mgd which Is a 27 percent reduction
from the 1969 salt water flow estimate.

S Reviewing the average monthly quantities in Table
B—2 shows that the highest average monthly flow of 14311 mgd
and the lowest chloride levels of 1,350 ppm occurred In
March. ThIs combination gives us an average salt water
flow of 36.6 mgd which is one of the lowest monthly aver-
age during the year.

Conversely, the lowest average monthly flow of
3014 mgd and one of the highest monthly chloride levels of 

S3,200 ppm occurred in October. This combination gives us
an average monthly salt water flow of 63.6 mgd which Is S

one of the highest monthly averages for the year.

B—2
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TABLE B—2. 1972 AVERAGE MONTHLY QUANTITIES OF
- SALT WATER INFLOW AT TILE DEER ISLAND

S S 
• TREATMENT PlIANT

S Total Chloride Salt water inflow
Month flow, mgd content , mg/L mgd

January 306 2,100 40.6 13.2
February 318 2,300 47.3 114.8
March 11314 (High) 1,350 36.6 (Low) 8.14 (Low)
April 350 1,700 37.3 10.6
May 378 1,600 36.1 9.6

426 1,500 140.3 9.5
July 322 

S . -  - 

2,100 117.0 111.6
August 310 2,800 57.7 18.6
September 323 3,100 65.0 20.0
October 3011 (Low) 3,200 (High) 63.6 (High) 21.1 (HIgh )
November 372 2,700 63.4 17.1
December 392 2,1400 51.0 13.0

Average
f Or.  year 353 2,238 149.0 13.8

This Is because the collection system flow itself
S regulates the quantity of salt water inflow. That is,

when the collection system capacity is being used by a
S combination of sewage and stormwater as during wet periods,

relatively small amounts of seawater enter the system.
On the other hand, when there is no rainfall, seawater
occupies the unused space. Given the right combination
of low flows, high tides, etc., seawater inflow can get
as -high as 104 mgd (31 percent) as it did on August 7,
1972.

For a 10—month period (January—October) for 1973,
salt water inf low at the Deer Island Treatment Plant is
shown in Table B—3 .

The highest daily value occurred on October 29
when the salt water iri f low was 132 mgd or 38 percent of
the total.

S Tide Gate E1evatiori~ Relative to Tidal Range

Inspecting sewer maps of a sample of 142 tide gates
In Boston showed that of the total 42 tide gates checked,
10 had controlling invert elevations below mean low water

S 
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and the remaining 32 tide gates had controlling invert
elevations within the mean tidal range of Boston Harbor. S

Controlling invert elevations were selected as those where
S salt water will flow into the collection system and be

transmitted to the MDC interceptors.

TABLE B—3 . AVERAGE MONTHLY QUANTITIES OF SALT
WATER INFLOW AT THE DEER ISLAND

S TREATMENT PLANT

Total Chloride Salt water inflow
Month flow, mgd content , mg/L mgd

January 363 2,400 56 15.14
February 3147 2,800 63 18.2
MarOh 310 3,320 67 21.6
April - 385 3,100 76 19.7
May 359 3,100 72 20.0
June 336 3,300 72 21.4
July 353 2,700 62 17.6
August 325 2,760 58 17.8
September 290 3,350 63 21.7
Cctober 279 4,288 78 28.0

The fact that all the tide gates checked have 
S

control invert elevations below or in the mean tidal
range makes it clear that it is essential that the tide
gates operate properly to stop the seawater from finding
its way to the Deer Island Treatment Plant. If these
gates remain open, the only limit on the quantity of salt S

F 
water entering the system will be the salt water differen— .
tial head on the system and the conduit size conducting
the flow. S

Salt Water Infiltration

Although damaged or inoperatIve tide gates are
believed to be the main source of salt water Intrusion,
we suspect that seawater also enters the collection
system by infIltrating the older sewers that are found
bordering the coastlIne. To evaluate this Impact, we
metered and sampled at three locations in the Revere
collection system along Revere Beach as shown on Figure
B—i. Sewer lines leaving areas No. 2 and 3 whIch collected
flows from the beach front area had relatively high chlo-
ride levels while the flow in the sewer lines from area
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S Mo. 1 had a chloride content below that of normal sewage.
S Approximately 11 percent and 6 percent of the flow in

S sewers coming from areas No. 2 and 3, respectively, was
salt water.

To relate the salt water infiltration on a per
acre basis, the areas tributary to Meters No. 2 and 3
were computed. Thus, for area No. 3, a salt water flow
of 143,000 gpd originating from a tributary area of 1711
acres results in an infiltration rate of’ 2117 gad.
Considering only the salt water flow added to the system
between Meters No. 3 and 2 which was 66,000 gpd and only

S the related tributary area of 70 acres, an infiltration
rate of 993 gad results. These values were obtained from
data taken at about 8 a.m. on September 6, 1973 approxi-
mately one hour after high tide occurred. The crown for
both sewers was located below mean tide elevation and the
Invert of the Manhole No. 2 was below mean low water..
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