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I. INTRODUCTION

Although urban stormwater runoff has been tradi-
tionally regarded as nonpolluting to receiving waters,
recent studies(l,2,3) have shown that such flows may
contribute a major portion of the pollution load to
streams. Runoff has severe impacts on dissolved oxygen
and may contribute considerably more pollution than a
city's sanitary sewage during periods of moderate to
heavy rain. Among the pollutants found in urban runoff
are vehicle-wear particulates (like asbestos from brake
linings), residues from engine emissions, drippings and
assorted chemicals, including large amounts of heavy
metals and pesticides. About 75% of the total weight
of these materials are polychlorinated biphenyls (PCB's)
a class of persistent chemicals similar in effects to
DDT. 1In one city's runoff, Durham, N.C., it was deter-
mined that the runoff contributed 95% of the suspended
solids, about 30% of the nutrients and about 80% of the
heavy metals, to the receiving stream.

In addition to containing debris, clay, silt and
organic matter from streets and gutters, stormwater con-
tains soluble gases from industrial activities, particu-
late matter from industrial stacks, dust, and radioactive
particles. Little is known about the long or short term
toxic effects of urban runoff pollutants. It is apparent
that receiving waters cannot be adequately protected un-
less either the runoff is controlled or treated. Because
fine particulate matter remaining after street cleaning
can contribute substantially to stream pollution, improved
street cleaning methods and/or equipment should be con-
sidered.

The development of economical methods for the con-
trol and abatement of wet weather pollution ranks among
the most challenging problems in the field of water pol-
lution control today, particularly since water quality
standards for receiving streams are becoming more strin-
gent.
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Purpose and Scope

\\h%he purpose of the urban stormwater management study
reported herein is to prescribe cost-effective treatment
measures for the river basins and drainage areas in the
Eastern Massachusetts Metropolitan Area. The study con-
siders treatment alternates of urban stormwater runoff
and offers cost-effective methods for each town within
the river basin or drainage area for treating its runoff.
Wherever possible, the proposed methods of urban storm-
water management are placed in perspective with respect
to existing storm drainage facilities, future urban growth,
and the receiving water body.E

A basis of design for treatment facilities is pro-
vided. Facilities are designed to handle flows from
urban areas in the year 2000. All treatment costs are
projected to an Engineering News Record Cost Index of
2200.
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II. STUDY AREA

Description

The river basins and drainage areas receiving con-
sideration for urban stormwater management are shown in
Figure 1. The overall area of all the basins and drain-
age areas generally includes the 109 cities and towns
in the Boston Harbor-Eastern Massachusetts Metropolitan
Area plus portions of 17 additional communities which
border the area and drain into the watersheds encompassed
by the study. A list of the study area communities is
given in Table 1. The fringe towns included in the study
are listed in Table 2. Table 3 lists the drainage areas
with their respective communities and data regarding the
community's total area and the portion of the area in
the drainage area. Some communities, whose areas are
given in Table 3, are not included in the study because
they have combined sewers and are being studied under a
separate effort.

The study area comprises about 1,600 square miles
and had a 1970 population exceeding 3,100,000. While
it encompasses only 20% of the total area of the State,
it is inhabited by over half the entire popularion of
the State. As a whole, the area may be considered to
be urbanized although individually, the communities vary
from extremely rural to suburban to highly urbanized.

There are 9 principal waterways within the study
area including the Charles River, the Sudbury River, the
Assabet River, the Concord River, the Ipswich River, the
Mystic River, the Neponset River, the Shawsheen River, and
the South Coastal Streams. Further hydrologic division
reveals that there are 24 additional watersheds either
wholly or partly within the area. The areal extent of
these watersheds ranges from 2 to over 300 square miles,
the largest being the Charles River Watersned.

Climatology

Egstegn Massachusetts is a humid area with annual
precipitation averaging greater than 43 inches, and has
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Acton
Arlington
Ashland

Avon
Bedford
Bellingham

Belmont
Berlin
Beverly

Billerica
Bolton
Boston

Boxborough
Boxford
Braintree

Brookline
Burlington
Cambridge

Canton
Carlisle
Chelmsford

Chelsea
Cohasset
Concord

Danvers
Dedham
Dover

TABLE 1

STUDY AREA COMMUNITIES

Duxbury
Essex
Everett

Framingham
Franklin
Gloucester

Hamilton
Hanover
Hingham

Holbrook
Holliston
Hopkinton

Hudson
Hull
Ipswich

Lexington
Lincoln
Littleton

Lynn
Lynnfield
Malden

Manchester
Marblehead

Marlborough

Marshfield
Maynard
Medfield

Medford
Medway
Melrose

Middleton
Milford
Millis

Milton
Nahant
Natick

Needham
Newton
Norfolk

Northborough
North Reading
Norwell

Norwood
Peabody
Pembroke

Quincy
Randolph
Reading

Revere
Rockland
Rockport

Salem
Saugus
Scituate

Sharon
Sherborn
Somerville

Southborough
Stoneham
Stoughton

Stow
Sudbury
Swampscott

Tewksbury
Topsfield
Wakefield

Walpole
Waltham
Watertown

Wayland
Wellesley
Wenham

Westborough
Westford
Weston

Westwood
Weymouth
Wilmington

Winchester
Winthrop
Woburn

Wrentham
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TABLE 2

FRINGE TOWNS INCLUDED IN STUDY

Abington
Andover
Boylston
Brockton
Clinton
Foxborough
Grafton

Hanson

Whitman

Harvard
Hopedale
Lawrence
Lowell

Mendon

North Andover
Shrewsbury

Upton




TABLE 3

EASTERN MASSACHUSETTS

‘ WATERSHED AREA DATA

e dnd

BY COMMUNITIES

! Total Area in $ Area

] Town Area Basin in Basin

§ (sq. mi.) (sq. mi.)

]

1 ' ASSABET RIVER

1 Acton 20.31 20.31 100

¥ Berlin 13.18 13.18 100

' Bolton 19.99 15.43 77.2
Boxborough 10.40 7.75 74.5

q Boylston 19.77 6.48 32.8

y

; . Carlisle 15.44 4.43 28.7

. Clinton 7.21 0.72 10.0

2 Concord 25.77 8.81 34.2

o Grafton 23.32 1.42 6.1

1 Harvard 26.98 5.94 22.0

. Hudson 11.81 9.72 82.3

P ; Littleton 17.34 7.49 43.2 |
Marlborough 22.04 8.62 39.1
Maynard 5.35 5.35 100
Northborough 18.72 17.33 z2.6

~5
s Shrewsbury 21.83 8.34 38.2
Stow 17.94 17.87 99.6
Sudbury 24.50 2.08 8.5
Westborough 21.51 8.30 38.6
Westford 31.00 6.60 21.3
176.17
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Town

Beverly
Danvers
Lynn
Lynnfield
Peabody
Salem
Wenham

Bellingham
Franklin
Hopkinton
Milford
Westborough
Wrentham

Arlington
Ashland
Bellingham
Belmont
+Boston

TABLE 3 (Cont.)

Total
Area

Tsq. mi.)

Area in
Basin

% Area

in Basin

(sq. mi.)

BEVERLY HARBOR

15.36
13.84
11.21
10.49
16.81

8.81

8.21

8.62
10.14
0.07
0.26
11.90
3.14

_0.02_

34.15

BLACKSTONE RIVER*

18.86
27.00
27.92
14.99
21.51
22.68

10.92
2.51
5.50
2.04
0.26
6.85

28.08

CHARLES RIVER

5.58
12.96
18.86

4.66
45.40

0.35
0.56
7.94
1.87
25.97

L
e o o o o
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W
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1.2
30.2°
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*Communities outside of study area are not included
+Not included in Study




TABLE 3 (Cont.)

Total Area in % Area
Town Area Basin in Basin
(sq. mi.) (sq. mi.)

CHARLES RIVER (Cont.)

+Brookline 6.82 6.82 100

+Cambridge 7.14 4.44 62.2

Dedham 10.79 T7.22 66.9

Dover 15.31 13.11 85.6

+Foxborough 20.80 0.02 0.1

Franklin 27.00 24.49 90.7

Holliston 19.10 19.08 99.9

Hopedale 5.27 0.99 18.8

Hopkinton 27.92 2.85 10.2

Lexington 16.63 4.91 29.5

Lincoln 14.92 9.51 61.3

Medfield 14.52 11.35 78.2

Medway 11.66 11.66 100

Mendon 17.94 0.29 1.6

Milford 14.99 12.95 86.4

-& Millis 12.26 12.26 100
» Natick 15.99 8.35 52.2
‘ Needham 12.75 12.75 100
A Newton 18.33 18.33 100
3t Norfolk 15.35 15.32 99.8
Sherborn 17.12 13.99 81.7

Somerville 4.12 1.40 34.0

Walpole 21.09 2.07 9.8

Waltham 13.52 13.52 100

Watertown 4.17 3.60 86.3

+Not included in Study
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TABLE 3 (Cont.)

Total Area in $ Area
Town Area Basin in Basin
(sq. mi.) (sq. mi.)

CHARLES RIVER (Cont.)

Wayland 15.88 0.43 2.7

Wellesley 10.51 10.51 100

Weston 17.36 15.80 91.0

Westwood 11.24 3.86 34.3

Wrentham 22.68 9.82 43.3
308.03

CHELSEA RIVER

+Boston 45.40 0.68 1.5
+Chelsea 2.17 1.17 53.9
Everett 3.75 0.48 12.7
Revere 6.32 0.87 13.7
3.20
b CONCORD RIVER
Bedford 13.85 4.76 34.4
Billerica 25.96 15.16 58.4
Carlisle 15.44 11.01 71.3
Chelmsford 22.96 17.93 78.1
Concord 25:.77 8.07 31.3
Lincoln 14.92 0.51 3.4
Lowell 14.27 3.81 26.7
Tewksbury 20.91 1.57 7.5
Westford 31.00 3.53 11.4
66.35 !

+Not included in Study |

10
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Town

Beverly
Essex
Gloucester
Hamilton
Ipswich
+Manchester
Wenham

Gloucester
Rockport

Andover
Beverly
Billerica
Boxford
Burlington

TABLE 3 (Cont.)

+Not included in Study

Total Area in % Area
Area Basin in Basin
(sq. mi.) (sq. mi.)
ESSEX BAY
15. 36 0.15 1.0
14.38 13.19 91.7
26.45 4.97 18.8
14.99 2.50 16.7
33.35 3.20 9.6
7.72 1:15 14.9
8.21 0.53 6.5
25.69
GLOUCESTER HARBOR-ANNISQUAM RIVER
26.45 13.65 51.6
7.08 0.57 8.1
14.22
IPSWICH RIVER
31.99 5.12 16.0
15.36 3.50 22.8
25.96 0.60 2.3
24.39 14.85 60.9
11.88 3.63 30.6
11
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TABLE 3 (Cont.)

Total Area in % Area
Town Area Basin in Basin
(sq. mi.) (sq. mi.)

IPSWICH RIVER (Cont.)

Danvers 13.84 3.70 26.7
Hamilton 14.99 12.49 83.3
Ipswich 33.35 17.54 52.6
Lynnfield 10.49 2.84 27.1
Middleton 14.46 14.46 100
North Andover 27.83 16.84 60.5
North Reading 13.53 13.53 100
Peabody 16.81 4.61 27.4
Reading 9.85 4.95 50.2
Tewksbury 20.91 0.34 1.6
Topsfield 12.86 12.86 100
Wenham 8.21 7.46 90.9
Wilmington 17.12 14.84 86.7
+Woburn 13.11 0.10 0.8

LOCAL NO. 1 CAPE ANN

Gloucester 26.45 4.47 16.9
Rockport 7.08 6.51 91.9
10.98

+Not included in Study
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TABLE 3 (Cont.)

Total Area in
Town Area Basin
(sq. mi.) (sq. mi.)

LOCAL NO. 2 MANCHESTER HARBOR AREA

Beverly 15.36 3.09
+Essex *14.38 1.19
Gloucester 26.45 3.36
Manchester 7.72 6.57
Wenham 8.21 0.20

14.41

LOCAL NO. 3 MARBLEHEAD HARBOR-LYNN HARBOR AREA

Lynn 11.21 3.61

Marblehead 4.42 2.94

Nahant 1.C5 1.06

+Salem 8.18 0.23
Swampscott 3.10 2.67

10.51

LOCAL NO. 4 BOSTON HARBOR

+Boston 45.40 3.90
R2vere 6.32 1.18
Winthrop 1.63 1.63

6.71

+Not included in Study
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TABLE 3 (Cont.)

Total Area in $ Area
Town Area Basin in Basin
(sq. mi.) sq. mi.
LOCAL NO. 5 BOSTON LOCAL
+Boston 45.50 1.86 4.1
1.86
LOCAL NO. 6 QUINCY BAY
Milton 13.20 0.66 5.0
Quincy 16.64 4.94 29.7
5.60
LOCAL NO. 7 HINGHAM HARBOR-HULL BAY
Cohasset 10.06 2.64 26.2
Hingham 22.59 16.99 75.2
Hull 2.53 2.53 100
Norwell 21.33 1.19 5.6
Rockland 10.11 0.18 1.8
Weymouth 17.72 0.89 5.0
24.42
LOCAL NO. 8 COHASSET HARBOR-SCITUATE HARBOR
Cohasset 10.06 7.42 73.8
+Hingham 22.59 1.22 5.4
Norwell 21.33 2.50 Y1.7
Scituate 17.07 9.66 56.6
20.80

+Not included in study
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i TABLE 3 (Cont.)
; Total Area in % Area
Town Area Basin in Basin
) (sq. mi.) (sq. mi.)
{
5 LOCAL NO. 9 GREEN HARBOR-DUXBURY BAY
R Duxbury 24.51 15.71 64.1
‘ Marshfield 28.52 6.70 23.5
Y Pembroke 23.25 4.95 21.3
; 27.36
d MERRIMACK RIVER*
" Boxford 24.39 3.51 14.4
& Chelmsford 22.96 1.70 7.4
1 Tewksbury 20.91 4.91 23.5
g Westford 31.00 1.92 6.2
12.04
MYSTIC RIVER
S Arlington 5.58 5.23 93.7
Belmont 4.66 2.79 59.8
+Boston 45.40 0.59 1.3
Burlington 11.88 2.00 16.8
+Cambridge 7.14 2.70 37.8
é +Not included in Study
*Communities outside of study area not included
15
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TABLE 3 (Cont.)

Total Area in % Area
1 Town Area Basin in Basin
L (sq. mi.) (sq. mi.)
{
; MYSTIC RIVER (Cont.)
i +Chelsea 2.17 1.00 46.1
3 Everett 3.75 2.60 69.3
t Malden 5.13 2.80 54.6
ki Medford 8.76 8.76 100
Melrose 4.80 2.51 52.3
| Reading 9.85 2.40 24.4
’ Somerville 4.12 2.72 66.0
Stoneham 6.66 6.65 99.9
Wakefield 7.89 1.82 23.1
) Watertown 4.17 0.57 13.7
Wilmington 17.12 0.29 1.7
Winchester 6.28 6.28 100
Woburn 13.11 12.52 95.5
69.22

NEPONSET RIVER

+Boston 45.40 12.39 27.3 -
Canton 19.38 18.88 97.4
Dedham 10.79 3.57 33.1
Dover 15.31 2.20 14.4
Foxborough 20.80 4.37 21.0
g
i 16
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TABLE 3 (Cont.)

Total Area in % Area
Town Area Basin in Basin
' Tsq. mi.) Tsq. mi.)
{
3 NEPONSET RIVER (Cont.)
1 Medfield 14.52 3.17 21.8
Milton 13.20 11.34 85.9
{ Norwood 10.59 10.59 100
\ Quincy 16.64 2.50 15.0
1 Randolph 10.32 1.40 13.6
Sharon 24.31 16.09 66.2
Stoughton 16.39 7.90 48.2
Walpole 21.09 18.98 90.0
Westwood 11.24 7.38 65.7
120.76

NORTH RIVER

Abington 10.14 1.54 15.2
Duxbury 24.51 1.20 4.9
»; Hanover 15.63 15.63 100
. Hanson 15.82 6.55 41.4
: +Hingham 22.59 0.16 0.7
f; Marshfield 28.52 8.61 30.2
< Norwell 21.33 17.64 82.7
3 Pembroke 23.26 16.91 72.17
Rockland 10.11 8.68 85.8
Scituate 17.07 6.71 39.3
Weymouth 17.72 0.37 2.1
+Whitman 6.99 0.05 1.9

84.05

+Not included in study
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. TABLE 3 (Cont.)

; Total Area in % Area
L' Town Area Basin in Basin
4 (sq. mi.) (sq. mi.)

{

p PARKER RIVER®
A Boxford 24.39 6.03 24.7

1 Ipswich 33.35 1.30 3.9

7.33

ROWLEY RIVER*
Ipswich 33.35 11.31 " 33.9
11.31

SALEM HARBOR

Lynn 11.21 0.10 0.9

Marblehead 4.42 1.48 33.5

Salem 8.18 4.81 58.8

L Swampscott 3.10 0.43 13.9
' 6.82

SAUGUS RIVER

Everett 3.75 0.67 18.0
_ Lynn 11.21 7.43 66.3
! Lynnfield 10.49 7.39 70.4
; Malden 5.13 2.33 45.4

*Communities outside of study area not included
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TABLE 3 (Cont.)

Total Area in $ Area
Town Area Basin in Basin
i Tsq. mi.) Tsq. mi.)
‘
3 SAUGUS RIVER (Cont.)
] Melrose 4.80 2.29 47.7
+Peabody 16.81 0.30 1.8
) Reading 9.85 2.50 25.4
Y Revere 6.32 4.27 67.6
\ Saugus 11.58 11.58 100
x +Stoneham 6.66 0.01 0.1
Wakefield 7.89 6.07 76.9
44.84

SHAWSHEEN RIVER

+Andover 31.99 17.11 53.5
Bedford 13.85 9.09 65.6
Billerica 25.96 10.20 39.3
Burlington 11.88 6.25 52.6
Concord 25.77 1.34 5.2
s Lawrence 7.24 0.87 12.0
e Lexington 16.63 6.73 40.5
: Lincoln 14.92 1.77 11.9
i North Andover 27.83 1.73 6.2
; Tewksbury 20.91 14.09 67.4
Wilmington 17.12 1.99 11.6
; Woburn 13.11 0.49 3.7
71.66

+Not included in study
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TABLE 3 (Cont.)

< Total Area in % Area
i Town Area Basin in Basin
i (sq. mi.) (sq. mi.)
g
SOUTH RIVER
: Duxbury 24.41 7.60 31.0
. Marshfield 28.52 13.21 46.3
+Pembroke 23.26 0.10 0.4
Scituate 17.07 0.70 4.1
21.61

STONY BROOK*

Boxborough 10.40 2.65 25.5

Chelmsford 22.96 3.33 14.5

Harvard 26.98 4.21 15.6

Littleton 17.34 9.85 56.8

Westford 31.00 18.57 59.9
38.61

SUDBURY RIVER

i Ashland 12.96 12.40 95.7
- Concord 25.77 7.55 29.3
: Framingham 25.54 25.54 100
+Holliston 19.10 0.02 0.1
Hopkinton 27.92 19.57 70.1

*Communities outside of study areanot included
| +Not included in study
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TABLE 3 (Cont.)

B Total Area in % Area
Town Area Basin in Basin
H (sq. mi.) (sq. mi.)
{
i SUDBURY RIVER (Cont.)
3 Hudson 11.81 2.09 17.7
) Lincoln 14.92 3.49 23.4
< Marlborough 22.04 13.42 60.9
Natick 15.99 7.64 47.8
Northborough 18.72 1.39 7.4
Sherborn 17.12 3.13 18.3
Southborough 15.42 15.42 100
+Stow 17.94 0.07 0.4
Sudbury 24.50 22.42 91.5
+Upton 21.81 0.68 3.1
Wayland 15.88 15.45 97.3
Westborough 21.51 12.95 60.2
Weston 17.36 1.56 9.0
164.79

TAUNTON RIVER*

Avon 4.50 3.50 77.8
Holbrook 7.32 1.68 23.0
+Norfolk 15.35 0.03 0.2
Pembroke 23.26 1.30 5.6
Rockland 10.11 0.07 0.7
Sharon 24.31 8.22 33.8
Stoughton 16.39 7.59 46.3
+Walpole 21.09 0.04 0.2
+Weymouth 17.72 0.12 0.7
Wrentham 22.68 5.51 24.3
28.06

+Not included in study
*Communities outside of study area not included
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TABLE 3 (Cont.)

Total Area in % Area
Town Area Basin in Basin
sq. m o tsq. mi.,
WEYMOUTH BACK RIVER
Abington 10.14 0.15 1.5
Braintree 14.41 0.71 4.9
Hingham 22.59 4.22 18.7
Holbrook 7.32 0.90 12.3
Rockland 10.11 1.18 11.7
Weymouth 17.72 12.81 72.3
19.97
WEYMOUTH FORE RIVER
+Abington 10.14 0.14 1.4
Avon 4.50 1.00 22.2
Braintree 14.41 13.70 95.1
Brockton 21.48 0.32 19
Canton 19.38 0.50 2.6
Holbrook 7.32 4.74 64.7
Miltqn 13.20 1.20 9.1
Quincy 16.64 9.20 55.3
Randolph 10.32 8.92 86.4
Stoughton 16.39 0.90 5.5
Weymouth 17.72 3.53 19.9
44.15
+Not included in study
22




a variable climate that is characterized by frequent but
generally short periods of heavy precipitation. The area
lies in the path of the prevailing westerlies and is ex-
posed to cyclonic disturbances that cross the country
from the west or southwest. The area is also subject to
coastal storms that travel up the Atlantic seaboard in
the form of hurricanes of tropical origin as well as
storms of extratropical nature which are called "nor'-
easters.™ The latter are noted for unusually high snow-
falls that they cause in the New England area.

Precipitation is generally uniform throughout the
year with much occurring as snow during the winter.
Melting of the snow cover generally occurs in March and
early April although intermittent warming periods during
the winter months often cause much of the snow to melt.
Temperatures within the area range from summertime highs
in the 90's to subzero for short periods during winter.

Hydrologically, the study area is characterized by
unusually flat, swampy watersheds containing numerous
man-made storages. These conditions are inclined to at-
tenuate and delay the hydrologic response to intense
rainfall. Conversely, these retention characteristics
of the watersheds serve to augment streamflow during
periods of little rain. The most rapid concentration of
runoff during periods of intense rainfall occurs in the
highly urbanized portions of the study area which are
sewered. Urban development is virtually complete in
the core city of Boston with saturation radiating
outward into the surrounding towns and cities.
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The mean annual temperature in the area varies from
slightly above 50° Fahrenheit (F) along the coast to just
below 50°F in the higher elevations of the interior with
average monthly temperatures varying from about 72°F in
July to 26°F in January. Temperature data from the Na-
tional Weather Service stations at Boston and Framingham,
Massachsuetts were selected as representative of the coas-
tal and interior portions of the study area, repsectively.
A summary of these data is presented in Table 4.

The mean annual precipitation at Boston is 43 inches,
with recorded annual maximum and minimum values of 67.7
and 23.7 inches, respectively. At Framingham, the aver-
age annual precipitation is 43.8 inches, with extremes
of 60 and 29 inches, respectively.

Table 5 summarizes precipitation data recorded at
the two selected Weather Service stations in the study
area. Values of the mean monthly precipitation at these
stations indicate a rather uniform distribution through-
out the year. During the winter months, precipitation
over the study area is characterized by alternate peri-
ods of rain and snow. Average annual snowfall varies
from 43 inches at Boston to over 51 inches at Framingham.
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Stormwater Treatment

At the present time there is one facility in the
study area which treats combined sewage overflows, the
Cottage Farm Stormwater Treatment Station located on
the Cambridge side of the Charles River Basin near the
mouth of the river. The station is a demonstration pro-
ject funded in part by the EPA and has been operated by
the Metropolitan District Commission since May 1971.

Combined sewage, in excess of the dry weather flow
to be treated, overflows through the facility where it
receives screening and detention following hypochlorite
disinfection. All screenings are flushed to the inter-
ceptor which conducts flows to the MSD treatment facilities.
At the maximum design flow rate of 233 MGD, disinfection
contact time is 10 minutes, however, it is estimated that
the contact time will be in excess of 30 minutes for 80%
of the overflows.

In its first 2-year period of operation, the auto-
mated facility was activated 81 times which is consider-
ably above the design estimate of 22 anticipated events
per year. Performance data indicates that settleable
solids were reduced on an average of 85%; suspended sol-
ids, 40%; and total coliforms, 99%. BOD removals were
erratic and showed little or no improvement.
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STUDY AREA DRAINAGE

The study area is furnished with a variety of drain-
age systems, sanitary, storm, and combined. While it is
difficult and often undesirable to generalize, certain
facts regarding the drainage systems become apparent from
the standpoint of an overview. High density communities
within or near the core of the metropolitan area, are
generally served by combined sewage systems, an outgrowth
from early times when emphasis was placed on storm drain-
age and was followed by sanitary accretions to the storm
sewers well in advance of waste treatment practice and
planning. Many suburban communities in their early growth
stages utilized on-site treatment for disposal of sani-
tary wastes but most of these have now adopted separate
collection. Many rural communities still employ on-site
treatment measures and because of slow community growth
brought about by adverse industrial and economic condi-
tions, may continue to do so for some time in the future.

The following discussion essentially presents
qualitative information regarding drainage systems
throughout the study area. The information is pre-
sented by watershed, however, it actually represents
an overall concensus of the communities making up the
respective watersheds or river basins after a survey
of each town's drainage had been made.

28
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Assabet River Basin

Approximately 50 percent of the urban area in the
basin is provided with storm drainage while 15 percent
of the population is served by sanitary sewers. There
are no combined sewers within the basin. The predomi-
nant means of sanitary waste disposal is by individual
on-site septic tanks and leaching systems. Although
there are a few exceptions, flooding of urban areas by
stormwater does not appear to pose a serious problem.
The Town of Maynard reports that a storm having a dura-
tion of 12 hours and a total rainfall of 2-inches has
caused severe flooding. In 1955, Hudson experienced
serious flooding however improvements to the storm sewer-
age system have been made to prevent a repetition of this
problem. Westborough is now in the process of studying
storm sewer additions to alleviate flooding of the town's
commercial area.

Beverly Harbor Area

Approximately 99 percent of the Beverly Harbor drain-
age basin belongs to the South Essex Sewerage District
(SESD). The SESD communities are provided with separate
sanitary sewers and storm drainage systems, however, there
are no combined sewers. The city of Lynn comprises only

0.07 square miles of this watershed and has only combined
sewers.

The survey revealed no major flooding problems due
to storm water in the area.

Blackstone River Basin

Only a small number of the communities in the entire
basin are part of the study area. In these communities,
approximately 5% of the population is served by sanitary
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sewers and 50 percent of the urban area is provided with
storm drainage. There are no combined sewers. Wrentham
reported no stormwater flooding problems and Bellingham
corrected stormwater flooding problems which occurred in
certain areas. Hopkinton reports its flooding to be due
to backed-up or overloaded streams.

Charles River Basin

i The Charles River watershed is the largest drainage
basin in the study area making up about 20 percent of the
1 total study area. About 60 percent of the watershed is
served by sanitary sewers, 75 percent by storm sewers,
and 12 percent by combined sewers. Nearly all of the com-
bined sewers are located in Boston, Brookline, Cambridge,
and Somerville. The discharge from these combined sewers
contribute heavily to the gross pollution of the Charles
River Basin near the mouth of the river. The basin is
| an impoundment of the lower Charles River created by the
k& Charles River Dam. Approximately 50% of the watershed's
communities belong to the Metropolitan Sewerage District (MSD),
a legal jurisdiction administered by the Metropolitan Dis-
trict Commission (MDC).

The Charles River itself creates certain flooding
problems along its course through the watershed. Attempts
have been made to correct these problems through the in-
stallation of dams. Various communities experience flood-
ing problems of a localized nature, which may result from
inadequate storm drainage or lack of flow capacity in the

. small tributary streams and the river. Among the towns
p reporting flooding due to stormwater were: Bellingham,
Franklin, Hopkinton, Medfield, Medway, Mendon, Milford,
Millis, and Sherborn.
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Chelsea River Basin

This basin consists of 4 cities which are members
of the MDC. About 90 percent of the watershed area is
i served by sewers, 60% of which are combined. Unusually
i ] : high water levels in the river, probably accentuated by
1 incoming tides, cause flooding in the communities.

Concord River Basin

Approximately one-third of the drainage basin is
served by sanitary and storm sewers. The City of Lowell
is the only community having combined sewers in the
R basin. However, these serve only 6% of the drainage
i area. Only Tewksbury and Lowell report any serious
flooding problems.

L

Essex Bay Basin

About 5% of this drainage basin is served by sani-
tary sewers while 65% is provided with storm drainage.
The City of Essex reports some flooding to be caused by
salt water intrusion in storm drains.

wt !

Gloucester Harbor-Annisquam River Area

About 50% of the area is served by sanitary sewers
and 60% by storm drains. There are no combined sewers
in this drainage area. Both Rockport and Gloucester re-
port flooding problems accentuated by high tides.
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Ipswich River Basin

About 15% of the area in this drainage basin is
served by the MDC, while 17% belongs to the SESD.
Approximately 30% of the drainage area is served by
sanitary sewers while 60% is served by storm drainage.
There are no combined sewers within the basin.

Ipswich reported that its last serious flooding
problems occurred in 1967, however, it experiences some
flooding problems with stormwater when rainfall inten-
sities reach 0.5 inches per hour.

Both North Reading and Topsfield experience flood-
ing in areas along the Ipswich River during high water
stage.

Local No. 1 - Cape Ann

(The term "local" is applied to coastal areas that
do not contribute drainage to any one well-defined hydro-
logic feature. Rather, the areas are characterized by a
dispersed drainage pattern with runoff concentrating
at many points within the area).

About 60% of the drainage area has sanitary sewers
and 70% storm drainage. There are no combined sewers in
the area.

Local No. 2 - Manchester Harbor Area

About 50% of the watershed area is served by sani-
tary sewers and 60% by storm drains. There are no com-
bined sewers in the area. With the exception of some
minor problems, stormwater flooding does not constitute
a problem.

Local No. 3 - Marblehead Harbor - Lynn Harbor Area

Approximately 95% of the area is served by sanitary
sewers and about 100% by storm drains. About one-third
of the area has combined sewers which are located in
Lynn and a few places in Nahant. Stormwater flooding,
previously a problem in Nahant, has been corrected by
drainage additions.
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Local No. 4 - Boston Harbor

This drainage area is served by the MDC; 90% of the
area has sanitary sewers and storm drains. About 50%
of the area is served by combined sewers. While the
area reports no major flooding problems, some storm-
water flooding may occur when tides are high and from
backup of streams.

Local No. 5 - Boston

Consisting of only 4% of the City of Boston, this
area is almost completely sewered by combined sewers.
There are no serious stormwater flooding problems in
the area.

Local No. 6 - Quincy Bay Area

All of the Quincy Bay area is served by the MDC.
About 90% of the area has sanitary and storm sewerage,
however, there are no combined sewers. Flooding prob-
lems are minor in nature and usually arise from high
frequency return storms accentuated by high tides.

Local No. 7 Hingham Harbor - Hull Bay Area

About 70% of the population is served by sanitary
sewers and 90% by storm drains. Only 10% of the area
has combined sewers which are located in Hull, however
these combined sewers will be eliminated within a 3-
year period. Cohasset experiences occassional minor
flooding in its marshes.
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Local No. 8 Cohasset Harbor - Scituate Harbor Area

About 15% of this area has sanitary sewers and 60%
storm drains. There are no combined sewers. Cohasset
reports some stormwater flooding. Scituate has exper-
ienced stormwater flooding from a storm estimated to
have a 5~year return frequency.

Local No. 9 Green Harbor - Sudbury Bay Area

At the present time this area has some storm draine
but neither sanitary nor combined sewers. No serious
stormwater flooding in the area was reported.

Merrimack River Basin

Only a few of the communities in this watershed are
within the study area and the information presented is
related to only those communities. The part of the water-
shed area included in the study does not have sanitary
sewers, however, 35% has storm drains. There are no com-
bined sewers and no major flooding problems caused by
stormwater.

Mystic River Basin

The Mystic River Basin is served entirely by the
MSD. About 90% of the area has sanitary sewerage and
about 90%, storm drainage. About 10% of the area
has combined sewers or combinations of combined and sani-
tary sewerage. The cities in the watershed which have
combined sewers are Cambridge, Chelsea, and Somerville.
No major flooding problems were reported for the area
although the river banks may overflow during very
severe storms.
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Neponset River Basin

Approximately 85% of this drainage area is served
by sanitary sewers while close to 90% has storm drain-
age. Combined sewers, or a combination of combined and
sanitary sewers, serve about 10% of the area with Boston
having the largest portion.

Very high river stages may cause some low lying
lands to flood but usually nothing very extensive. Fox-
borough experiences a minimum amount of flooding problems.

North River Basin

Approximately 10% of this river basin area has sani-
tary sewerage while 50% is served by storm drains. There
are no combined sewers in the area.

Hanover reported severe flooding occurred during
storms having return frequencies of 10 to 15 years.
Scituate reported experiencing extensive flooding from
storms having a return frequency of 5 years.

Parker River Basin

Only a very small portion of the Parker River Basin
is within the study area. About 5% of this area has sani-
tary sewerage and about 15%, storm drainage. The area
reports no combined sewers at present.

Aside from Ipswich, which reports flooding generally
occurs when rainfall rates attain 0.5 inches per hours,
there are no major flooding problems from stormwater.
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Rowley River Basin

Only one community in the basin is included in the
study area, Ipswich. About 30% of Ipswich has sanitary
sewers but storm drainage is nearly 100% complete.

Salem Harbor Area

About 90% of this watershed has sanitary sewers,
however, storm drainage is about 100% complete. Approxi-
mately 2% of the drainage area is in Lynn which has com-
bined sewers.

There are no serious stormwater flooding problems in
this drainage basin other than those accentuated by high
tides.

Saugus River Basin

About 68% of the basin area has sanitary sewers and
90% storm sewers. About one-sixth of the watershed is in
Lynn and consists of combined sewers. About 40% of the
drainage basin is served by MSD.

The survev did not reveal any serious stormwater
flooding probl...s in the basin.

Shawsheen River Basin

About 50% of the basin has sanitary sewers and 65%
storm sewers. About one-third of the area is served by the
MSD.

South Tewksbury reports stormwater flooding affects
75% of its area; Lawrence reports some flooding problems
occur in the Saw Brook area.
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South River Rasin

This area has very little, if any, sanitary sewerage,
while about 50% has storm drains. There are no combined
sewers in the basin.

Stoney Brook Basin

There are no sanitary sewers in that portion of
the Stoney Brook basin which is within the study area,
however, about 40% of this area has storm sewers. There
are no combined sewers and no reported flooding problems
from stormwater.

Sudbury River

About 30% of the drainage area lies in towns affi-
liated with the M.D.C. On the whole, 40% of the water-
shed has sanitary sewers and 60%, storm drains. The
basin dces not have combined sewers.

Southborough reported some flooding occurring in
the south end of the town. Wayland experiences some
flooding along its Pelham Island Road and Westborough
is studying the problem of stormwater flooding in its
commercial district.

‘Taunton River Basin

That portion of the basin within the study area is
reported to have sanitary sewers for 25% of the area and
storm drainage for 45%. The area has no combined sewers.
Almost 30% of the area is within the M.D.C. limits.
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Weymouth Back River Basin

90% of the area is served by the MSD; sanitary
sewers serve 80% of the area while storm drains are
provided for 90%. The basin has no combined sewers or
serious stormwater flooding problems.

Weymouth Fore River Basin

Almost 85% of the watershed lies in communities
affiliated with the M.D.C. Sanitary sewers serve 80%
of the basin area; storm drains, about 85%.

There are no combined sewers in the basin and only
Holbrook experiences stormwater flooding.

38




III. URBAN STORMWATER RUNOFF

Quality Characteristics

Until the last decade, the quantitative or hydraulic
aspects of stormwater runoff were the prime concern of
the design engineers. The principal interest then was
to develop systems which would remove the stormwater from
the urban area and discharge it to the nearest watercourse
as expeditiously as possible. The prevailing opinion
held that stormwater runoff was virtually pollution free
because it was simply rainwater whose only demerit was
the potential to cause flooding.

Although mention of the qualitative aspects of
storm runoff has appeared at random in the literature
since the 1940's, it was not until passage of Federal
water pollution control legislation that more serious
attention began to be given to stormwater and its ef-
fects on the receiving stream. The increasing emphasis
on water quality standards brought about the Federal
Water Pollution Control Act Amendments of 1972 requires
that every effort be taken to minimize all pollution to
the receiving stream.

The quality and quantity of stormwater depends on
several factors. Intensity, duration, and areal extent
of storms, as well as the time intervals between succes-
sive storms, will have significant effects on the run-
off. In addition, land contours, land uses, population
densities, incidence and nature of industries, size and
layout of sewer systems, and other factors will also ex-
ert an influence. Studies on stormwater runoff qualities
may differ widely in pattern and background conditions,
consequently, they should not be simply consolidated and
treated as being representative of conditions throughout
the United States.
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Table 6 presents a summary of the characteristics
of combined and separate storm sewer discharges through-
out the United States as compiled by Kothandaraman(l).
These data amply justify the concern for protecting the
water quality in streams from pollution by stormwater
runoff.

Hedley and Kint(8), on the basis of their observa-
tions of storm runoffs from the Haunch Valley drainage
area (steep, about 100 acres), estimated pollution loads
on an effective impervious area basis. For combined
sewer overflows they estimated the BOD load to be 6 lb/
acre and the suspended solids load to be about 1l6/acre
during the storm. Burm, Krawczyk, and Harlow(9) estima-
ted the pollution loads for a Detroit area which is
served by a combined sewer system and for Ann Arbor which
is served by a separate sewer system. The results are
shown in Table 7. Weibel et al(l10) from their Cincinnati
studies, have given a comparison of the strength of se-

parate storm sewer discharges with that of domestic sewage.

The results are shown in Table 8.

Bryan(ll), on the basis of his studies on urban
drainage in North Carolina, came to the conclusion that
the total weight (presumably on an annual basis) contri-
bution of BOD by stormwater was about equal to the sani-~
tary wastewater effluent from secondary treatment at 85-
95 percent efficiency. This compares favorably with the
findings of Weibel et al(10). The contribution of total
organic matter as measured by chemical oxygen demand in
stormwater was greater than that attributable to the
discharge of sanitary wastewater. The total solids con-~
tribution by urban stormwater was substantially larger
than would be expected from average raw domestic waste-
water. The contribution of phosphate was nominal for
the stormwater in comparison with that of domestic waste-
water.
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i
TABLE 7
POLLUTIONAL LOAD FACTORS
!
{
:
Combined sewer, Separate storm sewer,
{ Detroit Ann Arbor
' Constituents (l1b/acre) (lb/acre)
: Phenols 0.042 0.002
BOD 90 31
‘ NH,-N 6.2 0.7
1 Organic N 1.6 0.4
‘ Suspended solids 200 1010
Volatile suspended
solids 93 185
v Total P04 11.0 2.8
: NO,-N 0.15 0.8
42
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The American Public Works Association(l2), on
: the basis of studies in the metropolitan Chicago area,
reported that street refuse-litter creates a water
pollution potential when it comes in contact with run-
off waters resulting from precipitation of thaws in
direct proportion to the amount and nature of these
urban environment wastes. The pollution potential
can be reduced and minimized by better municipal sanita-
tion practices, the use of more sophisticated equipment,
and improved public cooperation and participation. The
significant component of street litter, in terms of pro-
ducing water pollution potential by runoff, was found to
be the dust and dirt fraction. This varied from 0.4 to
5.2 pounds per day per 100 feet of curb. The soluble dust
and dirt contained appreciable amounts of water pollution
contaminants. The weighted amounts of these constituents
“were: BOD, 5 mg/g; COD, 40 mg/g; coliforms, 1 million/g;
and fecal enterococci, 5400/g. The BOD of street litter
was found to be equivalent to 25 persons per day per mile.

Impact of Stormwater Runoff on Receiving Waters

Several studies have been made which indicate that
stormwater runoff can and does have an impact on receiv-
ing waters. Gannon and Streck(l13) reported on the influ-
ence of the discharge from separate stormwater sewers in
Ann Arbor, Michigan, on the Huron River following a storm
on the evening of July 20, 1964. They found that the DO
level in the river was depressed from about 10 mg/l to
2 mg/l. The effect lasted about 24 hours after the storm
ceased, and a river stretch of 2 miles below the outfall
was found to be affected. Burm(14) studied the bacterio-
logical effects of combined sewer overflows from Detroit,
Michigan, on the Detroit River and concluded that the
duration of adverse effects was proportional to the in-
tensity of rains. Coliform densities exceeded 100,000
per 100 ml in the river after a moderate rain, and the
effects of overflow discharges were felt for several days
after the acutal overflows had ceased.
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The results of a detailed water quality survey of
the Sandusky River in Ohio before and after rainstorms
have been reported by Burgess and Niple, Ltd.(15). They
found that the BOD concentration of the Sandusky River,
immediately downstream from Bucyrus, varied from an aver-
age of 6 mg/l during dry weather to a high of 51 mg/1l
during overflow discharges. The total coliforms (by the
membrane filter technique) varied from an average of
400,000 per 100 ml during dry weather to a high of
8,800,000 per 100 ml during overflow discharges. The
effects of combined sewer overflows on the Sandusky River
in and below the city of Bucyrus were visually apparent.
Median flows in the river at Bucyrus in June, July, and
August of 1969 were 13, 6.9, and 4.8 cfs, respectively.

In assessing the effects of stormwater overflows
from the Oakland and Berkeley, California, area on San
Francisco Bay, Metcalf and Eddy, Inc.(16), reported
that although dissolved oxygen was depressed by over-
flows, the average DO levels were well above the mini-
mum objective of 5.0 mg/l during the rainy season.

Only localized and short-lived DO levels below the
minimum DO objective were noted during the rainy season.
Coliform bacteria after an overflow event were found to
produce a concentration above the selected objective
(total coliform MPN not higher than 1000 per 100 ml
more than 20 percent of the time in a 30-day period)

for approximately 2.6 days after each overflow event.

These studies add emphasis to the argument that
stormwater runoff can cause problems in receiving waters
which can not be ignored.

Stormwater Collection and Treatment Problems

Whereas conventional wastewater treatment is based
on comparatively steady state conditions, stormwater
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treatment must adapt to intermittent and random occur-
rences. Flow and quality characteristics are subject

to high variability over short periods of time. Peak
flow rates may equal or exceed 50-100 times dry weather
flows from the same area. Thus, facilities must either
be exorbitantly large or supported by equalization stor-
age.

Many studies involving the hydraulic characteris-
tics of urban storm runoff have shown the difficulty of
collecting stormwater in sew2ars and the necessity of
overflows. In Detroit, Mici.igan, Palmer (5) found that
no satisfactory reduction in the number of storm over-
flow occurrences can be made by any reasonable increase
in interceptor capacity. 1In Boston, Massachusetts,
McKee (6) found that stormwater runoff was equal to the
dry weather sanitary sewage flow when the rainfall in-
tensity was about 0.0l1 inch/hour after impervious sur-
faces were wetted. He estimated that with combined
sewer interceptors designed to collect flows as great
as 9 times the dry weather flow, 82% of the incoming
sewage would overflow from storms of 0.5 inch/hour.

Because of the high flow rates which can occur,
transmission facilities costs can be very high, con-
straining options for centralization of treatment faci-
lities. These conditions often necessitate the use of
treatment sites in prime real estate areas. In many
cases treatment facilities must be kept simple, compact,
and attractive to the surroundings. 1In addition, be-
cause storm occurrences may occur with little advance
warning and at any time, day or night, weekdays or week-
ends, automatic operational control is required. Treat-
ment effectiveness is largely dependent upon facilities
which will not be rendered inoperative by scum or debris,
but can come on line instantly and self-adjust to changes
in flow and concentration of pollutants.
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The collection and treatment problems associated with
combined as well as stormwater runoff flows as described
above make treatment decision choices difficult. The
complete separation of sanitary and storm sewers by it-
self, will not provide the solution for pollution con-
trol of surface runoff. It will be necessary to treat
both sources of pollution in ways which are as cost-
effective as possible.

TREATMENT OBJECTIVES AND METHODOLOGY

The necessity of stormwater or combined sewage
treatment facilities to be able to treat and/or handle
flow rates ranging from zero to rates far in excess of
the treatment plant's capacity requires that treatment
objectives be established. Lager(l7) has developed a
decision matrix system which acts as a guide to the
design engineer and assists him in the selection of
those processes which will attain the objective or goal
desired. Figure 2 shows the treatment design matrix.
The repeated "Bypass" notations on the figure indicate
the option to end the treatment sequence at any level
and/or skip intervening levels depending upon treatment
objectives.

Level 1

The first-level decision sets constraints on the
flow rate that is to be processed. The use of storage
is the most cost-effective means available to the design
engineer for reducing pollution resulting from combined
sewer overflows and for improving the management of ur-
ban stormwater runoff. It is the best documented abate-
ment measure in present practice. Concentration devices(18)
typified by the swirl concentrator, split the runoff into
a low volume concentrate stream and a high volume rela-
tively clear stream.
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Level 2

The second-level decision offers a modest upgrading
of the waste flow where screening/straining devices may
vary from bar racks to drum screens to microstrainers.
Table 9 lists the common screen/strainer sizes and typ-
ical removal efficiencies. Bar screens are used as pro-
tection devices for pumps and other equipment; fine
screens have been used effectively as pretreatment de-
vices; and microstrainers have been used as complete
treatment units and as polishing devices(19,20). Skim-
ming is accomplished by use of submerged outlets or
elongated weirs protected by baffles.

Level 3

Sedimentation is the most commonly practiced treat-
ment process in use for combined sewage(21,22). Because
flow rates may vary widely throughout a storm, basin per-
formances are difficult to evaluate. In practice, most
basins have a primary function as storage and a secondary
function as a disinfection contract 2estention basin.
Treatment by sedimentation is practically incidental.
Peak flow-through rates are generally governed by dis-
infection requirements, thus overflow rates at peak
design may exceed 10,000 gal/sf/day, or approximately
10 times conventional treatment practice. Most storm
flows will load basins at rates of 2,500 gpd/sf or less.
Within this range, suspended solids removals can be
expected to vary linearly from 70% at 300 gpd/sf to 30%
at 2,300 gpd/sf.

The dissolved air flotation process(23) can operate
effectively at high overflow rates on the order of 4,000
to 5,000 gpd/sf and can efficiently remove visible float-
ing matter. At these rates, suspended solids removals
are approximately 50% and BODg removals are 45%. Chemi-
cal polymer additions can improve suspended solids re-
movals by 15% but only 2% for BODS.
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Type
Bar
Screens

Coarse
Screens

Fine
Screens

Micro-
Strainers

TABLE 9

SCREENING/STRAINING DEVICES

Clear Opening Typical Removals, %
Mesh Inches Microns Susp. Solids BOD¢

- 3-1 - 1-5 1

- 1-3/16 - - %
4-20 3/16-1/32 - 27 | 22
20-400 0.03-0.001 833-23 20-80 Erratic
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Level 4

High rate filters(24) have been studied extensively
on a laboratory scale for the treatment of stormwater
because of their ability to withstand the high varia-
bility of flow rates and contaminant loadings. In order
to attain the higher flow-through rates necessary to re-
duce filters to a feasible size, the media must be both
coarser and deeper than for conventional beds. Multi-
media beds are common. Loading rates from 5 to 20 gpm
per square foot with brief runs as high as 50 gpm per
square foot have been successfully attempted. Drasti-
cally shortened filter runs between backwashes and high
headlosses are associated with the higher rates. Sus-
pended solids removals were found to be about 80% without
chemicals and 95% with chemicals. BODg removals were
about 50% without chemicals and 80% with chemical addi-
tions. Pretreatment equivalent to Level 3 is required.

Biological processes including lagoons, trickling
filters, contact-stabilization activated sludge, and ro-
tating biological discs have been tested. All suffer
the common problem of maintaining an adequate and active
biomass between storms to support the high and immediate
needs during storms. Also, the shock loadings associated
with storm flows are highly disruptive to the biological
processes. Where successful, the stormwater treatment
facilities have been located adjacent to or within the
dry weather flow plants. Treatment efficiencies similar
to the high rate filters would be expected.

The use of chemicals to improve performance of the
above processes is questionable(25). 1In some cases, the
addition of polymers was fruitless because even though a
floc could be formed, hydraulic short-circuiting washed
it out of the basin before it could settle and be removed.
Likewise, the use of ozone(26) as a substitute for the




biological processes is highly unlikely because rather
large and expensive dosage rates, up to 100 mg/liter,
would be required.

Levels 5 and 6

Like most wastewaters, stormwater as also amenable
to nutrient removal alone or to the highest levels of
treatment, including carbon adsorption, ammonia strip-
ping, etc., where reclamation is anticipated. No large
scale facilities, however, are in operation upon which
to draw experience.

Level 7

Disinfection of wastewater is a major undertaking.
Providing and storing sufficient chlorine or hypochlorite
solution to treat peak storm flows at 6 to 25 mg/liter
requires tremendous guantities of the chemical. Two in-
stallations(27,28) have found it more economical to con-
struct their own chlorine generation plants rather than
purchase chlorine from commercial sources. The applica-
tion of the solution requires good flow measurement and
careful control. There is always the danger that a massive
overdose will occur. A l5-minute contact time is a de-
sired minimum and bacterial kills of 99.9% are common.
Dechlorination is a potential requirement in the future.

Cost Data

Because of the limited number of full-size installa-
tions and their basically experimental and demonstration
backgrounds, reliable cost data are not available. Table:
10 gives installed costs(29) that are typically represen-
tative. The costs are based on an ENR 2000 and exclude
land costs.
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TABLE 10

COSTS FOR STORMWATER TREATMENT FACILITIES

(ENR 2000; Land Costs Excluded)

Peak Design Flow

Item 25 MGD 100 MGb
Bar Racks $ 189,000 $ 388,000
Fine Screens 457,000 1,826,000
Dissolved Air Flotation 2,060,000 7,624,000
Sedimentation Tanks 568,000 1,784,000
Microstrainers 761,000 3,044,000
High Rate Filters 882,000 2,233,000
Chlorine Contact Tank

& Equipment 227,000 662,000
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Other Stormwater/Combined Sewer Overflow Treatment Studies/

Projects

In 1964 the U.S. Public Health Service(30) estimated
that to provide complete separation of storm and sanitary
sewers throughout the country would range from $20 to $30
billion. Since storm sewer discharges constitute a signi-
ficant pollution load on the receiving waters, all storm
runoffs should be considered for treatment. All proposed
methods for controlling pollution from storm runoffs dwell
on some aspect of storage, and subsequent means of treat-
ing the stormwater. Methods proposed for storage and sub-
sequent treatment are quite varied. A few examples are
discussed below.

In Boston, Massachusetts, complete separation of
storm and sanitary sewer systems was considered infeasi-
ble(31). Chlorination of combined overflows in contact
tanks constructed at selected outlets prior to discharge
to nearby water courses was estimated to cost about $533
million. Construction of holding tanks and subsequent
disposal with the normal wastewater flow in the sewerage
system was estimated to cost about $814 million. The
least expensive plan was found to be deep tunnel storage
and subsequent disposal by an ocean outfall and diffuser
system. A 15-year frequency rainstorm of 24-hour dura-
tion was considered for design purposes.

For the metropolitan Chicago area, a deep tunnel
storage system consisting of conveyance tunnels and
mined storage reservoirs, and subsequent treatment of
combined sewer overflows at treatment plants was found
to be the best solution for abating pollution from storm
runoffs (32). The complete separation and holding tank
concepts were found to be much more expensive. The deep
tunnel conveyance and storage system, estimated to cost
about $1 billion, would serve an area of(62 &quare miles

in the Lake Calumet area. The envisioned 10-year program
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would include the entire 300 square miles and the combined
sewer area of the Chicago area. The system's first stage
of development would have a storage capacity that would
limit overflow to the waterway to a maximum of only 25
percent of the total storm runoff in all but one storm

of the 96-year precipitation record.

Karl R. Rohrer Associates, Inc.(33) reported on
the feasibility of off-shore underwater temporary stor-
age of combined sewer flows in flexible tanks. A pilot
demonstration facility was constructed in Sandusky,
Ohio, where combined sewer overflows from a 14.86-acre
residential drainage area was directed to two 100,000
gallon collapsible tanks anchored underwater in Lake
Erie. The stored overflows were pumped back to the
sewer system after a storm event for subsequent treat-
ment. During one year of operation, a total of 988,000
gallons of stormwater overflow was contained and returned
for treatment. As constructed, the facility cost was
about $1.88 per gallon of storage capacity, however,
future projections indicate possible costs of less than
40 cents per gallon.

Burgess and Niple, Lts. (15), in their study of the
various aspects of combined sewer overflows in Bucyrus,
Ohio, considered six alternatives. These alternatives
and their estimated costs are:

T (1, Complete separation of sanitary waste
and stormwater $8,800,000

(2) Interceptor sewer and lagoon system 5,220,000
(3) Stream flow augmentation 5,000,000

(4) Treatment of overflows with a system
consisting of gravity interceptor,
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grit chamber, settling tanks, chlori-

nation facilities, anaerobic digester,

and sludge drying beds. (The treat-

ment facility would provide 1.5 hours

of detention time for a 2-year, 1l-

hour design storm). 8,810,000

(5) Chlorination of overflows with a system
consisting of interceptor sewers, con-
tact tanks, and chlorination facilities
capable of providing a chlorine dosage
of 40 mg/l. 3,000,000

(6) Off-stream treatment consisting of
pump station, low head dam, and lagoon
system. 1,700,000

The Envirogenics Company (34), considered three
alternate storage systems for Sacramento, California,
namely, underground storage, surface storage, and stabi-
lization ponds. Costs for various storage facilities
to accommodate rainstorms of three different frequencies
are contained in their report. The company considered
dissolved air flotation, mechanical screening, and chlori-
nation for treating urban runoff.

Simpson and Curtis(35) reported on the feasibility
of a large stabilization retention basin in the off-shore
waters of Lake Erie as a method of treating combined sewer
overflows from the Cleveland metropolitan area. The
proposed plan included a shoreline collection system to
convey flows to the basin and would serve an area of
approximately 38,800 acres. The proposed stabilization
basin would have a volume of 30,000 acre-feet. The
capital cost for the basin and the complete collection
system at 1968 cost levels was estimated to be approxi-
mately $83,500,000. Total annual cost of operation,
maintenance, and amortization was estimated at $4,767,000.
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Waller (36) reported on a retention tank for solving
the combined sewage overflow problems facing the city of
Halifax, Canada (population 100,000). The total cost for
the complete installation would be $400,000. The retention
tank would have a capacity of approximately 1 million
gallons and provide 15 minutes detention for a peak flow
of 150 cfs. Chlorination facilities would provide a
dosage of 30 mg/l for flows up to 40 cfs.
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IV. STORMWATER MANAGEMENT FOR STUDY AREA

Overview of Methodology

Stormwater management for the study area was accom-
plished by considering each of the communities within the
study area as a separate management problem. This was
necessary because the urban area information generated
assumed that the urban stormwater runoff in each community
could be collected and treated at a single point. While
this could be true in a few cases, generally it is not;
the urban area in a given community is often divided and
the ground topography generally allows surface drainage
within the community to be drained to several points.

Because of the deficiencies in the data, optimiza-
tion of stormwater management could not be employed. No
assurance could be placed in assumptions as to where
stormwater discharges would take place or the amounts of
runoff in the discharges, consequently, economic advan-
tage could not be taken of several discharges from ad-
joining communities probably occurringin close proximity
to each other and being treated jointly. Thus, the storm-
water management proposed in this report cannot be consi-
dered as practicable because it fails to define actual
points of discharge and the volumes of runoff that should
be treated at those points. It considers all of the urban
stormwater for a community to be drained to some undefined
point on the perimeter of the community where it is to be
stored and treated.

In spite of the shortcomings described above, however,
the study is highly useful in that it offers valuable in-
formation regarding management of stormwater in each com-
munity assuming that all of the stormwater could be sent
to a single plant for treatment.
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Stormwater treatment requirements of each community
were determined by:

(1) Selecting the level of stormwater treatment
based on treatment goals which were considered feasible
and valid,

(2) Determining the storage volume that would be
necessary to hold the fraction of runoff which contained
the greatest amount of pollutional matter which would be
subsequently treated, and

(3) Selecting a treatment scheme alternate which
would provide the most cost-effective treatment consis-
tent with the treatment goal desired.

URBAN STORMWATER RUNOFF QUALITY AND QUANTITY (37)

Introduction

Rain falling on impervious surfaces, such as roof-
tops, streets and other paved surfaces, is apt to pro-
duce runoff due to the nature of the materials. Pervious
areas, such as lawns and parks, are less conducive to
runoff and contribute to the total runoff to a lesser
degree. Materials lying on the surfaces of both areas
can be either washed off or dissolved by the runoff.
These materials contribute to the degradation of the
quality of the runoff water by supplying various pollu-
tants such as solids, oxygen-demanding substances, nu-
trients and bacteria. These pollutants frequently reach
concentrations that are above established effluent cri-
teria and, if not treated before discharge, could have
a deleterious effect on a receiving water body.

It has only been within the past ten years that the
need to predict the quality of urban stormwater runoff
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has been recognized. With this intention, several stud-
ies have been conducted on urban watersheds throughout
the United States. Some of the urban areas studied are
Chicago, Tulsa, Baltimore and Cincinnati. The approach
generally used has been to relate, through statistical
analysis, observed runoff pollutant loads to the physical
and environmental characteristics of the watersheds. The
results of these analyses have proved to be of use as a
predictor of pollution potential in the specific areas
studied. However, these "models" are not meant to be used
as an absolute end, replacing the need for observed field
data in design studies. Nor should they be applied to
other geographic areas without proper calibration.

The study performed within the city of Chicago
by the American Public Works Association (APWA) (12) has
been a source of useful! information in the quest for
a generally applicakle stormwater quality methodology.
A major finding of thc study was that litter accumula-
ting on streets is a very significant source of pollu-
tion, and dust and dir* is the most abundant component
of the litter. Various pcllutants were identified as
being present in the composition of the dust and dirt.
This led to the finding that a direct relationship ex-
ists between runoff pollutant concentrations and dust
and dirt buildup on the streets.

Several computer simulation models are based on the
findings of the Chicago study. The most notable of these
are the EPA Stormwater Mangement Model (38) developed by
Metcalf & Eddy, Inc., University of Florida, and Water
Resources Engineers, Inc., and the "STORM" Model (39) de-
veloped by Water Resources Engineers, Inc. for the Corps
of Engineers Hydrologic Engineering Center. Each model
is capable of predicting the quality and quantity of
urban stormwater runoff. The EPA model is very compre-
hensive in its scope, whereas the "STORM" Model treats
only the runoff quality and quantity process and the
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treatment, storage, and overflow interaction. Because
of the generalized nature of the "STORM" Model, it was
used in the inventory of urban stormwater runoff quality
and quantity for this study.

Pollutant data necessary to predict the quality of
stormwater runoff is difficult to obtain. Accordingly,
the "STORM" Model is equipped with default values, most
of which are derived from the APWA Chicago Study, for
the quality variables.

When using a mathematical model as a predictive
tool, it is usually advisable to calibrate the model
against observed field data from the study area. How-
ever, due to time and funding constraints, field cali-
brating data for this study was not obtainable. Conse-
quently, the stormwater inventory was developed using
the default quality values after a degree of confidence
in them was determined.

Since field calibrating data was not available, the
main emphasis of this study was to make the available
data as accurate as possible. This extensive effort was
designed to, in part, compensate for the lack of field
data and to add confidence to the results of the analysis.

The end product of the analysis is a comprehensive
inventory of urban stormwater runoff quanitity and pollu-
tion loadings. The information contained therein will
be of value if it is kept in the right context, that of
a predictive mode. Despite the problems encountered dur-
ing analysis, it is felt that the methodology employed
incorporates the state-of-the-art in stormwater quality
analysis.

Sources of Pollution

Pollutants carried by storm runoff from urban areas
have many sources; accumulated debris and dirt on streets,
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chemical substances from grassy areas, atmospheric fallout,
animal wastes, etc. It has been found that street sur-
faces are the most significant source of pollutants,
mainly because streets are exposed to many diverse sources
of pollutant loadings and, due to their impervious
constitution, readily produce runoff. Using a hypothet-
ical city as a basis for comparison, it has been esti-
mated that for the first hour of a moderate-to-heavy
storm, the pollution loadings from street surfaces would
far exceed that from the raw sanitary sewage of the city
over the same period as shownon Table 1l1. The streets

of this city are cleaned, by sweeping or rainfall, an
average of every five days. It should be noted that

these computed figures are presented in the unit of pounds
per time period, not concentration.

The APWA Chicago Study(12) categorized all materials
that collect on street surfaces as either rags, paper,
dust and dirt, vegetation or inorganics. The dust and
dirt portion, that fraction of the solid material pas-
sing a 1/8-inch hardware cloth, was found to be the most
abundant, except during the autumn months when vegeta-
tion was prevalent. During the period March through
September, dust and dirt comprised 72 percent of the
total refuse accumulation. The characteristics of
street refuse components estimated by the APWA Study
for a residential area of Chicago are given in Table 12.

The composition of the dust and dirt was studied
to identify its pollution potential. The results showed
that various pollutants were contained within and were
released by the soluble portion of the dust and dirt.
The non-soluble portion, though it can contribute to
the solids load as it is washed off the street, was not
specifically studied. Table 13 summarizes the findings
of the APWA Study.
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TABLE 11

} STORMWATER RUNOFF POLLUTANTS

. FOR HYPOTHETICAL CITY (40)

3

: Raw Secondary

i Street Surface Sanitary Plant

a Runoff* Sewage Effluent

; (Ib/hr) lIB?ErS (Ib/hr)

| Settleable plus

{ Suspended Solids 560,000 1,300 130

,

i BOD, 5,600 1,100 110
cob 13,000 1,200 120
Kjeldahl nitrogen 880 210 20
Phosphates 440 50 2.5

Total coliform 10 10
bacteria (org/hr) 4000 x 1010 460,000 x 10 4.6 x 10

*Following l-hour storm.

The hypothetical city has the following characteristics:
~ Po ulation - 100,000 persons
Total land are - 14,000 acres

g Land-use distribution:
residential ~ 75%
commercial -~ 5%
industrial -~ 20%

Streets (tributary to receiving waters) -
400 curb miles

6

Sanitary sewage - 12 x 10" gal/day.
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TABLE 12

MONTHLY SUMMARY OF ESTIMATED STREET LITTER

COMPONENTS, FROM A 10-ACRE RESIDENTIAL

AREA, CHICAGO

Street Refuse Components

P--',

(Tons/Month)

Dust &
Month Rags Paper Dirt Vegetation 1Inorganic Total
Jan. .0015 .036 «55 .00 .09 .68
Feb. .0015 .036 «55 .00 .09 .68
March .0015 .036 .55 .08 .09 .76
April .0015 .036 .55 .08 .09 .76
May .0015 .036 <55 .08 .09 .76
June .0015 .036 .55 .08 .09 .76
July .0015 .036 .55 .08 .09 .76
Aug. .0015 .036 .55 .08 .09 .76
Sept. .0015 .036 .55 .08 .09 .76
Oct. .0015 .036 .55 .83 .09 1.56
Nov. .0015 .036 .55 .83 .09 1.56
Dec. .0015 .036 .55 .00 .09 .68
TOTAL .0180 .432 6.60 2,22 1.08 10.48
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TABLE 13

APWA FINDINGS ON RATE OF POLLUTANT
UILDUP ON URBAN WATERSHEDS
Amount of Dust and Dirt and Strength of BOD by Land Use

Amt. of Dust and Dirt BOD Dust and Dirt

Land Use (Ib/day/I00 ft of curb) {mg/q)
Commercial 3.3 7.7
Industrial 4.6 3
Multiple family 2.3 3.6
Single family residence 0.7 S
Assumed weighted average 1.5 5

Amount of Pollutant by Type of Land Use

Single Multiple

Item Family Family Commercial
Water Soluble (mg/qg) 6.0 5.6 12.4
Volatile Water Soluble (mg/g) 3.8 3.4 6.9
BOD (mg/qg) 5.0 3.6 7.7
COD (mg/g) 40 40 39
PO4 (mg/g) .05 .05 .07
N (mg/q) .48 .61 .41
Total plate counts/g
(x 1000) 10,900 18,000 11,700
Confirmed coliform/g
(x 1000) 1,300 2,700 1,700
Fecal enterococci/g 645 518 329
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Pollutant Buildup

Referring to Table 13, it can be seen that the rate
of buildup and the composition of the dust and dirt var-
ies with the type of land use. This is probably due to
the fact that several factors, such as street sweeping
and traffic volume, that influence accumulation rates
also vary with land use. This relationship between land
usage and pollution potential was one conclusion of the
APWA Study and is generally accepted as being valid.

Several other factors directly influence the build-
up of dust and dirt. The most important are the exist-
ence and extent of street gutters, street sweeping prac-
tices, and the length of dry period between runoff events.
Street gutters perform a dual function; they provide a
protected area for dust and dirt to accumulate against
and they form a channel to collect and rapidly remove
runoff. Studies(12) have shown that 60 to 10Q percent of
all solids lying on street surfaces accumulate on the
area within 12 inches of the gutter, the average amount
being approximately 90 percent. Without gutters, the
dust and dirt would easily be blown away by wind, vehi-
cular traffic, etc., probably being deposited on ad-
joining sidewalks, lawns or buildings. During runoff
events, much water would be lost to bordering pervious
areas in the absence of gutters. This would result in
an inefficient runoff removal system.

Street sweeping is one of the most effective means
of controlling stormwater runoff pollution. It treats
the problem at its source by removing some portion of
the polluting dust and dirt from the street, thus re-
ducing the pollution potential. The percentage removal
or efficiency is dependent upon make of equipment, local
conditions and local practices. Unfortunately, even
under well organized programs, today's street sweeping
operations result in only an average 50 percent removal
of dust and dirt.
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The length of the dry period between runoff events
is perhaps the most important factor in the buildup of
the pollution load. This variable directly determines
the amount of dust and dirt that can accumulate on the
streets if not interrupted by runoff or street sweeping.

Pollutant Washoff

The washoff of pollutants lying on the surface of
streets and along street gutters occurs somewhat in the
following manner:

(1) Pollutants lying on the streets are dissolved
or suspended by the runoff water. If the runoff.rate
is high enough, larger solid particles will be scoured
from the streets.

(2) The pollutants are carried to the gutter by
the sheet-flow across the street.

(3) The runoff is channeled along the gutters to
the collection system.

It has been assumed that the amount of a pollutant
washed off the street is proportional to the amount re-
maining and to the rate of runoff. This has led to the
mathematical relationship(38):

P = p (l_e-406rt)

o
where:
P = pounds of the pollutant washed off
P° = pounds of the pollutant initially on the street
r = runoff rate (in/hr)
t = time interval (hr)
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The factor of 4.6 stems from the assumption that a uni-
form runoff rate of 1/2-inch per hour would wash off 90
percent of the pollutant in one hour. The runoff rate
is that from the impervious surfaced area only, since
the runoff contribution from the pervious surfaced areas
is negligible in its effect on the pollutant washoff.

The "STORM" Model

The preceding theory of pollution buildup and wash-
off has been incorporated into a mathematical model
called "STORM"; Storage, Treatment, Overflow and Runoff
Model(39). The model analyzes six components of the
urban storm water cycle; rainfall, runoff, pollutant
buildup and washoff, treatment, storage, and overflow.
It accomplishes this by first analyzing the input data
that physically describes the urban area, then by compu-
ting the quantity and quality of runoff prcduced by a
given rainfall event. Rainfall data may be input as
either an historic record or a synthetic design storm.
Runoff is computed by a modified rational method which
makes the model mcst applicable to small drainage areas
of up to five square miles. Pollutant loads which can
be predicted are sSuspended and settleable solids, 5-day
biochemical oxygen demand (BODS), total nitrogen and
orthophosphate.

The data necessary to accurately apply the model
are:

(1) Rainfall
(2) Dry period preceding each rainfall event
(3) Area of watershed

(4) Runoff coefficients for pervious and imper-
vious areas
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(5) Street sweeping efficiency and interval
(6) Amount of depression storage
(7) Daily evaporation rates

(8) Land use breakdown of the water shed

e A -

(9) Length of street gutters for each land use
group

(10) Pollutant data-dust and dirt accumulation
rates and composition of the dust and dirt

(11) vVarious combinations of treatment rates and
storage amounts

% Most of the data are either readily available or
easily determinable.

: The pollutant data is the most difficult to deter-

" mine. Because of this, default values for the data are

1 built into the model. The values, shown on Table 14, are
taken from the results of the APWA Chicago Study(l12) and
from other sources. These data should be used with cau-
tion since they are the results of studies performed in
specific geographic areas which are not necessarily con-
gruous to all areas. The default values do, however, lend
themselves quite readily to calibration with observed run-

S off quality data for any area. This procedure should be
considered necessary in all applications of the model.

E T

A major assumption made by the Stormwater Management
Study (38) concerning the relationship between suspended
solids and BODg is incorporated in the "STORM" Model.

The assumption was made that some percentage of the
suspended solids load should be added to the BODg load
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i TABLE 14
| i DEFAULT VALUES FOR STORM MODEL
4 T POLLUTANT VARIABLES (41)
¥ Daily Rate of Dust and Dirt (D/D) Accumulation
Land Use Amt. of D/D by Land Use
i (Ib/day/100 ft of gutter)
é Single Family Residential 0.7
‘ Multiple Family Residential 2.3
i Commercial 3.3
Industrial 4.6
Open or Park 1.5

Pound of Pollutant in Dust and Dirt (D/D)

Land Use ; Lbs of Pollutant/100 lbs of D/D
Sus. Sett.

Solids Solids BOD N POy4
Single Family Residential 11.1 1.1 0.5 0.048 0.005
Multiple Family Residential 8.0 0.8 0.36 0.061 0.005
Commercial 17.0 1.7 0.77 0.041 0.007
Industrial 6.7 0.7 0.3 0.043 0.003
Open or Park 11.1 1.1 0.5 0.048 0.005
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of the dust and dirt in order to account for the BOD
of leaves, grass, organic material, and drainage froa
roofs, grassed areas, etc. These sources were not ana-
lyzed in the APWA Chicago Stucy; only the dust and dirt
lying on the streets prior to the rainfall event were in-
vestigated. It was felt that contribution from these
sources may range from 3 to 10 percent. A value of 5
percent was used during the study.

For the "STORM" Model, the maximum value of 10 per-
cent was chosen for use. Furthermore, this concept was
expanded to include a contribution to the BODg load from
the settleable solids. Also, percentage contributions
of both forms of solids to the total nitrogen and the
orthophosphate loads were assumed.

While the runoff quality routine of the "STORM"
Model is useful for determining the pollution potential
of an urban area, the quantity routines are useful in
a system's design application. By analysis of the treat-
ment-storage-overflow interaction, combinations of treat-
ment rates and storage capacities which will optimize the
stormwater system's response to various conditions can be
determined.

Application of "STORM" Model

Because of its simplified method of runoff compu-
tation, the "STORM" Model is meant to be used for small
drainage areas of up to two or three thousand acres.
However, most of the watersheds within the study area
are much larger, several being over 100 square miles in
area. Consequently, a method had to be devised to make
the model applicable to large watersheds.

The approach taken was to divide each watershed

into its political components. The "STORM" Model was
then applied to each town or portion thereof within
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each watershed. However, many of these towns or por-
tions of towns are still in excess of 5 square miles

in area. It was felt that further subdivision of these
towns was outside the scope of this study. Also, the
extent of the urban land area, not the total land area
(rural plus urban), is the determining factor. The ur-
ban land area of most of these towns, throughout the
planning period, is less than 5 square miles.

The "STORM" Model output is presented as hourly
pollutant loads and concentrations, hourly peak runoff,
total-storm pollutant loads, and total-storm pollutant
loads broken down by contribution from each land use
category for only the urban land portion of each town.

Design Storm Rainfall

Hydrologically, there is considerable information
available on rainfall probabilities. However, little
data have been developed on rainfall rates at which vari-
ous percentages of total rainfall occur. For this study,
test storms were developed by the Corps of Engineers
which were considered applicable to the area, for both
types of rainstorm criteria.

Using rainfall-duration data of a selected frequency,
a "balanced" storm rainfall was derived which contains
the appropriate rainfall for each duration. Such a
"balanced" storm rainfall can be defined as a rainfall
sequence reflecting rainfall-duration of a selected
frequency. A system designed to wmanage the runoff from
such a "balanced" storm can be said to have a level of
design equal to the frequencyof the selected storm rain-
fall. For this study, point rainfall rates versus per-
cent of total rainfall were estimated, first for dura-
tions of 1 hour and then for 2 to 96 hours. These esti-
mated data were derived as follows:
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(1) Basic data on the number of hours during a 10-
year period (1951-1960) in which rainfall at Boston occur-
red in each of eight rainfall rate categories were ob-
tained from U.S. Weather Bureau Bulletin No. 82-19, "Cli-
matography of the United States." Data contained in this
bulletin were used as a basis for developing a curve re-
lating hourly rainfall rate to percent of total rainfall.

(2) Having determined point rainfall rates for one-
hour durations, rainfall rates for other durations from
2 to 96 hours were derived by multiplying the one-hour
data by rainfall-duration ratios determined from U.S.
Weather Bureau Technical Papers No. 40 and 49. Through
rainfall data in T.P. 40 and 49 are for various frequen-
cies and durations, the ratios between one-hour and other
multi-hour duration rainfall are relatively constant for
varying frequencies. These same rainfall relations be-
tween one-hour, and durations of from 2 to 96 hours,
though based on probability rather than percent of volume,
were considered generally applicable for determining rain-
fall rates versus total rainfall, particularly in the
range of higher and less frequent rates of rainfall. De-
veloped curves, relating rainfall rate to percent of
total rainfall for durations of 1 to 96 hours, were then
used to derive test storms for use in estimating system
requirements for managing 90 and 95 percent of storm run-
off. These storms have been designated Class 90 and
Class 95 storms.

Subsequent simulation studies, using long-term
rainfall records for Boston, indicated that assumptions
discussed in the preceding paragraph may be somewhat in
error, for it was found that a system designed to manage
90 and 95 percent test storms, in actuality, would only
be capable of managing about 60 and 80 percent of the
storm runoff, respectively. The hourly rainfall amounts
of these storms are as shown in Table 15.
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TABLE 15
j BALANCED STORM HOURLY RAINFALL
J‘ (Inches)
Recurrence Interval
Hour l-Year 2-Year 5-Year Class 90 Class 95

1 0.95 1.15 1.50 .27 .47
2 0.30 0.35 0.40 .09 15
3 0.27 0.30 0.40 .05 .10
4 0.17 0.30 0.24 .05 .08
5 0.13 0.21 0.21 .04 .07
6 0.10 0.12 0.15 .03 .06
7 0.10 0.11 0.12 .03 .04
8 0.08 0.10 0.09 .02 .04
9 0.08 0.10 0.08 02 - .03
10 0.08 0.09 0.08 .02 .03
11 0.08 0.09 0.08 .01 .02
12 0.07 0.08 0.07 .01 .02
13 0.07 0.03 0.06 .01 .02
14 0.04 0.01 0.06 .01 .02
15 0.03 0.01 0.06 .01 .02
16 0.03 0.01 0.05 .01 .02
17 0.02 0.01 0.05 .01 .01
18 0.02 0.01 0.04 .01 .01
19 0.02 0.01 0.04 .01 .01
20 0.02 0.01 0.03 .01 .01
21 0.01 0.03 .01
22 0.01 0.02 .01
23 0.01 0.02

24 0.01 0.02

25 0.01 0.02.
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Antecedent Dry Period

Observed rainfall records for several National
Weather Service stations within the study area were ana-
lyzed in order to determine the average period between
rainfall events. It was found that there are between
100 and 120 days per year in which precipitation occurs.
This translates to approximately three days between ev-
ents. For use in this study, this interval was expanded
to five days to more accurately account for the interval
between storms of 0.1 inch of precipitation or greater.

The "STORM" Model accepts the interval between
storms and, starting from a zero pollution accumulation
condition, builds up pollutants over that interval.

The assumption that the watershed is completely clean
before the pollution buildup is not totally accurate.
Based on a "STORM" Model analysis of 22 years of rain-
fall record from Boston, Massachusetts, performed on
the town of Framingham, Massachusetts, a 40 percent re-
sidual of a 5-day buildup was assumed to be the initial
pollution condition. This 40 percent residual corres-
ponds to the average annual value for all runoff events.
In essence, a 7-day accumulation of pollutants was used
as the design condition.

It is important to understand that the results of
the stormwater quality analysis are greatly influenced
by this value of the estimated antecedent accumulation
period - a period twice as long would produce pollutant
loads and concentrations twice as great, all other fac-
tors remaining constant.

Land Use
Land use data for present conditions was obtained

from the University of Massachusetts(42). The data was
developed with the aid of aerial-photographic methods
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and was presented in 100 land use categories. For this
% study, only five urban land categories were used, these
‘ being single-family residential, multifamily residential,
' commercial, industrial and urban open land. For each
town, the approximate area of the five urban land use
categories within each of its hydrologic divisions was
determined through analysis of U.S. Geological Survey
(USGS) quandrangle sheets and knowledge of the area.

w
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4 Projected land use data was obtained from a socio-
b economic study(43) for the subject area and the same

exercises that were performed on the present condition
q data were performed on this data.

Urban Land Surface Characteristics

Estimates of the degree of imperviousness of each
of the five urban land use categories are presented in
Table 16. This information was used in the computation
of the runoff coefficient used in the modified rational
method of runoff computation. The coefficient is weigh-
ted by area of each urban land use category and incor-
porates two runoff coefficients common to all land uses,
one for impervious surfaces (0.9) and one for pervious
surfaces (0.15). Runoff computed using the weighted
coefficient represents the hourly peak rate of runoff
from the urban land area only.

e The amount of depression storage, the capacity of
1 the watershed to retain water in puddles and depressions,
etc., was estimated from literature sources(41l) and
knowledge of the area, to be approximately 0.06 inches.
This amount was subtracted from the first hours of rain-
fall of each storm to approximate this watershed loss.

Curb densities (feet/acre) for each land use cate-
gory were developed through analysis of USGS quandrangle
sheets and knowledge of the area. It was found that the
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TABLE 16

DEGREE OF IMPERVIOUSNESS
£ : ~  BY LAND USE

Percent
Land Use Imperviousness
Single-family Residential 25
Multi-family Residential 45
Commercial 60
Industrial 80
Urban Open 10

i
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curb densities for each land use varied with the degree
of urbanization of the towns. Using residential densi-
ty as an index of urbanization, an analysis was made of
the relationship between curb density and land use type,
with the results presented in Table 17.

Estimates of the frequency and efficiency of street
sweeping operations for study area towns were made. The
"STORM" Model has the capability of adjusting pollutant
accumulation between rainfall events to reflect the re-
moval due to street sweeping. However, the antecedent
dry period in all cases, was less than the sweeping fre-
quency. Therefore, the design conditions for this study
did not include pollutant removal due to street cleaning
operations.

Dust and Dirt Accumulation and Composition

Default data was used for the development of the
urban stormwater runoff quality inventory, but not be-
fore a measure of confidence in the data was determined.
This was accomplished by checking the APWA Chicago Study
data(12) for dust and dirt buildup rates against similar
data collected in the cities of Atlanta, Baltimore,
Milwaukee and Seattle for the U.S. Environmental Pro-
tection Agency(40). Table 18 presents the results of
this analysis. Chicago data for the BODg fraction of
the dust and dirt was also checked using similar data
reported as composite average values of all cities
studied. The results of this comparison are presented
in Table 19. Both analyses showed that the Chicago data
compared fairly well with the data collected from other
cities around the country. This provided sufficient
justification for the use of the default data developed
during the Merrimack Study(44).
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_ TABLE 18
: DUST AND DIRT BUILDUP RATES
-3 (Ibs/day/100 £t curb)
! Land Use Category
[ Single- Multi-
= City Family Family Commercial Industrial
! Chicago 0.7 2.3 3.3 4.6
Atlanta 3.1 0.4 1.9 13.6
o
! Baltimore 2:5 9.7 0.6 3.2
é Milwaukee 2.0 11.8 4.0 21.2
1 Seattle 2.5 2.4 1.3 4.8
5 Median Value 2.5 2.4 1.9 4.8
.
1
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TABLE 19
BOD FRACTION OF DUST AND DIRT
(milligrams/gram)
Land Use Category
Residential
Single- Multi-
Reference General* Family Family Commercial 1Industrial
Table 7(40) 13.4 19.3 12.0 21.8
Table 45(40) 12.7 11.6 10.4
Table 46(40) 8.5 7.6 A |
APWA, Chicago 18.2 11.8 25.0 10.0

Study (12)
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*Reported as residential only and
includes both single- and multi-
family type uses.
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Results

Predicted concentrations and mass of suspended and
settleable solids, biochemical oxygen demand (5-day),
total nitrogen, and orthophosphate in the runoff were
determined for each design storm. Hourly values for
these parameters were given for each community and water-
shed in the study area. Similar data output was devel-
oped for each of the study years.

A sample data sheet presenting hourly pollutant
concentrations and loads (mass) contributed by the town

of Acton during the 5-year storm event under 2020 land
use conditions is shown on Figure 3.

DEVELOPMENT OF STORMWATER MANAGEMENT METHODOLOGY

Introduction

The urban area within each community is character-
ized by a high proportion of impervious or nearly im-
pervious surfaces which include impervious pathways for
guiding the flow of stormwater runoff. Over the surface,
stormwater flows in curbed gutters, lined channels, paved
parking areas, streets, etc.; and underground, in storm,
separate sanitary, and combined, sewers. The entire
drainage system includes all appurtenances that guide,
control or otherwise modify either the quantity, rate
of flow, or quality of runoff from urban drainage, such
as catch basins, storage basins, inlets, manholes, sedi-
ment traps, weirs, and outfall structures.

The urban drainage area as a whole is made up of
a number of subsystems consisting of surface elements,
each of which is characterized by its area, degree of
imperviousness, slope and certain coefficients that
relate to the area's production of runoff and its quality.
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The runoffs from the subsystems, in turn, become the
inputs to the storm sewer, or transport system, which
drains the urban area. These inputs may be described
in terms of a flow rate-time graph, or hydrograph; and
g a pollutant time graph, or pollutograph.

Figure 4 illustrates the input-output relationships
for a typical stormwater management system(45). Input
to the drainage area is comprised of rainfall that may
be described in terms of an intensity-time graph, or
rainfall hyetograph, as shown at the left in Figure 4(a).
b | Within the drainage area a certain mass of a quality
_ constituent, or pollutant, may exist at the outset of
/ the storm. The pollutant may be taken up or delivered
i by the flow at mass rates and concentrations that may

depend on the nature of the storm, the character of the
bt surface, and the sources of the pollutant, as shown at
&Y the right in Figure 4(a).

¥
e A—n -

The overland flow process modifies the rainfall
hyetograph by infiltration, surface retention, and tran-
sient storage so that at the inlet to the storm sewer,

a much modified hydrograph is observed, such as is shown
at the left in Figure 4(b). 1In addition, the combined
flow and quality processes produce an inlet pollutograph,
a time-concentration graph of a particular pollutant as
it leaves the surface runoff subsystem and enters the
storm sewer, as shown at the right in Figure 4(b). These

. two graphs, one of flow and the other of quality, com-

g prise the output of the surface runoff subsystem and
become the input to the storm sewer transport system(45).

The transport system, or storm drainage system, is
comprised of the physical works for conveying storm
waters and their associated pollutant loads from all of
the inlets in the system through a network of underground
conduits to a point, or points, of disposal. Enroute,
flow and quality are both modified by accretions to the

-
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;

PIGURE 4. Stormwater Management System Input-Output
Relationships
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system from other tributary areas and/or point sources
of pollution. 1In addition, flows and pollutant concen-
trations are attenuated in passing through the system,
the degree of modification depending on such factors as
system storage, off-line storage, phase relationships
of inflow hyetographs and pollutographs, and certain
properties of the system. The two inserts in Figure 4(c)
illustrate a typical set of outputs from the transport
system, a hydrograph and a pollutograph, that in turn
become inputs to tge receiving stream or stormwater
treatment facility.

£} .'»'.‘-

- —

g

Storm Runoff-Pollutograph Relationships

J Analysis of the storm runoff and pollutograph data

y showed that 90 to 95 percent of the 5-day BOD and Suspen-

: ded Solids were contained in the storm runoff preceeding
che maximum flow rate. This showed that the storm runoff

H was producing a "flushing" effect and that much of the

% pollutional matter would arrive at the receiving stream

in about 12 hours after the start of the 24-hour balanced

design storm.

Figure 5 shows the relationship of two mass pollu-
tographs to the storm runoff for the Town of Canton. As
shown by the figure, the storm runoff peak flow occurred
about 12 hours after the start of the l-year storm. The
mass curve plots for BOD and Suspended Solids show that
approximately 95% of these pollutants are contained in
the flow up to the time of the peak. The volume of run-
off up to the time of the peak flow is about 68% of the

B total runoff volume. These values are typical of the
"STORM" Model output for all communities in the study
area.

Figure 6 shows the relationship between storm class,
or frequency, and pollutant discharges. As shown by the
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figure, the total pounds of suspended solids discharged
from the drainage area ranged from 34.5% for the Class 90
storm, to 99% for the l-Year Return Frequency Storm, to
1008 for the 5-Year Storm. Similarly, the 5-day BOD dis-
charged from the community varied from 52.5% for the
Class 90 storm, to 99% for the l-Year Storm, to 100% for
for the 5-Year Storm. This indicates that the maximum
discharge of pollutants from storm runoff can be expected
from a l-Year Storm for all practical purposes. The

peak runoff from a drainage area for a given duration
storm can be expected to occur at the same time from the
start of the storm, regardless of the storm class or fre-
quency. The best cost-effective storm management will
probably be obtained by treating all of the storm flow
up to the peak flow rate for the l-Year Storm. This will
insure that 90-95% of the major pollutants, i.e. BOD, and
Suspended Solids, will be retained in storage for subse-
quent treatment. The l-Year Storm was selected as the
design storm for this study.

Other pollutant discharge data had also been pro-
vided by the "STORM" Model Computer Program; these in-
cluded pollutographs on settleable solids, nitrogen, and
orthophosphate. It was felt that treatment consideration
of suspended solids would also provide for the settleable
solids, and that treatment of storm flows for nutrient
removal would be extremely expensive. Thus, stormwater
treatment alternates for nitrogen or phosphate removal
were not developed for inclusion in the study.
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STORMWATER MANAGEMENT ALTERNATIVES

Methodolggx

Prior to the selection of stormwater treatment
alternatives, for use throughout the study area, a
watershed considered likely to offer a wide range in
treatment facility requirements was studied, the Charles
River Basin. A previous report(46) on the Charles River
Basin provided valuable information regarding this water-
shed particularly in respect to its drainage sub-areas.

The report showed that the watershed could be subdivided

into drainage sub-areas, each of which drained to a dif-
ferent voint on the Charles River and that the urban

areas in the watershed would logically drain in accord-

ance with topographical features, not political boundaries.
This indicated that limitations would have to be imposed

upon utilizing the "STORM" Model data, restricting its '
usage to a general purpose design and not specific, de-
finitive design.

When the general stormwater treatment requirements
for the Charles River Basin were taken into consideration
along with the information obtained from the analysis of
storm runoff-pollutographs, four stormwater management
alternatives were developed to handle all situations.

- The alternatives are shown schematically in Figure 7

: (with one exception, Alternate No. 1), and are briefly
described in Table 20. They are labelled Alternate 1,
Alternate 2, etc. :

Alternate No. 1l: No Treatment

; As indicated in Table 20, Alternate No. 1 is to be
: used where the drainage area is relatively small and

: the amount of pollutional matter is insignificant and
relatively harmless. This situation usually occurs
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TABLE 20

STORMWATER TREATMENT ALTERNATES

No.

Description

Conditions for Use

No Treatment

Storage & Pumping
to Existing Waste
Treatment Facility

Storage & Micro-
straining &
Disinfection

High Rate
Microstraining
& Disinfection

Used where drainage area is
very small and the amount of
pollutional matter is in-
significant or relatively
innocuous.

Used where it is feasible

to pump to an existing waste
treatment plant, provided
that the treatment plant

has adequate capacity to
treat storm flows over a

2 to 4 day period in addi-
tion to expected inflows.

Used where Alternate No. 2

cannot be utilized, particularly
in remote areas some distances

from an existing treatment
facility.

Used where real estate is
limited or too expensive
for installing storage
facilities
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where fringe towns are overlapped by two or more water-
sheds. Because such watershed overlapping of a town's
area takes place at the highest elevation in the water-
shed, the tributary area of interest must frequently be
drained by a small stream which later joins the main
watershed drainage stream. It was assumed that small
streams probably exert little pollutional effect on
larger rivers, hence, the "no treatment" alternate was
established. Careful land use policy could extend use
of this alternate for some time in the future.

Alternate No. 2: Storage and Pumping

In many areas it may be possible to simply store
the stormwater runoff immediately following a storm and
to pump it later to an existing wastewater treatment
facility for treatment. This alternative is next in
line to alternate 1 as far as cost is concerned. Since
many communities within the study area do have sanitary
sewers, this alternate should receive first consideration
wherever stormwater treatment is required. Of course,
the existing wastewater treatment facility should have
sufficient treatment capability to handle the stormwater
it receives, although such treatment may be performed
during periods of low flow at the plant over a 3 to 4
day period.

In the event that the treatment plant capacity is
relatively small, consideration should be given to ex-
panding the treatment capacity of the plant. Pollutant
removals will be similar to those normally experienced
;: the ;acility which are assumed to be as indicated in

gure 7.

Alternate No. 3: Storage, Filtration and Disinfection

In the event that Alternate 2 cannot be employed,
a stormwater treatment facility may be provided. The
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facility should be able to remove a reasonable amount of
pollutional matter, however, in view of the high storm
runoff that has to be treated and the requirement that
such stormwater treatment should proceed automatically
with no manpower attendance, the facility should be sim-
ple in design and operational requirements. As shown

by Figure 7, stormwater is first stored, then taken from
storage at a constant rate and passed through a micro-
strainer. The flow is then disinfected and discharged
to the receiving stream.

Figure 7 also presents estimates regarding pollu-
tant removals. These estimates represent a general
concensus of removal rates as given by the literature.
The storage lagoon is assumed to provide some treatment
through sedimentation.

Alternate No. 4: High Rate Filtration & Disinfection

As indicated by previous cited studies, the best

way to achieve reasonable stormwater treatment costs
is to incorporate storage with treatment. In some
situations, however, this may not be possible, especially
when land for stormwater storage is limited or very ex-
pensive. Alternate 4 is designed to handle the incoming
stormwater flow rate on a variable flow basis by pro-
viding high-rate microstraining filtration plus disin-
fection. The pollutant removals for this alternate

T are not as good as they are for Alternate 3 because of

’ the absence of the storage facility which aids consi-
derably in the treatment of stormwater. Figure 7
indicates estimates of pollutant removals using this
alternate.

Basis of Design Summary

Criteria and data employed or found useful in the
design of stormwater treatment facilities for the study

3
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area are presented in Table 21. These data are inte-
grated with the following discussion which presents
details on specific aspects of stormwater treatment
facilities.

Flow Regulations to Treatment Facility

Under the arrangement proposed to treat stormwater
runoff from an urban area for a design storm having a
return frequency of one year and a duration of 24 hours,
the stormwater runoff will be directed into a storage
lagoon which has a retention capacity equal to all storm
runoff from the start of the storm up to the time of the
peak flow rate. This stored runoff calculated from the
"STORM" Model output, would then receive treatment or
be transferred according to the alternate treatment
scheme considered suitable for the particular situation
at hand. Storm flow volumes exceeding the accumulated
volume for the design storm up to its peak flow rate
would not be stored for treatment. As explained pre-
viously, such flows would contain very little pollutant
matter since the "first flush" of the stormwater that is
stored will contain 90 to 95% of the BOD and suspended
solids. :

Since the stormwater from the design storm will
continue to enter the lagoon until the lagoon fills, only
a simple flow control structure is needed to divert the
stormwater. This could be a simple chamber fitted with
an overflow weir whose overflow elevation is equal to
the elevation of the desired lagoon capacity. Thus when
the proper lagoon depth is attained, excess stormwater
will simply spill over the weir and pass on to the receiv-
ing stream. A simple electrical control or probe could
be used to actuate valves to close and thereby prevent
further flows from entering the lagoon.

The above arrangement would be suitable for Alter-

nate treatment schemes 2 and 3. In the case of Alter-
nate 4, storage is not provided. The diversion structure
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TABLE 21

BASIS OF DESIGN-DATA SUMMARY

URBAN AREA DEVELOPMENT
Design Year

$or B gatien =

DESIGN STORM
Return Frequency
Duration, Hours
Intecedent Dry Period, days

- -

e -

AVERAGE NO. STORM EVENTS
Per Year

STORAGE LAGOONS
Capacity

Maximum Water Depth, ft.
% Freeboard, ft.

Dike Side Slopes, ratio
Pump Out Rate, days

1 FILTRATION EQUIPMENT
o Rotating Drum Type
Design Flow Rate, gpm/sf

Alt. No. 3:

Alt. No. 4:
Max. Flow Rate through High Rate
Microstrainer to be 75% of Max.
Class 95 Flow Rate

DISINFECTION
By On-Site Sodium Hypo-Chlorite
Generation
Chlorine Dosage, Applied, mg/l
Detention Time @ Peak Flow, min.

LAGOON DEBRIS & SLUDGE
Debris Disposal by Landfill
Lagoon Sludge to be Pumped
to Existing Sanitary Interceptor
Time for Lagoon Cleanup, days

96

2000

l-Year
24

50

25

3

Varies-See Text {
!
:
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3.

1
5

10

oy Sludge Produced = 1% Stormwater Flow Rate
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will direct flow to the filtration equipment, however,
only those flow rates which do not exceed 75% of the
maximum Class 95 stormwater flow rate will be treated.
Excess flows will spill over the overflow weir in the
flow control structure and pass untreated to the re-
ceiving stream.

Storage Lagoons

Storage facilities for stormwater management may
be constructed in-line or off-line; they may be open
or closed; and they may be located inland or at the
receiving stream shore. Storage facilities should have
a basic simplicity in design and operation. They should
be capable of responding without difficulty to inter-
mittent and random storm behavior. Because they are
capable of providing flow equalization at as low a rate
as possible, consistent with the objectives of treating
stormwater pollution, they are the most cost-effective
means available for management of urbar stormwater run-
off. Their principal drawbacks are the large land area
they may take up and their cost.

In this report, only off-line, open storage lagoons
are considered for stormwater management. The lagoons
will be designed to have a maximum water depth of 25
feet and a minimum freeboard of 3 feet. The lagoons will
have side slopes having a ratio of 3 to 1 and will be
constructed with an asphalt bottom surface so that debris
and sludge left behind after the treatment phase can be
swept up or moved by street cleaning type vehicles.

Microstrainers

The microstrainer uses finely woven stainless steel
mesh mounted on the periphery of a continusouly revolving
drum. The drum is partially submerged in the flowing
stormwater, the top of the drum rotating in air and being

. 97
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backwashed downwards into a trough placed inside the
microstrainer. Eackwash is continuous with water taken
from the downstream side of the drum, that is, the strained
effluent. The wastewater containing the intercepted
solids flows from the waste hopper to a conduit from
which it is removed for treatment at an existing waste

treatment facility.

Organic filming on the fabric mesh may be removed by
shock chlorination or use of UV equipment arranged
horizontally across the drum top. This eliminates bio-
logical slime by irradiation. The nature of the sus-
pended solids in storm flows indicates that the solids
are "noncompressible" (38) which produces a lower rate
of plugging. Consequently, it is possible to maintain
a higher flow rate than is normally achieved in tertiary
sewage treatment. Cperating heads have been increased
to a maximum of 24 inches for stormwater treatment be-
cause the microstrainers are in operation infrequently.
In the case of storm sewer overflow, which averages only
3% of the cperating time, 30 years of such intermittent
service would equal one year of continuous operation.

Design flow rates for microstrainers range from an
optimum maximum treatment rate of 10 gpm/sf to 45 gpm/sf
for high rate installations without storage facilities.

Disinfection

Disinfection of stormwater treated under Alternates
3 and 4 will be accomplished by on-site sodium hypochlor-
ite generation facilities. The sodium hypochloride is
produced from an electrochemical process requiring only
sea water or brine and electricity. These facilities
will eliminate the need to bring in liquid chlorine
which could pose a safety hazard to the sourrounding
area.

.98




ol s o sntiion

!

_—

Proposed Stormwater Management Facilities

The stormwater management requirements for each
community within the study area were determined and are
presented in the Appendix (Volume II of this Report).
Because sufficient data and information were not avail-
able regarding probable locations of treatment facilities,
availability of land for storage lagoons and treatment
plants, locations of existing and future storm and sani-
tary sewers, it was not possible to reliably specify the
treatment alternate that should defintely be used in a
particular community. Thus, where doubt existed as to
the choice of an alternate, a second and even a third
alternate are presented.

In the process of selecting treatment alternates,
there is a tendency to choose the simplest alternate,
No. 2, consisting of storage of the stormwater runoff
and pumping it later to an existing wastewater treatment
plant. There is substantial merit in using this alter-
nate; a simpler, more economical installation results;
the degree of treatment is the highest possible; sludge
disposal problems are reduced; and power consumption costs
for sodium hypochlorite generation facilities are elimi-
nated.

As indicated in the preface to the appendix in
Volume II, the treatment alternates, their code desig-
nations, and the treatment accorded are as follows.

Alternate Treatment
No. 1 (NT)* No treatment is required.
No. 2 (SP) Stormwater runoff is to be stored

in lagoons and pumped to existing
or future wastewater treatment
facilities over a 3 to 4 day period.
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No. 3 (SMD) Stormwater is to be stored and
subsequently treated by micro-
staining and disinfection over
a 3 to 4 day period.

No. 4 (MD) . Stormwater is to be treated as
it enters a stormwater treatment
facility by high rate microstaining
and disinfection.

*Denotes treatment code for alternate.

The treatment alternate finally chosen for each
community is shown in Table 22 along with a summary of
costs. In many cases the use of Alternate No. 2 was
not chosen because it was felt that a more realistic
stormwater management program should include specific
stormwater treatment facilities such as those provided
by Alternates 3 or 4. Only in cases where there was
substantial belief that storage with pumping provided
the best way to manage the stormwater problem was
Alternate No. 2 employed.

As indicated in the Appendix and in Table 22, the
stormwater management alternates, initially and finally
chosen for the communities, appear, in general, to be
dependent upon the character of the community and its
location in the watershed. Communities located up-
stream usually have low population densities. These
communities are rural-type in nature and are considered
to be likely candidates for Alternates 1 (no treatment),
and 2 (storage and pumping), because they probably would
have land available for storage lagoons and also because
their urban areas are usually unbothered by high density
vehicular traffic and high population activity. Also,
these areas would probably produce stormwater runoffs
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which are less pollutant intensive than the more densely
settled communities having high amounts of commercial
and industrial activities.

The densely settled communities would probably
not have much land available for stormwater storage
and any land useful for such purposes would probably
be very expensive. Stormwater alternates for these
communities would probably be limited to Alternate 2;
3, (storage, microstraining, and disinfection); and 4,
(high rate microstraining or filtration and disinfection),
with the latter of the 3 probably dominating. ;

In between the two types of communities described
above would be the usual suburban, "bedroom" type
community. In this type of community, Alternates 2
and 3 probably would be used most with an occasional
use of Alternate 4.

Those communities in watersheds near the ocean,
some of which are described as "locals," probably would
use Alternate 3 or 4 because they are not densely settled
and their urban area runoff would probably have low pollu-
tion intensity.

As mentioned above, the selection of a definite
alternate for a given community was rather arbitrary,
however, as much care as possible was taken in selecting
the alternates for a given watershed so that each water-
shed might have the proper "mix" of Alternates and there-
by assure a truer picture of stormwater management costs.

COSTS FOR STORMWATER MANAGEMENT IN STUDY AREA
Table 22 presents a summary of all stormwater
management costs for the study area watersheds by com-

munity. Costs for each community alternate were deter-
mined from cost curves which were specially prepared for

. 101




TABLE 22

SUMMARY OF STORMWATER MANAGEMENT COSTS

FOR STUDY AREA WATERSHEDS BY COMMUNITY

ot oot M triticarn. i

.
5 Annual
: Capital o&M Treatment
1 Treat- Costs Costs Costs
9 ment* ($1,000) ($1,000) (¢/1000 gal)
®
1 ASSABET RIVER
Acton SMD 6,000 410 9.9
H Berlin SMD 2,250 80 16.0
Bolton SMD 2,150 70 16.5
Boxborough SMD 1,500 35 22.3
. Boylston NT - - -
N Carlisle SMD 1,950 55 17.4
Clinton NT - - -
Concord SMD 2,350 85 14.6
Grafton NT - - -
Harvard NT - - -
Hudson SMD 3,125 140 12.5
g Littleton SMD 1,950 55 16.9
Marlborough SMD 2,350 85 14.5
Maynard SMD 2,200 75 16.5
Northborough SMD 3,040 135 12.8
Shrewsbury SMD 2,350 85 15.0
Stow SMD 2,250 80 14.9
Sudbury SsP 250 5 6.6
Westborough SMD 2,250 80 14.8
i Westford SP 250 5 7.1
i
i TOTAL 36,235 1,480 13.4

*Treatment Alternates=
NT = No Treatment
SP = Storage & Pumping
T SMD = Storage, Microstraining, Disinfection
MD = High Rate Microstraining, Disinfection
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TABLE 22 (Cont.)

! Annual

! Capital o&M Treatment
y Treat- Costs Costs Costs

1 ment* ($1,000) ($1,000) (¢/1000 gal)
1

i BEVERLY HARBOR

3 Beverly SMD 3,750 195 11.6

1 Danvers SMD 4,125 130 11.1
R Lynn NT - - »
% Lynnfield NT - - -

v Peabody SMD 4,675 275 10.7
H Salem SMD 1,800 45 18.4

Wenham NT - - -

o TOTAL 14,350 745 11.5

BLACKSTONE RIVER

Bellingham SMD 2,250 80 14.6
Franklin NT - - -
Hopkinton NT - - -
Milford NT - - -
Westborough NT - - -
Wrentham SP 290 6 6.8
- TOTAL 2,540 86 13.1
t CHARLES RIVER
Arlington SP 160 3 10.1
Ashland NT - - -
Bellingham SMD 2,000 70 16.2
Belmont SMD 1,700 40 18.0
Dedham SMD 2,650 110 12.9
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TABLE 22 (Cont.)

i Annual
1 Capital O&M Treatment
1 Treat- Costs Costs Costs
1 ment* ($1,000) ($1,000) (¢/1000 gal)
i
{ Dover SMD 2,600 120 16.8
3 Franklin SMD 3,500 170 12.1
A Holliston SMD 3,400 170 12.2
1 Hopedale NT - - -
1 Hopkinton NT - - -
v Lexington SMD 2,500 100 13.8
L Lincoln SMD 2,150 75 15.0
Medfield SMD 3,000 135 12.9
Medway SMD 2,600 105 13.4
3 Mendon NT - - -
Milford SMD 2,850 125 9.1
; Millis SMD 2,300 82 14.0
1 Natick SMD 2,800 125 12.9
3 Needham SMD 4,500 270 11.0
! Newton SMD 6,200 420 9.7
Norfolk SMD 4,200 235 11.2
Sherborn SMD 3,100 140 12.7
Somerville SMD 1,750 41 17.6
Walpole NT - - =
Waltham SMD 5,400 350 10.2
Watertown SMD 2,200 75 14.9
Wayland NT - - =
Wellesley SMD 4,400 245 11.1
Weston SMD 2,850 125 12.7
Westwood SMD 1,800 65 16.8
Wrentham SMD 1,900 i AR 17.1

TOTAL 72,510 3,471 12.2




TABLE 22 (Cont.)

Annual
Capital Oo&M Treatment
Treat- Costs Costs Costs

ment* ($1,000) ($1,000) (¢/1000 gal)

CHELSEA RIVER

Everett NT - - -
Revere SMD 1,250 24 26.3
TOTAL 1,250 24 26.3

CONCORD RIVER

Bedford SMD 2,000 60 17.2

Billerica SMD 3,475 170 11.8

Carlisle SMD 2,450 90 14.4

Chelmsford SMD 4,300 245 10.5

Concord SMD 2,000 60 16.8

Lincoln NT - - -

Lowell SMD 3,100 140 12.9

Tewksbury SP 260 5 6.9

Westford SP 150 3 9.5

TOTAL 17,735 773 12.6

ESSEX BAY

Beverly NT ~ . -

Essex SMD 2,000 60 16.3

Gloucester SP 200 5 8.4

Hamilton NT - - -

Ipswich NT - “ -

Wenham NT - - -

TOTAL 2,200 65 15.1
|
|
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GLOUCESTER HARBOR-
ANNISQUAM RIVER

Gloucester
Rockport

TOTAL

IPSWICH RIVER

Andover
Beverly
Billerica
Boxford
Burlington

Danvers
Hamilton
Ipswich
Lynnfield
Middleton

North Andover
North Reading
Peabody
Reading

Tewksbury
Topsfield
Wenham
Wilmington

TOTAL

TABLE 22 (Cont.)

Annual

Capital Oo&M Treatment
Treat- Costs Costs Costs
ment* ($1,000) ($1,000) (¢/1000 gal)
SMD 3,200 150 12.9
NT - - -

3,200 150 12.5
SP 325 7 6.8
SMD 2,250 80 . 14.9
NT - = -
SMD 2,750 110 13.8
SMD 2,500 100 14.5
SMD 1,900 55 18.5
SMD 2,750 110 13.1
SMD 3,750 195 11.7
NT - - -
SMD 4,475 255 10.9
SMD 1,400 30 21.4
SMD 3,200 150 12.7
SMD 1,950 55 17.2
SMD 1,900 55 18.0
NT - s o
SMD 3,000 130 12.9
SMD 2,250 80 14.7
SMD 4,850 100 14.5

39,250 1,627 12.7
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TABLE 22 (Cont.)

Annual
Capital O&M Treatment
Treat- Costs Costs Costs

ment* ($1,000) ($1,000) (¢/1000 gal)

LOCAL NO. 1 CAPE ANN

Gloucester SMD 1,500 35 19.8
Rockport SMD 2,425 85 14.7
TOTAL 3,925 120 16.2

LOCAL NO. 2 MANCHESTER HARBOR AREA

Beverly SMD 1,400 30 20.9
Gloucester SP 250 5 7.6
Manchester SMD 2,900 125 12.8
Wenham NT - - -
TOTAL 4,550 160 13.8

LOCAL NO. 3 MARBLEHEAD HARBOR-LYNN HARBOR AREA

Lynn SMD 2,650 105 3.7
Marblehead SMD 2,050 60 17.0
Nahant SP 325 7 7.2
Swampscott SMD 1,950 55 16.9
TOTAL 6,975 227 14.7

LOCAL NO. 4 BOSTON HARBOR

Revere SP 325 7 7.0
Winthrop MD 1,750 88 35.8
TOTAL 2,075 95 23.6
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TABLE 22 (Cont.)

Annual
Capital o&M Treatment
Treat- Costs Costs Costs
ment* ($1,000) ($1,000) (¢/1000 gal)
LOCAL NO. 6 J)LUINCY BAY
Milton SP 200 5 9.3
Quincy SMD 2,525 100 13.6
TOTAL 2,725 105 13.2
LOCAL NO. 7 HINGHAM HARBOR-HULL BAY
Cohasset SP 290 6 6.6
Hingham SMD 3,750 195 11.7
Hull SMD 1,850 55 19.2
Norwell NT & 3 St
Rockland NT - - -
Weymouth SP 200 5 7.6
TOTAL 6,090 261 12.5
LOCAL NO. 8 COHASSET HARBOR-SCITUATE HARBOR
Cohasset SMD 2,800 115 13.0
Norwell NT - - -
~s Scituate SMD 4,000 210 11.3
TOTAL 6,800 325 11.9
LOCAL NO. 9 GREEN HARBOR-DUXBURY BAY
Duxbury SMD 3,400 165 11.8
Marshfield SMD 2,000 60 16.6
Pembroke NT - - -
TOTAL 5,400 225 13.0
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MERRIMACK RIVER

Boxford
Chelmsford
Tewksbury
Westford

TOTAL

MYSTIC RIVER

Arlington
Belmont
Burlington
Everett
Lexington

Malden
Medford
Melrose
Reading
Somerville

Stoneham
Wakefield
Watertown
Wilmington
Winchester
Woburn

TOTAL

PRI

TABLE 22 (Cont.)

Annual
Capital o&M Treatment
Treat- Costs Costs Costs
ment* ($1,000) ($1,000) (¢/1000 gal)
SP 150 3 9.9
SMD 1,800 50 19.0
SMD 1,900 55 18.2
NT = = =
3,850 108 15.9
SMD 3,000 130 13.1
SMD 2,200 70 15.5
SMD 1,500 35 21.5
SMD 2,100 65 16.4
SMD 2,250 80 14.6
SMD 2,200 70 15.3
SMD 3,400 165 11.9
SMD 2,350 85 14.9
SMD 2,100 65 1553
SMD 2,000 60 16.4
SMD 2,750 110 12.7
SMD 2,150 70 16.6
SMD 1,130 19 28.2
NT = - -
SMD 2,750 110 13.2
SMD 5,000 300 10.5
36,880 1,434 13.7
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TABLE 22 (Cont.)

Annual
Capital O&M Treatment
Treat- Costs Costs Costs

ment* ($1,000) ($1,000) (¢/1000 gal)

NEPONSET RIVER

Canton SMD 4,650 275 10.8
Dedham SMD 2,900 120 13.1
Dover SP 275 7 6.5
Foxborough SMD 1,500 35 21.6
Medfield SMD 1,350 30 24.2
Milton SMD 4,100 225 11.3
Norwood SMD 4,200 235 11.2
Quincy SMD 1,950 55 17.2
Randolph SP 150 3 9.7
Sharon SMD 5,650 365 10.1
Stoughton SMD 3,650 190 11.8
Walpole SMD 4,400 250 10.9
Westwood : SMD 3,350 160 12.4
TOTAL 38,125 1,950 11.6

NORTH RIVER

Abington SMD 1,350 30 25.1
Duxbury NT - = -

Hanover SMD 4,100 225 1.3
Hanson SMD 2,175 70 16.0
Marshfield SMD 2,500 100 14.5
Norwell SMD 3,000 130 12.8
Pembroke SMD 3,100 140 12.9
Rockland SMD 2,650 105 13.4
Scituate SMD 1,500 35 19.4
Weymouth NT - - -

TOTAL 20,375 835 13.6
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TABLE 22 (Cont.)

Annual
Capital O&M Treatment

Treat- Costs Costs Costs

ment* ($1,000) ($1,000) (¢/1000 gal)
PARKER RIVER
Boxford NT = - =
Ipswich SP 150 3 11.4
TOTAL 150 3 11.4
ROWLEY RIVER
Ipswich SMD 2,500 120 15.5
TOTAL 2,500 120 15.5
SALEM HARBOR
Lynn NT = = =
Marblehead SMD 1,450 35 23.5
Salem SMD 2,500 120 22.5
Swampscott SP . 190 4 10.5
TOTAL 4,140 159 21.8
SAUGUS RIVER
Everett NT = = o
Lynn SMD 2,250 80 15.4
Lynnfield SMD 2,800 115 12.6
Malden SMD 1,850 55 19.1
Melrose SP 450 10 6.6
Reading SMD 2,350 85 14.9
Revere SMD 2,350 85 14.5
Saugus SMD 3,400 165 11.9
Wakefield SMD 2,450 920 14.8
TOTAL 17,900 685 13.7
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TABLE 22 (Cont.)

Annual
Capital o&M Treatment

Treat- Costs Costs Costs

ment¥ ($1,000) ($1,000) (¢/1000 gal)
SHAWSHEEN RIVER
Andover SMD 5,100 320 10.5
Bedford SMD 4,750 280 10.5
Billerica SMD 3,100 140 12.3
Burlington SMD 4,200 235 10.9
Corcord SMD 1,350 30 23.8
Lawrence SMD 1,300 25 24.4
Lexington SMD 3,200 150 12.4
Lincoln SMD 1,800 50 19.4
North Andover SMD 1,650 40 19.5
Tewksbury SMD 3,750 195 11.7
Wilmington SpP 350 8 6.9
Woburn NT - = -
TOTAL 30,550 1,473 14.6
SOUTH RIVER
Duxbury Sp 325 7 7.0
Marshfield SMD 3,000 140 12.5
Scituate NT - - -
TOTAL 3,325 147 11.8
STONY BROOK
Boxborough SP 300 6 6.8
Chelmsford SMD 2,250 80 15.7
Harvard NT - - -
Littleton SMD 2,250 80 14.7
Westford SMD 4,250 235 16.8
TOTAL 9,050 401 15.4
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TABLE 22 (Cont.)

] Annual
# Capital 0&M Treatment
‘ Treat- Costs Costs Costs

ment* ($1,000) ($1,000) (¢/1000 gal)

-

.

3 SUDBURY RIVER

A Ashland SMD 2,925 125 13.1

1 Concord SMD 2,500 120 23.0

, Framingham SMD 7,100 520 9.4

, Hopkinton SMD 2,800 115 13.2

i Hudson NT - R o
Lincoln SP 260 5 6.5
Marlborough SMD 3,450 165 12.1
Natick SMD 3,500 175 11.8
Northborough NT - - -
Sherborn SP 275 6 7.8
Southborough SMD 3,050 135 12.8
Sudbury SMD 5,000 310 10.4
Wayland SMD 4,500 265 10.9
Westborough SMD 3,750 195 11.7
Weston SP 240 4 7.4
TOTAL 39,350 2,140 11.3

TAUNTON RIVER

Avon SMD 2,000 60 17.2
Holbrook NT - - -

} Pembroke NT = = =

: Rockland NT - - -

: Sharon SMD 1,500 35 20.7
Stoughton SMD 1,800 50 18.0
Wrentham SMD 1,850 55 17.9
TOTAL 7,150 200 18.2
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TABLE 22 (Cont.)

i Annual
’ Capital o&M Treatment
1 Treat- Costs Costs Costs

ment* ($1,000) ($1,000) (¢/1000 gal)

WEYMOUTH BACK RIVER

Abington NT # - -

1 Braintree NT - - -
3 Hingham SMD 2,250 80 14.5

) Holbrook NT = - -
. Rockland SsP 375 9 6.8
3 Weymouth SMD 4,250 235 11.1
TOTAL 6,875 324 11.6

WEYMOUTH FORE RIVER

Avon NT = - -
Braintree SMD 4,850 290 10.4

Brockton NT - - -

Canton NT = - -
Holbrook SMD 2,525 100 13.9

Milton NT - - -
Quincy SMD 3,625 185 11.8
2 Randolph SMD 3,750 193 11.5

1 Stoughton NT - - -
4 Weymouth SMD 2,250 80 14.7
TOTAL 17,000 848 11.8

TOTAL COSTS FOR STUDY AREA
Total Capital Costs $465,030,000
§ Total Annua'! O & M Costs $ 55,865,800
Avg. Treatment Cost, ¢/1000 gals. 12.9
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the study by estimating the costs for modular facilities
which bracketed the expected range of design flows.
Facilities having at least 3 flow rates were used to
construct each curve for each alternate requiring treat-
ment. These covered the high, low, and middle flow
ranges which the alternate was to cover.

Each cost includes a contingency factor of 35% to
cover construction contingencies, engineering design and
supervision, and legal and administrative costs. Al’
costs are adjusted to reflect an ENR Cost Index of -

In determining annual costs, amortization of treatment
facilities was assumed over a 25 year period with interest
at 5 5/8%. Figures 8 through 16 show cost curves for the
three alternate schemes which employ treatment of the
stormwater.

Estimates for capital and operation and maintenance
costs were developed using the most recent cost informa-
tion available from projects of comparable magnitude.
Because much of the cost estimating for the report is
dependent upon assumptions regarding treatment facility
sites, land costs, etc., the costs presented can be des-
cribed as being only probably average costs exclusive
of recent inflationary trends. Actual costs may vary
as much as 40% from average costs depending upon design
requirements, construction site conditions, and perhaps
most important of all, the economic climate at the time
construction bids are taken(4). Preliminary construc-
tion cost estimates of the type made for this report do
not allow for extraordinary costs such as those related
to rock excavation, site dewatering, or the use of piling.
Such costs cannot be foreseen or accounted for without
making thorough field investigations. Such investigations
are beyond the scope of this report.
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FIGURE 8. CAPITAL COSTS FOR ALTERNATE NO. 2,
STORAGE & PUMPING
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ENR Index = 2200

Capital Cost, $1,000,000

} 0 20 40 60 80 100 120

Design Flow, MGD

FIGURE 9. CAPITAL COSTS FOR ALTERNATE NO. 3,
STORAGE, MICROSTRAINING & DISINFECTION
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FIGURE 10. CAPITAL COSTS FOR ALTERNATE NO. 4,
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ENR Index = 2200
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Operation & Maintenance Costs, $1,000
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FIGURE 11. ANNUAL O & M COSTS FOR ALTERNATE NO. 2
STORAGE & PUMPING
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Operation & Maintenance Costs, $1,000

800 v
ENR Index = 2200
600 1
//
400} o
. -}
0 20 40 60 80 100

Design Flow, MGD

FIGURE 12. ANNUAL O & M COSTS FOR ALTERNATE NO. 3,
STORAGE, NICRGSTRAINING, DISINFECTION

120

i S A AN B B

TN TR

S




ENR Index = 2200

©
g: 1.6 <
©
S 1.4 4
-
o
- 1.24
[
o)
3
0o 1.0 .
]
(7]
g 0.8 .
&
i 0.6-'
&
c 0.‘-
o
bt
§' 0.2 4
bR B 4 } } ~+ $

t 0 200 400 600 800 1,000 1,200

Design Flow, MGD
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Capital Costs

Capital costs for stormwater management include
costs for land, flow control structures, pumping sta-
tions, storage lagoons, microstraining equipment, dis-
infection facilities, and suitable sheltering structures,
where such items apply in treatment alternate schemes.

No cost allowances are made for extensions of sewerage
systems or construction of force mains which transport
sludges to the sanitary system. Land costs are estima-
ted at $10,000 per acre as an average for the study area.

Table 22 lists the capital costs for each watershed
by community. The costs range from nothing, where no
treatment is employed, to a maximum of $6,200,000 for
the city of Newton in the Charles River Basin. Most of
the treatment facilities listed in Table 22 utilize
Alternate No. 3 which consists of storage, microstraining,
and disinfection. As indicated in the Table, costs for
such facilities generally range from $2,000,000 to
$3,000,000. The maximum capital cost for any waterhsed
is $72,510,000. The total capital costs for all commu-
nities in the study area are $465,030,000.

Operation and Maintenance Costs

Annual operation and maintenance costs include
costs for manpower, clean-up equipment and vehicles,
power, salt, maintenance and repair. Manpower require-
ments are estimated on the basis of modular facilities.
Treatment flow rates are estimated to average 50% of
the peak l-year storm flow rate and each facility is
estimated to be activated 50 times annually. Power costs
are estimated at $0.041/KWH (Boston Edison Commercial
Rate). Microstrainer maintenance is estimated at $0.019/
1000 gallons. Amortization of facilities is assumed over
a 25-year period with interest rates at 5 5/8%.
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Annual operation and maintenance costs are listed

in Table 22 for each watershed by community. These costs
range from nothing, where no treatment is employed, to a
maximum of $420,000 for the city of Newton in the Charles
River Basin. Most of the operation and maintenance costs
range from about $50,000 to $200,000 per year. The maxi-
mum O & M costs for any watershed is $3,471,000. Total
annual operation and maintenance costs for all communities
in the study area are $55,865,800.

Treatment costs per 1000 gallons were found to
average 12.9¢ for the study area. Some treatment costs
are as high as' 35.8¢/1000 gallons where high rate micro-
straining (Alternate No. 4) is employed. In general,
treatment costs can be expected to range from about 10
to 18¢/1000 gallons.

Effects on Receiving Streams

The disposal of untreated stormwater with its con-
comitant pollutants can have deleterious effects on the
water quality in streams as previously mentioned. Con-
versely, the removal of these pollutants can have salu-
brious effects on receiving streams albeit such benefits
may be difficult to quantify or specify precisely. 1In
general, however, the state of the stream would be greatly
improved; it would become clearer, free of floating slicks,
;cum, and odors; and it would support desirable flora and

auna.

Because of its limited nature, this study is not
able to delve into the actual physical state of each re-
ceiving stream or water body and indicate how effective
stormwater management will benefit the stream specifi-
cally. However, in an effort to show what results the
stormwater management program advanced by this study
might attain, comparative illustrations have been pre-
pared for the principal watersheds in the study area
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showing the discharges of pollutants before and after
treatment. The pollutant discharges compared, Suspended
Solids and 5-day Biochemical Oxygen Demand (BOD), are
shown for 13 principal watersheds in Figures 17 through
55 along with maps of the respective river basins or
watersheds.

Data for the untreated pollutant discharges was
obtained from the "STORM" Model computer program. The
pollutant discharges after treatment were calculated
after arbitrary judgement was used to select the best
stormwater management that was possible by community.
This judgement was guided by one primary hypothesis: to
furnish the best treatment possible at the lowest possi-
ble cost. In many cases, the Alternate of choice was
No. 2, the use of storage lagoons followed by pumping
over 3 to 4 day period to an existing sanitary trunk
sewer.

The reasoning employed for illustrating the pollu-
tant discharge comparisons was not applied in the selec-
tion of the alternate treatment schemes as prescribed for
each community and indicated in Table 22. The former
assumed that the best possible treatment would be ob-
tained by each community; it is idealistic and at best,
presents an idea of the maximum removals that stormwater
management could be expected to attain in the various
watersheds.

On the other hand, the alternate selections indi-
cated in Table 22 were based on a form of statistical
selection to obtain what was considered to be a satis-
factory "mix" of alternates through each watershed. It
was hoped that this type of selection would give more
realistic costs for stormwater management. The pre-
dominant alternate in this selection process was No. 3
which employs storage, microstraining, and disinfection
for which the pollutant removals would be considerably
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‘ FIGURE 55
BOD DISCHARGE
TO WEYMOUTH FORE RIVER ._I_
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lower. Whereas BOD and Suspended Solids removals on

the order of 80 to 90% can be expected under idealistic
conditions employing storage and pumping, such removals
are on the order of 30% for BOD and 50% for Suspended
Solids when stormwater is stored, microstrained and dis-
infected. Thus, the removals of BOD and Suspended Solids
as presented in Figures 17 through 55 should be modified
if measures other than storage and pumping are to be
employed.

Future Requirements

Table 23 shows how the urban land portion of each
community within the study area is anticipated to increase.
The total area of each community is shown along with fore-
casted urban land development for the design year 2000 and
for future years 2020 and 2050. The percent increase in
urban land development over the design year 2000 is also
shown for each community.

The data show that a wide range in urban development
in particular watersheds can be expected ranging from a
decrease of 83%, for the town of Weymouth in the North
River Basin, to an increase of 644% for the town of Milford
in the Blackstone River Basin. The reasons for such extremes
are not specifically known, however, since both communities
are relatively small and partial sectors are involved, such
extremes should not be unexpected or unusual.

Analyzing the data by watersheds, which probably
gives a much more accurate picture, urban land develop-
ment ranges from a decrease of 14%, for the Salem Harbor
area, to an increase of 125% for the Blackstone River
Basin. In general, the data show that wide ranges in
urban land development will occur from watershed to water-
shed and from community to community within a particular
watershed.
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TABLE

23

URBAN LAND DEVELOPMENT WITHIN STUDY AREA

WATERSHEDS BY COMMUNITIES

Total Urban Area, Ac. ]
Community Area, Ac. 2050 Increase

ASSABET

Acton 12,998 6,674 7,806 8,280 24
Berlin 8,435 1,610 3,330 4,520 181
Bolton 9,875 1,341 2,347 3,792 183
Boxborough 4,960 696 1,484 2,152 209
Boylston 4,147 291 536 674 132
Carlisle 2,835 1,309 1,741 1,926 47
Clinton 460 225 150 155 -31
Concord 5,638 1,658 2,179 2,845 72
Grafton 908 - 178 216 648 264
Harvard 3,801 218 260 273 25
Hudson 6,220 2,970 3,843 4,011 35
Littleton 4,793 1,234 1,969 1,823 48
Marlborough 5,452 1,575 1,889 2,030 29
Maynard 3,424 1,302 1,583 1,727 33
Northborough 11,091 2,606 3,863 4,634 78
Shrewsbury 5,337 1,764 2,290 2,401 36
Stow 11,436 1,816 3,106 4,343 139
Sudbury 1,331 415 524 564 36
Westborough 5,312 1,249 1,516 1,671 34
Westford 4,224 413 681 872 111
TOTAL 112,677 29,544 41,313 49,342 67%
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TABLE 23 (Cont.)

Total Urban Area, Ac. %

: Community Area, Ac. 2000 2020 2050 Increase

B BEVERLY HARBOR

)

Beverly 5,516 3,669 4,251 4,225 15
Danvers 6,489 4,323 4,824 4,574 6
Lynn 44 44 44 38 -14
Lynnfield 160 46 54 53 15
Peabody 7,616 4,660 5,052 4,952 6
Salem 2,009 855 774 729 -15
Wenham 12 12 12 12 0
TOTAL 21,846 13,609 15,011 14,583 7%
BLACKSTONE RIVER
Bellingham 6,988 1,510 2,317 2,800 85
Franklin 1,606 93 102 117 26
Hopkinton 3,520 378 818 1,074 184
Milford 1,305 116 108 863 644
Westborough 166 12 15 11 8
Wrentham 4,384 364 491 672 85
TOTAL 17,969 2,473 3,851 5,537 124%
CHARLES RIVER
Arlington 244 140 177 115 -18
Ashland 358 121 129 196 62
Bellingham 5,081 1,274 1,306 1,582 24
Belmont 1,196 832 817 833 0
Dedham 4,620 2,144 2,158 1,962 8
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TABLE 23 (Cont.)
' Total Urban Area, Ac. %
! Community Area, Ac. 2000 2020 2050 Increase
i CHARLES RIVER (Cont.)
{ Dover 8,390 2,703 3,878 4,668 73
g Franklin 15,673 3,528 5,590 6,852 94
: Holliston 12,211 3,407 5,220 6,091 79
i Hopedale 633 316 393 328 4
1 Hopkinton 1,824 182 369 478 163
Y Lexington 3,142 2,284 2,466 2,740 20
K Lincoln 5,856 1,863 2,786 3,675 97
Medfield 7,264 2,786 3,947 4,388 58
Medway 7,462 2,078 3,176 3,838 85
é Mendon 185 155 185 185 19
* Milford 8,288 2,528 3,343 3,595 42
Millis 7,846 1,781 3,089 3,661 106
1 Natick 5,344 2,383 2,742 2,457 3
# Needham 8,160 4,879 5,593 5,553 14
Newton 11,731 8,152 6,064 8,160 0
Norfolk 9,804 4,372 5,419 5,925 36
Sherborn 8,953 2,908 4,045 4,726 63
Somerville 896 656 614 608 -7
Walpole 1,324 151 149 163 8
Waltham 8,652 5,789 55535 5,232 -10
Watertown 2,304 1,309 1,322 1,162 -11
Wayland 275 227 258 176 =22
Wellesley 6,726 5,078 4,863 4,598 =10
Weston 10,112 2,328 7,974 7,531 223
Westwood 2,470 1,259 979 940 -25
Wrentham 6,284 1,132 1,732 2,285 102
TOTAL 173,288 68,745 86,136 92,820 35%
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TABLE 23 (Cont.)

Total Urban Area, Ac. %
Community Area, Ac. 2000 2020 2050 Increase
CHELSEA RIVER
Everett 307 156 129 172 10
Revere 556 348 269 324 -7
TOTAL 863 504 398 496 -2%
CONCORD RIVER
Bedford 3,046 988 975 910 -8
Billerica 9,702 3,686 4,544 4,532 23
Carlisle 7,046 2,136 2,868 3,208 50
Chelmsford 11,475 5,278 6,523 6,629 26
Concord 5,164 1,195 1,625 2,083 74
Lincoln 326 128 199 255 99
Lowell 2,438 2,438 2,438 2,438 0
Tewksbury 1,004 294 294 326 11
Westford 2,259 192 309 389 103
TOTAL 42,460 16,335 19,775 20,770 27%
ESSEX BAY
Beverly 96 20 23 22 10
Essex 8,841 1,335 2,700 3,668 175
Gloucester 3,180 303 176 178 -41
Hamilton 1,600 216 353 419 94
Ipswich 2,048 123 157 175 42
Wenham 339 73 98 109 49
TOTAL 16,104 2,070 3,507 4,571 121
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TABLE 23 (Cont.)
1 Total Urban Area, Ac. %
i Community Area, Ac. 2000 2020 2050 Increase
i
t; GLOUCESTER HARBOR
b Gloucester 8,736 3,092 4,354 4,588 48
g Rockport 364 20 27 30 50
; TOTAL 9,100 3,112 4,381 4,618 48%
é IPSWICH RIVER
: Andover 3,276 547 613 648 18
Beverly 2,240 1,517 1,759 1,752 15
Billerica 384 78 47 48 -38
Boxford 9,504 2,524 3,990 5,311 110
Burlington 2,323 1,782 1,826 1,261 -29
Danvers 2,368 924 1,017 1,030 11
Hamilton 7,993 2,368 3,882 4,563 93
Ipswich 11,225 3,328 4,053 4,459 34
Lynnfield 1,817 326 417 436 34
Middleton 9,254 4,165 4,820 5,481 32
North Andover 10,777 734 796 942 26
North Reading 8,659 2,906 3,876 4,387 51
~ Peabody - 2,950 1,286 434 427 -67
Sl Reading 3,167 1,045 1,139 1,172 12
Tewksbury 217 142 121 129 -9
Topsfield 8,230 3,017 4,081 4,594 52
Wenham 4,774 1,781 2,372 2,565 44
Wilmington 9,497 4,797 5,459 5,708 19
: TOTAL 98,655 33,267 40,702 44,913  35%
g
§
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TABLE 23 (Cont.)

Total Urban Area, Ac. %
Community Area, Ac. 2000 2020 2050 Increase

LOCAL NO. 1

CAPE ANN

Gloucester 2,860 830 767 801 -3
Rockport 4,166 1,689 2,250 2,497 48
TOTAL 7,026 2,519 3,017 3,298 31%
LOCAL NO. 2

MANCHESTER HARBOR AREA

Beverly
Gloucester
Manchester
Wenham

TOTAL
LOCAL NO. 3

MARBLEHEAD HARBOR-
LYNN HARBOR AREA

Lynn
Harblehead
Nahant
Swampscott

TOTAL

1,977 625 7217 733 17
2,150 337 286 317 -6
4,204 2,980 3,789 3,232 8
127 72 98 109 51
8,458 4,014 4,897 4,391 9%

2,310 1,739 1,544 1,262 =27
1,881 1,219 1,164 1,183 -03

678 417 383 430 19
1,708 1,023 1,126 1,213 19

6,577 4,398 4,217 4,088 - 7%
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TABLE 23 {(Cont.)

B Total Urban Area, Ac. %
! Community Area, Ac. 2000 2020 2050 Increase
1
H
¥ LOCAL NO. 4
{ BOSTON HARBOR
§
4 Revere 755 339 318 309 -9
{ Winthrop 742 476 473 600 26
& TOTAL 1,497 815 791 909 12
f LOCAL NO. 6
‘ QUINCY BAY
Milton 422 222 219 221 0
Quincy 3,161 1,802 1,810 1,631 -9
TOTAL 3,583 2,024 2,029 1,852 -8%
LOCAL NO. 7
HINGHAM HARBOR-
HULL BAY
Cohasset . 1,689 433 525 486 12
Hingham 10,873 4,000 4,929 4,993 25
Hull 1,619 904 834 921 2
~ Norwell 761 174 157 226 30
3 Rockland 115 107 83 72 -33
Weymouth 569 274 220 220 -20
TOTAL 15,626 5,892 6,748 6,918 17%
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TABLE 23 (Cont)

: Tctal Urban Area, Ac. %
A Community Area, Ac. 2000 2020 2050 Increase
4
{ LOCAL NO. 8
{ COHASSET HARBOR-
i SCITUATE HARBOR
4 Cohasset 4,748 2,633 3,184 2,932 11
1 Norwell 1,600 170 152 232 41
3 Scituate 6,182 4,938 5,399 5,360 09
L
3 TOTAL 12,530 7,741 8,735 8,531 10%
LOCAL NO. 9
GREEN HARBOR-
DUXBURY BAY
Duxbury 10,054 3,817 4,694 5,444 43
Marshfield ] 4,288 1,218 2,311 2,321 91
Pembroke 3,168 317 387 304 -03
TOTAL 17,510 5,352 7,392 8,069 51%
MERRIMACK RIVER
Tw
Boxford 2,246 175 306 467 167
: Chelmsford 1,088 1,088 1,088 1,088 0
: Tewksbury 1,228 940 949 1,051 1
; Westford 3,142 42 56 65 33
' TOTAL 7,704 2,245 2,399 2,671 19%
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TABLE 23 (Cont.)
Total Urban Area, Ac. 3
Community Area, Ac. 2000 2020 2050 Increase

MYSTIC RIVER
Arlington 3,347 2,319 2,133 1,918 =17
Belmont z 1,785 1,350 1,224 1,245 -8
Burlington 1,280 615 482 447 =27
Everett 1,664 970 878 1,025 6
Lexington 3,193 1,825 2,180 2,453 34
Malden 1,792 1,209 1,063 927 =23
Medford 5,606 3,062 2,791 2,520 -18
Melrose 1,606 1,441 1,383 1,337 -2
Reading 1,536 1,321 1,268 1,298 -2
Somerville 1,740 962 912 906 -6
Wakefield 1,164 - 1,147 1,162 1,164 1
Watertown 364 316 314 287 -9
Wilmington 185 90 101 101 12
Winchester 4,019 2,435 2,452 2,337 -4
Woburn 8,012 5,362 5,458 4,901 -9
TOTAL 41,549 26,630 25,790 25,015 -6%
NEPONSET RIVER

Rae Canton 12,083 5,311 6,664 7,023 32
Dedham 2,284 2,024 2,055 1,925 -5
Dover 1,048 470 677 813 73
Foxborough 2,796 669 814 852 27
Medfield 2,028 570 812 892 56

176

A— S e i— ————




TABLE 23 (Cont.)

i Total Urban Area, Ac. %

' Community Area, Ac. 2000 2020 2050 Increase
{ NEPONSETT RIVER (Cont.)

; Milton 7,257 4,551 4,503 4,571 0
| Norwood 6,777 3,971 4,073 3,653 -8
i Quincy 1,600 915 910 810 -11
i Randolph 896 167 155 119 -29
: Sharon 10,297 5,754 6,402 7,017 22
5 Stoughton 5,056 3,368 -3,933 4,157 24
i Walpole 12,147 5,075 6,995 7,570 49
‘ Westwood 4,723 3,079 3,927 3,733 21
‘ TOTAL 69,352 35,920 41,920 43,135 20%

NORTH RIVER

i Abington 985 462 533 503 9
Duxbury 768 48 53 63 31

Hanover 10,003 4,415 5,282 5,687 29

i Hanson 4,192 1,661 2,703 3,082 86
| Marshfield 5,510 2,108 2,230 2,268 8
Norwell 11,289 2,839 3,712 4,511 59

S Pembroke 10,822 2,931 3,587 4,500 54

1 Rockland 5,555 2,076 2,273 2,134 3
Scituate 4,294 721 721 667 -7

Weymouth 236 169 29 29 -83

TOTAL 53,654 17,430 21,122 23,444 35%
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TABLE 23 (Cont.)

: Total Urban Area, Ad. %

: Community Area, Ac. 2000 2020 2050 Increase
i PARKER RIVER

§ Boxford 3,859 511 888 122277522
3 Ipswich 832 127 164 183 44

A TOTAL 4,691 678 1,052 1,405 107%

ROWLEY RIVER

Ipswich 7,238 1,649 2,012 2,216 34
TOTAL 7,238 1,649 2,012 2,216 34
o SALEM HARBOR
b Lynn 64 60 52 38 -37
X Marblehead 947 582 560 567 -3
. Salem 3,078 992 885 825 -17
1 Swampscott 275 143 155 92 -36
|
TOTAL 4,364 1,777 1,652 1,522 -14%

SAUGUS RIVER

Everett 428 325 298 342 5
Lynn 4,755 1,302 1,149 970 =25
Lynnfield 4,729 2,605 3,212 3,325 28
Malden 1,491 877 780 690 =21
Melrose 1,465 593 573 538 -9
Reading 1,600 1,581 1,551 1,591 1l
Revere 2,732 1,538 1,463 1,422 -8
Saugus 7,411 3,064 2,835 3,039 -1
Wakefield 3,884 1,806 2,045 2,101 16
TOTAL 28,495 - 13,691 13,906 14,018 2%
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TABLE 23 (Cont.)

Total Urban Area, Ac. &

: Community Area, Ac. 2000 2020 2050 Increase
4 SHAWSHEEN RIVER
i Andover ; 10,950 7,291 10,858 10,851 49
3 Bedford 5,817 4,710 4,633 4,734 1
Billerica 6,528 3,096 3,605 3,641 18
1 Burlington 4,000 4,000 4,000 3,998 0
| Corcord 857 343 435 672 96
: Lawrence 556 548 533 519 -5
i Lexington 4,307 3,235 3,792 3,814 18 <
, Lincoln 1,132 740 1,055 1,125 52
Ly North Andover 1,207 - 907 1,082 1,104 22
: Tewksbury 9,017 3,854 4,954 5,219 35
Wilmington 1,273 421 459 445 6
Woburn 313 34 9 8 76
TOTAL 45,857 29,179 35,415 36,130 24
SOUTH RIVER
Duxbury 4,864 452 523 603 33
Marshfield 8,454 3,125 3,117 3,175 2
) Scituate 448 157 310 398 154
TOTAL 13,766 3,734 3,950 4,176 12%
§
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TABLE 23 (Cont.)

: Total Urban Area, Ac. %
' Community Area, Ac. 2000 2020 2050 Increase
4 STONEY BROOK
{ Boxborough 1,696 512 888 1,302 154
i Chelmsford 2,131 1,633 1,942 1,967 20
4 Harvard 2,694 126 147 153 21
i Littleton 6,304 1,723 2,750 3,089 79
[ Westford 11,884 2,898 4,954 6,406 121
' TOTAL 24,709 6,892 10,681 12,917 87%
: SUDBURY RIVER
P-4 Ashland 7,936 2,183 3,352 3,616 66
% Concord 4,832 1,270 1,753 2,191 73
Framingham 16,345 9,824 10,675 10,406 6
Hopkinton 12,524 2,368 4,223 5,598 136
Hudson 1,337 16 21 22 38
Lincoln 2,233 441 678 870 97
Marlborough 8,588 3,102 3,824 4,057 31
Natick 4,889 3,199 3,757 3,507 10
Northborough 889 70 108 126 80
Sherborn 2,003 360 505 579 61
- Southborough 9,868 2,512 3,306 3,925 56
: Sudbury 14,348 6,742 8,779 9,613 43
Wayland 9,888 5,830 6,930 6,927 19
Westborough 8,288 3,324 4,057 4,642 40
Weston 998 334 434 403 21
TOTAL 104,966 41,575 52,402 53,501 29%
|
%
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1
p" TABLE 23 (Cont.)
Total Urban Area, Ac. %
4 Community Area, Ac. 2000 2020 2050 Increase
i TAUNTON RIVER
i Avon 2,240 1,176 1,505 1,570 34
i Holbrook 1,075 234 279 408 74
; Pembroke 832 244 296 375 54
3 Rockland 44 40 35 27  -32
1 Sharon 5,260 700 651 712 2
1 Stoughton 4,857 820 942 982 20
3 Wrentham 3,526 1,055 2,064 2,697 156
i
¥
! TOTAL 17,834 4,269 5,772 6,771 59%
WEYMOUTH BACK RIVER
Abington 96 95 49 44 -54
Braintree 454 48 54 54 13
: Hingham 2,700 1,549 1,606 1,708 10
1 Holbrook 576 64 71 169 164
Y Rockland 755 459 386 385 -16
: Weymouth 8,198 4,485 4,375 4,387 -2
TOTAL 12,779 6,700 6,541 6,747 1%
WEYMOUTH FORE RIVER
S Avon 640 169 160 160 0
¥ Braintree 8,768 5,177 5,704 5,790 12
H Brockton 204 44 44 40 -9
< Canton 320 108 127 132 22
i Holbrook 3,033 1,723 2,042 3,027 76
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TABLE 23 (Cont.)

Total Urban Area, Ac. $

! Community Area, Ac. 2000 2020 2050 Increase
|
WEYMOUTH FORE RIVER
; (Cont.)
l Milton 768 112 94 73 . =35

Quincy 5,888 2,920 2,818 2,529 -13
H Randolph 5.708 3,845 3,555 3,602 -6
] Stoughton 576 80 87 91 14
1 Weymouth 2,259 1,489 1,928 1,934 30
; TOTAL 28,164 15,667 16,559 17,387 11%
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Table 24, in a manner similar to Table 23, shows the
expected increase in the stormwater runoff pollutants,
suspended solids and BOD, from the design year 2000 to the
future in 2050. As in the case of the urban land develop-
ment data, the pollutant discharge data vary widely as to
changes with time.

It is difficult to assess how the forecasted urban
land development together with the associated increase (or
decrease) in pollutants will effect the performance of
stormwater management facilities constructed to fit the
needs of the study area for the year 2000. More infor-
mation must be known concerning where such increases
will take place within each community so that a detailed
study can be made with some degree of reliability.

In general, it can be said that in the vast majority
of cases there will be increases in the urban land de-
velopment by the year 2050 in those communities which
are only 40 to 50% developed or less by the year 2000,
and that pollutant concentrations will increase in pro-
position to the urban land development. The need for
additions to stormwater management facilities will vary,
however, there should not be any difficulty in arranging
to treat pollutant increases if careful throught is given
to the design needed for the year 2000.
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V. SUMMARY AND RECOMMENDATIONS
Summar

A stormwater management plan for Eastern Massachu-
setts is presented in accordance with the objectives and
scope delineated by the Corps of Engineers, NED. Data
regarding pollutant discharges, stormwater runoff, and
urban area development were furnished by the Corps of
Engineers through the use of a "STORM" Model computer
program; this data was provided for each community in the
study area. Because the data furnished was unsufficiently
detailed with respect to urban area locations and runoffs
from subdrainage areas in each community, only general
stormwater management results for each community were
obtained. However, these general results are sufficently
adequate to allow an overall evaluation of stormwater
management feasibility for the study area to be made.

Stormwater treatment aliernates for the study area
are proposed. Basically these consist of storage-treat-
ment schemes to obtain the most cost-effective management
system. Capital and operation and maintenance costs are
also provided.

Recommendations

In spite of the general character of the study, suf-
ficient knowledge has been gained to make constructive
recommendations concerning further development of a storm-
water management plan for Eastern Massachusetts. The
recommendations are as follows:

1. Efforts should be made to calibrate the existing
"STORM" Model computer program or to make adjustments to
the program through the use of field studies. Such studies
would include surveillance of flows at storm sewer inlets,
within storm sewer systems, and at storm sewer outfalls.
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2. Studies should be conducted in various water-
sheds to determine what variables should be used as input
to the "STORM" Model program.

3. The first "flush" theory should be tested by
field studies to determine if it actually occurs and
under what conditions.

4. The effects of storage and treatment of storm-
water runoff should be carefully studied to determine

which conditions limit or optimize this gstormwater manage-
ment method.

S. The effects of employing storage of storm water
runoff alone with slow release to the receiving stream
should be studied in the field.

6. The effects of stormwater on the water quality
in the stream should be studied to determine which are
the pollutional parameters of significance.

7. More study is required to determine how the
storage-treatment methodoloby can be applied to combined
sewer overflows.
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ADDENDUM A

Evaluation of a Stormwater Management Alternative
(Storage, Microstraining, Disinfection)

In the analysis described in the foregoing pages, four urban stormwater
management alternatives were proposed for the communities within the
Eastern Massachusetts Metropolitan Area. The reliability of the most
frequently recommended alternative - storage, microstraining and disin-
fection (SMD) - was evaluated using the complete version of the "STORM"
Model, One index town from the study area, Framingham, was used for the
analysis, The actual computer simulation work was performed by personnel
at the Corpe Hydrologic Engineering Center, Davis, California.

Design criteria for the SMD alternative were based on hydrologic and
climatologic conditions prevalent in the area. The storage lagoons were
sized to cepture all runoff up to the time of peak flow resulting from
the l-year rainfall event, and the pump-out rate was set at 3.5 days,
which is the approximate average period between precipitation evente.
Equivalent amounte of storage capacity, in terms of inches of runoff,
and treatment rate, in terms of inches of runoff per hour, will vary
with each town in the study area. For Framingham, these amounts figured
out to be a storage capacity of approximately 0.8 inch and a treatment
rate of approximately 0.0l inch per hour.

These values, together with other required data pertinent to the Town of
Framingham, were input to the "STORM" Model. The hietoric hourly rainfall
record for Boston's Logan Airport, spanning 22 years from 1948 to 1970,
was analyzed, Default valuee provided in the "STORM" Model for all run-
off pollutant variables were used,

The results of the analysis were very conclusive and encouraging. The
proposed stormwater management scheme would, on an annual basis, control

96 percent of all urban runoff volume and provide treatment of 98-99
percent of all pollutants. The average annual number of overflows from
storage would be a little more than one. These results are based on the
premise that treatment will commence as soon a& runoff reaches the treat-
ment facility, and storage is utilized as soon as the treatment rate is
exceeded, Any deviation from this operational scheme will have a measurable
effect upon the results obtained.,

One other significant conclusion can be drawn from the analysis. With
regard to storage utilization, it appears that the storage lagoons would
be free of water only 13 percent of the time., This is a result of the
rather large storage capacity.
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Further sensitivity analysis utilizing various combinations of treatment
rates and storage capacities will be necessary in later studies to deter-
mine the most efficient and cost-effective design.
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