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The U.S. Army Corps of Engineers, NED, in cooperation with several
agercies under the administration of the Technical Subcommittee on
Boston Harbor, is directing a segment of the Wastewater Management
Study for Eastern Massachusetts which proposed the utilization of land
application methods to further treat and mgke use of conventionally
treated wastewaters.

The entire wastewater management study for Eastern Massachusetts
consisted of five alternatives. Four of the conceptual alternatives
are being prepared under the direction of the Metropolitan District
Commission (MDC). These are labeled "Concept 1," etc. The land
application alternative is labeled "Concept 5" and may be considered
as a partial alternative to Concept L because it provides land applica=-
tion treatment for effluents from five of the regional waste treatment
plant locations described in Concept k.

The report presented herein constitutes the land-oriented treat-
ment system known as Concept 5.

After giving due consideration to this and the other proposed
alternatives, the Technical Subcommitte, which is made up of the Metro-
politan District Commission, the U.S. Army Corps of Engineers, the U,S.
Envirommental Protection Agency, the Metropolitan Area Planning Control,
the Department of Public Health, and the Resource Management Policy
Council, will decide which alternative or plan to adopt as the optimum
wastewater management system.

-
i

{
i
i
&
4
A

H
T R G e R N0 .5 A s U L N




et T AT N e Y G NNt s S Rl e 06 SR il s i Rk

TABLE OF CONTENTS

ter Title &_e_

I. INTRODUCTION

A. General : | ]
3 B. Purpose and Scope 2
E | C. Study Area 2 %
) » D, Other Regional Wastewater Management Studies :
1 in Eastern Massachusetts flv g ;
II., IDENTIFICATION OF POTENTIAL LAND APPLICATION AREAS j
AND DETERMINATION OF ACREAGES NEEDED ]
]
A. General 18 -'1
B. land Use 18 ]
C. Geological Data o4
D. Application Areas Required 31
E., Effluent Quality Lo
III., PROPOSED IAND WASTEWATER MANAGEMENT SYSTEM
g
]
A. General 42
B. Dusign of the Regional Wastewater Treatment
Facilities NN
C. Conveyance System 7
1. Mole Tunnel System 47 ';
2. High Pressure Transmission System 55 3
D. Management of Effluent Application 58 -?
& 1. Southeastern Massachusetts 58
; 2. Land Treatment in Hamilton, Ipswich and
1 Middleton 60
|
b ! E. Storage Facilities 60
{ F. Drainage and Collection Facilities 62
¥ | G. Spray Irrigation for Treatment of Wastewater
Effluents 66
| § H. Rapid Infiltration for Treatment of Wastewater :
. Effluent 80 1
&
i IV, PROPOSED SLUDGE MANAGEMENT
- 2
5 A. General 89
| : B. Sludge Conveyance System 91
| s C. Sludge Dewatering 91
; ; ﬁ D. Sludge Incineration 91
| E. Disposal of Screenings, Grit and Incinerator Ash ol

il




S s SRR

L
1
-

Ve

VI.

VII.

VIII.

COSTS

A. Methodology

B. Capital Cost
1. Wastewater Treatment Facilities Costs
2., Effluent Conveyance Systems
3. Land Application Facilities

C. Annual Operation and Maintenance Costs
1. Wastewater Treatment Facilities O & M Costs
2, Lffluent Conveyance System O & M Costs
3. Land Application Facilities O & M Costs
4. Sludge Conveyance and Disposal System

0 & M Costs

D, Capital Treatment Expense

E. Reuse Considerations

FUTURE REQUIREMENTS

CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions

B. Recommendations

LITERATURE CITED

iii

LA s A A A e i o e R Nl

107
104
107
107
110
110
110
110

110
115

118

120
121

122




S b o B B ’
e e S sl Bt i\

AL

B
1
4

8.
10.

1300
12.
13.
1L,
15.
16.
17.
18,
19.

e RN e Al B T B e e

LIST OF FIGURES

Title

Eastern Massachusetts Metropolitan Area

Low Flow Frequency Duration Graphs

Flow Duration Curves

Flow Duration Curves

Peak Discharge Frequency Curves

Low Flow Frequency Duration Curves

Soil Characteristics of Land Application Sites for Boston
Harbor-Eastern Massachusetts Metropolitan Area Waste
Manggement Plan

Potential Land Application Sites

Proposed Regional Sewage Treatment Configuration
Concept 5 Waste Management Plan Utilizing Land
Application

Land-Oriented Advanced Wastewater Treatment
Wobrun-Canton Mole Tunnel System

Typical Equalization Lagoon

Schematic Diagram of Sludge Conveyance System
Secondary Treatment Cost Curves

Vacuum Filtration Construction Costs

Sludge Incineration Costs

Pumping Station Costs

Gravity Sewer and Force Main Costs

a3
29
32

43

51
61

101
102
103
105
106

O

i e g




T

L Lo i s

SN R

ik S

v S 5 ae

* !K'

§
A
- .‘

9.
10.
11.
12.
13.
1k,
15.

16.
17.

18.

20.

21.
22.
23.
2k,
25.
26.
27

28.
29,

LIST OF TABLES

Title

Monthly Temperature Data

Monthly Precipitation Record

Monthly Runoff

Land Use for Communities in Boston Harbor-Eastern
Massachusetts Metropolitan Area Study

Soils Suitable for Wastewater Management

Land Requirements to Treat Projected 2000 and 2050

Wastewater Flows by Spray Irrigation or Rapid Infiltration

Meximum Acceptable Concentration for Elements in Irrigation

Waters Applied Continuously and Over a 20-Year Period
Proposed Regional Water Pollution Control Facilities
Discharging Effluents Directly to Receiving Streams or
Ocean

Design Deta Summary for Regional Water Pollution Control
Plants

Summary of Conduit Design Data for Mple Tunnel System
Mole Tunnel Lift Station Design Data

Design Data for Equalization Lagoons at Canton

Summary of Design Data for High Pressure Transmission
System

Design Data for Pump Stations

Surface Storage Lagoons

Design Criteria for Pumped Subsurface Drainage Systems
Annual Nutrient Additions to Spray Irrigation Sites for
Applications of 2.0 inches of Secondary Effluent per
Week

Crop Yields and Removals of Major and Secondary Nutrients

Phosphorous Additions as a Function of Time Under 2 inch/

Week Applications

Annual Inputs of Trace Nutrients Under 2 inches/ Week
Effluent Compared to Crop Uptake and Average Soil
Composition

Sludge Storage Capacities at Regional Treatment Plants
Summary of Capital Costs for Concept 5

Summary of Annual Operation and Maintenance Costs for
Concept 5

Manpower Requirements and Costs for Waste Treatment
Facilities

Power Requirements and Costs for Wastewater Treatment
Facilities

Materials, Chemicals and Supplies Costs for Major Waste
Treatment Facilities

Sumary of Operation and Maintenance Costs for Waste
Treatment Facilities

Removals of Constituents from Secondary Effluent Using
Land Treatment Methods

Summary of Wastewater Flows

45

52
53
5k

o
63
65

67

71

74
97
108

111

113
1Y

16
119

i TR




T T
o e it e ShE i

e

The national objectives of cle
vironment have made people realize tha

can no longer be dumped indiscriminately into our lakes, streams and

groundwater aquifers. Dumping raw or inadequately treated wastes to
our water resources by individuals or communities

which in turn degrade theq uality of surface water,

Ize soil has long been known as an effective decomposing systenm.
Animal ma ter, plant material and anima] manures, including human
eéxcrement, have been spread and worked into soils from time immemorial .
Thus plant nutrients have been recycled, essential soil micro-organisms
fed and soil structure maintained or improved. It has always been
essential that these wastes additions wer

€ not excessive, in order that
the renovation capability of the Plant-soil system was not exceeded,

Treatment of municipal and industrial wastes in facilities
constructed explicitly for this burpose are utilizeg by some New
England communities. At best, these systems are "secondary" treatment
facilities, which rémove settleable solids and oxidize organic matter
and nitrogenous compounds. Removal of nutrients ang very stable or

&s well as soluble ions require additional treatment methodologies,
i.e., advanced waste treatment Systems.,

An alternative to constructi
is that of using the vegetative-soil
and harvesting, as a means of further
growing crops on the land, wastewater nutrients are immediately recycled

into food production while stable organics and cations contained in the
wastewater are removed by the soil exchange complex.

ng advanced waste treatment plantg
ecosystem with ¢rop production
treating sewage effluent,

tank and leach field.
municipal and industria T many years
+ The large elaborate

the Muskegon, Michigan Project
). In these projects, waste-
n integral part of an agricultural operation
supplying the necessary nutrients and water for crop 8rowth, The

Santee project in California (33) and the Ric-Salata project in Phoenix,

Arizona (8) typify multiple use of rapid infiltration treatment facilities
and urban uge of reclaimed water,
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., determine the best solution for managing wastewater in the Eastern

Land treatment metholodogies considered in the Boston Harbor-
Eastern Massachusetts Metropolitan Area Wastewater Management Study
were spray irrigation and rapid infiltration. Each approach utilizes
the soil biological system to further renovate secondary treated waste-
water. Since abiotic and biotic processes differ in intensity between
various soils, the land treatment method considered and the management
procedures used must be carefully selected for the site and contemplated
land treatment approach to ensure acceptable wastewater renovation is
achieved and adverse impacts are minimized.

B. Purpose and Scope

i The purpose of this element of the Boston Harbor-Eastern Massa-
chusetts Metropolitan Area Wastewater Management Study is to explore
various possibilities of utilizing land application methods to provide
additional treatment of effluents from secondary treatment plants.

This is in keeping with the Federal Water Pollution Control Act Amend-
ments of 1972 and the expressed desires of the study participants to

Massachusetts Metropolitan Area. _

The principal features of the alternative presented here in-
clud2: (1) functional design of secondary treatment facilities; (2)
convayance system to transport secondary e ffluents to Canton; (3)
functional design for a tunnel 1lift pumping station, equalizing storage
lagoons, and high pressure pumping station at Canton; (4) a pressure
conduit conveyance system to transport the secondary effluent to storage
facilities at the land application sites, and (5) land application
facilities including effluent storage lagoons, pumping stations, land
areas to be utilized and methods of application. Sludges produced at
the five regional Water Pollution Control Facilities will be pumped
to the Dedham facility and incinerated. Energy will be recovered from
the heat generated by incineration of the sludge.

Capital and Operation and Maintenance Costs for the treatment
plants, interceptors and lands associated with the land application
systems are presented. All costs are projected to reflect a uniform
Engineering New Record Cost index of 2200 which was estimated to
reflect costs on 1 January 1975. #

C. The Study Area

The Boston Harbor-Eastern Massachusetts Metropolitan Area
Wastewater Management Study encompasses 109 cities and towns within
a 30-mile radius of the City of Boston (Figure 1). 1In 1970, some
3,129,200 people resided within this area of 1760 square miles. It is
projected that this population will rise to 3,800,000, 4,200,000 and
4,600,000 by the years 2000, 2020, and 2050 respectively.
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Of the 109 cities and towns in the study area, ¢9 are members
of the Metropolitan Area Planning Council. One community (Boxford)
lies within the jursidiction of the Merrimack Valley Planning Commission,
four are within the Jjurisdiction of the Northern Middlesex Area Commission
(Chelmsford, Billerica, Tewksbury, Westford), and three are within the
Central Massachusetts Regional Planning Commission jurisdiction (Berlin,
Northborough, and Westborough).

Forty-three communities are members of the Metropolitan Sewerage
District (MSD) for purposes of commonly collecting and treating their
wastewater. BEach municipality within the MSD is responsible for main-
tenance and operation of its own sewerage system prior to discharging
into the MSD trun¥ sewers. Each community is also subject to the rules
and regulations set forth by the Metropolitan District Commission. The
MSD system. consists of more than 200 miles of trunk sewers, covering
an area of approximately LOO square miles and serving approximately 2
million people. Except for wastewater discharged through combined
sewer overflows and/or discharged to surface waters, wastewater in the
MSD system receives primary treatment and chlorination at either Deer
Island or Nut Island treatment plants before it is discharged into
Boston Harbor. The entire MSD system is operating at full capacity,
approximately 44O mgd.

2

Surface waters in the Eastern Massachusetts Metropolitan Area
(Figure 1) consist of Boston Harbor, a large (47 square miles) relatively
shallow complex of bays and tidal estuaries, with 180 miles of t.idal
shoreline; plus three rivers of substantial length: Charles River :
(length 80 miles, drainage area 308 square miles), Neponset River
(length 30 miles, drainage area 120 square miles), and Mystic River
(length 17 miles, including its major tributary, the Aberjona River,
drainage area 69 square miles). Regions along the coast include:
river and tidal estuarine systems of the Ipswich, Pines and Saugus
Rivers; Gloucester, Beverly and Salem Harbors on the North Shore; and
the Jones, North and South Rivers and Gulf, Cohasset and Scituate
Harbors on the South Shore., The northwestern sector of the study
area is drained by the Sudbury, Assabet and Concord Rivers (SUASCO)
with a combined drainage area of LO7 square miles.

As the population of the Boston Harbor-Eastern Massachusetts
Metropolitan Study Area has continuously grown, the region has been
subjected to ever increasing amounts of municipal wastes and other
abuses. The Charles and Mystic Rivers have been impounded over con-
siderable portions of their length and now constitute a series of fresh-
water and brackish water lakes. This alteration of a river system
which in some cases ostensibly improves water quality by restricting
salt water incursion, has not been without its detrimental consequences.
Upstream pollutants are not effectively carried beyond dams. In the
Lower Mystic Lake and the Lower Charles River Basin, especially, touic
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materials have built up in the bottom waters over time. Installation

of primary sewage treatment facilities at Deer and Nut Island in Boston i
Harbor have transplanted much of the pollution load from these river
systems to marine waters, thereby alleviating some pressures. However,
overflow of sewage into the stormwater system (especially via combined
sewer systems) and scores of unidentified illicit discharges continue
to degrade freshwater quality within the study area.

i . The Boston Harbor-Eastern Massachusetts Metropolitan Area

1 north of the Cape Cod Canal lies in the Seaboard lowland subprovince
of the New England Physiographic Province. The bedrock of the area,
consisting chiefly of paleozoic and older igneous and metamorphic
rocks, is overlain by wide-spread unconsolidated deposits of glacial

4 origin. The topography is controlled by structural features which are

masked and modified by the mantle of glacial drift.

The entire ares is characterized by an irregular topography
of relatively flat lowlands, low rolling hills of unconsolidated glacial
material and exposures of bedrock. The higher hills are generally
bedrock outcrops or have a rock core overlain with glacial material.
The area slopes relatively gently in an easterly or southeasterly
direction where it drains to the Atlantic Ocean at Massachusetts Bay,
Buzzard's Bay or Narragensett Bay. The highest relief in the area
is found at its western border around Worcester and leicester where
elevations approach 1400 feet. Easterly the topography exhibits lower
relief as the land surface descends to the shoreline. The exception
to this general rule is the Blue Hills just south of Boston which rise
predominately to an elevation of 64O feet. Elevations of the surrounding
lands of Greater Boston and the SouthShore seldom exceed 300 feet with
most of the higher elevations seen to the west. Cape Cod and the Islands
exhibit a varied topography characterized in many places by relatively
sttep ridges meeting flat or gently sloping areas. The maximum relief
on the outer Cape is 150 feet while in the upper Cape near the Town
of Bourne, it reaches 300 feet. Glacially originated topographic
features include the many low spoon-shaped drumlin hills which dot the
area in which Bunker Hill is an example, and the stoney ridge shaped
"spine" of Middle Cape Cod which is the remnant of a terminal moraine
deposited during a period of still-stand of the most recent advance
of glacial ice.

o i Y
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The bedrock of the study area consists of igneous, sedimentary

- and metasedimentary, and metamorphic rocks mantled discontinously by
F | j unconsolidated deposits. The ages of the bedrock range from Precambrian

* to late Paleozoic with some minor volcanics of Triassic age also being
mapped. The predominate igneous rocks mapped are syenites, volcanics
and gabbrodiorites. Outcrops of sedimentary and metasedimentary rocks
are chiefly confined to the eastern and southeastern parts of the study
area in the Boston and Narragansett basins. Slates, argillites, and
conglomerates as well as some sandstones are mapped. Metemorphic rocks
exhibiting both foliated (phy_lites, schists and gneisses; and non-
foliated (quartzites) texture are abundant and outcrop in all parts of
the study area.

2
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The surficial geology of the study area is made up predominately
of glacial drift with some deposits of recent alluvium. Till is found
throughout the area and is the most abundant and wide-spread glacial
deposit. Stratified drift is common and is found principally in the
lower-lying flatter areas and is thickest along present or buired pre-
glacial stream valleys. Thick deposits of well-sorted, medium to
coarse grained stratified drift maske up the most productive aquifers
in the region.

Dreinage of the area was interrupted and altered by the advance
of glacial ice from the north. The many swamps and marshes which dot
the area and the poorly developed drainage pattern of many of the streams
testifly to the fact that the drainage in many parts of the region has
not yet been fully re-established.

Eastern Massachusetts is a humid region with annual precipitation
averaging greater than L3 inches. The area lies in the path of the
prevailing westerlies and is exposed 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 and storms of extra-tropical nature often
called "northeasters." Precipitation is generally uniformly distributed
throughout the year with much of the winter precipitation occurring as
snow. Melting of the snow cover generally occurs in March and early
April although intermittent warming periods between snowfalls will
often cause much snow to melt or be removed by sublimation.

The mean annual temperature in the area varies from slightly
above 500 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 National Weather Service stations at Boston, Framingham and
New Bedford, Massachusetts were selected as representative of the
coastal, interior, and southern portions of the area, respectively.

A summary of these data is presented in Table 1.

Hydrologically, the study area is characterized by unusually
flat, swampy watersieds containing numerous man-made storage facilities.
These conditions are inclined to attentuate 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 sewered portions of the study
arca. Population development is virtually complete in the core city
of Boston with saturation radiating outward into the surrounding towns
and cities,

The mean annual precipitation at Boston is 43 inches, with
recorded annual maximum and minimum values of 67.7 and 23.7 inches,

6
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respectively. At Framingham, the average annual precipitation is 43.8
inches, with extremes of 60 and 29 inches, respectively. At New
Bedford, the average annual precipitation is 43.6 inches, with extremes
of 64 and 22 inches, respectively.

Table 2 summarizes precipitation data recorded at the three
selected Weather Service stations in the area. Values of the mean
monthly precipitation at these stations indicate a rather uniform
distribution throughout the year. During the winter months, precipita-
tion over the area is characterized by periods of rain or snow.

Average annual snowfall varies from 43 inches at Boston to over 51
inches at Framingham to 35 inches at New Bedford.

The U. S. Geological Survey maintains flow records of several
stream gaging stations in the study area. A sumary of monthly and
annual runoff for stations on the Assabet, Sudbury, Ipswich, Concord,
Charles and Neponset Rivers is presented in Table 3. In general, the
mean annual runoff is slightly less than 50 percent of the mean annual
precipitation.

Peak discharge frequently curves, computed for selected streams
in the study area, are presented in Figure 2. Flow data for the Assabet,
Concord, Ipswich, Charles, Neponset, Parker, and Aberjons Rivers are
extensive and complete, thus allowing analyses by the Log Pe&rson Type
IITI distribution method. Annual peak discharges were analyzed for
each water year of record throughSeptember 1969. In the case of the
Sudbury River, where annual peak discharge data are incomplete, dis=-
charge-frequencies were derived through comparison of computed peak
floodflows at Framingham and analyses of flow records of the nearby,
and hydrologically similar, Assabet River at Maynard.

An IBM 1130 computer was used to determine the mean logarithms
and standard deviations -- the bases of curve definition. A regional
skew coefficient of 0.5 was adopted based on a recently completed
regional study of all stream gages in southeastern New England. Fre-
quencies were further adjusted for length of record and partial duration
in accordance with the method prescribed by Beard (7).

Low flow duration frequency analyses were made using historical
flow data for selected long-term U.S. Geological Survey stations in
the study area. Iow flow frequencies were determined for durations of
1, 3, 7, 14, 30 and 60 days using a Pearson Type III statistical dis-
tribution. Results of the study are illustrated graphically in Figures
3 and 4. It is noted that the analyses were based on recorded flows
which may be affected somewhat by upstream storage regulation and
diversions for water supply.

Flow duration data were provided by the U.S. Geological Survey

for all of the long-term gaging stations in the study area and are
shown graphically in Figures 5 and 6.

8
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! D. Other Regional Wastewater Management Studies in Eastern
Massachusetts

During the conduct of the Boston Harbor-Eastern Massachusetts
Metropolitan Area Wastewater Management Study, two additional compre-
hensive wastewater management studies were taking place in areas
contiguous to the Eastern Massachusetts Metropolitan Area.

The Merrimack Wastewater Management Study, conducted by the
| . New England Division, U.S. Army Corps of Engineers in cooperation
1 with the Commonwealth of Massachusetts, focused on the 24 communities
along the mainstem of the Merrimack River in Massachusetts. This
study area bordered the Eastern Massachusetts Metropolitan Area to the
north. The objective of this study was to design regional wastewater
management systems that address the long-range goal of Public law
92-500, as well as the broad planning objectives of the people in the
Merrimack River Basin in Massachusetts.

To the west, the communities in the Nashua River Basin were
the subject of a similar study by the Nashua River Program under the ]
supervision of the New England Interstate Water Pollution Control |
Commission., The objective of this study was to propose regional ?
wastewater treatment alternatives which would achieve stream standards
as set in the Nashua River Basin by the Commonwealth of Massachusetts.
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II. IDENTIFICATION OF POTENTIAL LAND APPLICATION AREAS AND DETER-
MINATION OF ACREAGES NEEDED

A, General

Developing a land-oriented treatment alternative for renova-
tion of municipal and industrial wastewater using the soil-vegetative
complex requires consideration of many factors. Specifically, those
factors pertaining to land use, geological characteristics of sites;
both surficial and subsurface, and projected wastewater flows for the
planning period,

Methodology used to identify potential land treatment sites
and sizing of land treatment sites for the regional sewage treatmert
plants included:

1. Identification of recent land use for each community in
the study area.

2. Assembly and evaluation of available geologic information
describing unconsolidated surficial materials, bedrock, and groundwater
for the study area with respect to land treatment techniques.

3. Determine acreages needed for land treatmert of projected
vear 2000 flows using either spray irrigation or rapid infiltration.

4, Comparison of lands potentially available with acreage
needed,

B, Land Use

Information describing existing land use in the Boston Harbor-

Eastern Massachusetts Metropolitan Area was obtained by interpretating
1:20,000 aeri?l anchromatic photographs taken during the summers of
1970 and 1971(3%), Community land use wac categorized into one of six
mejor categories: agricultural and open lands, forested lands, wet-
lands, urban lands, mining or waste disposal lands, and outdoor recre-
ational lande for Essex, Middlesex, Norfolk, Plymouth, Suffolk, and
Worcester Counties (Table L),

Agricultural and open lands include tilled or tillable crop
lands currently uced for intensive farming, unused tillable land only
recently not tilled, pasture or wild hay land not suitable for tillage,
abendoned fields, productive fruit orchards, abandoned orchards, pro-
ductive cranberry boge, plant nurseries, heath plant vegetation, sandy
beaches, and power lines and other rights-of-way,

Forested lands were delineated by the height and demsity of

the softwood and hardwood tree species found in the study area. These
lands include state and town forests and wooded swamplands,

18
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Wetlands include seasonally flooded basins of low-lying lands,
bogs, shrub swamps, meadows, shallow and deep marshes, fresh open water
in lakes and streams, beaver ponds, tidal salt marshes, and irregularly
flooded salt meadows. Wooded swamps were delineated as forested arcas
and were not included within this land use grouping,

Urban lands encompass those land areas on which people live
or work in closely ordered structures in confined land spaces. This
group includes land on which heavy and light industrial practices occur,
commercial lands, shopping centers, schools, colleges, cnhurches, state
hospitals, prisons, airports, docks, warenouses, railroads and associated
facilities, divided highways, cemeteries, and residential lands with
dispersed to high housing densities.,

Mining or waste disposal areas in the basin are those lands
used for sand, gravel and stone excavation, solid waste disposal, auto-
mobile dumps, and wastewater treatment facilities which use sand filter
beds as a part of the sewage treatment process.

OQutdoor recreation lands are those land areas and associated
access roads, parking facilities, buildings, and related facilities
used for recreational pursuits associated with marinas, sandy beaches,
swimming pools, tennis courts, golf courses, driving ranges, skeet
shooting ranges, playgrounds, ski areas, and spectator recreation such
as race tracks, athletic fields and stadiums, amusement parks, fair-
grounds, drive-ins and zoos.

The acreages of agricultural and open land as well as forested
lands give some idea of the upper limit of the potentially available
land area which could prove suitable for a land treatment system within
each community should geological and soil considerations prove favorable.
Forested land comprised the major portion of the non-urban land use in
most communities. Most of the 109 communities in the Boston Harbor-
Eastern Massachusetts Metropolitan Area had greater thai 30 per cent
urban land, while only eight communities consisted of less than 10 per
cent urban development,

Wetland areas were variable among the communities., Coastal
towns were about 30 per cent wetlands while inland communities had less
than 10 per cent wetland areas.

C. Geological Data

Figure 7 summarizes the type and distribution of the surficial
geology of the Boston Harbor-Eastern Massachusetts Metropolitan Area.
The unconsolidated sediments were subdivided into different units based
on particle size and genetic classification. Areas underlain by peat,
muck and silty clays were immediately removed from consideration as land
treatment sites. Conversely, areas of stratified sand and gravels such
as outwash deposits and ice contact deposits were easily recognized and
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flagged for further investigation as highly probable sizes for rapid
infiltration and possibly spray irrigation, using special management
practices., Large areas mapped as glacial till were suitable for spray
irrigation where slope and land use permitted. Till areas were not
suitable for rapid infiltration due to the low vertical permeability,

A more complete discussion with additional maps covering the geological
aspects of the study area may be found in Appendix A to this report,

The quantity of secondary effluent which could be applied to
agricultural or forested lands for renovation without adversely affecting
crop growth is closely align2d with soil properties of the application
sites and crops to be grown. The =2xtent of each soil series in the
study area was obtained where possible from the U,S, Department of
Agriculture Soil Conservation Service,

Each soil series was evaluated according to its suitability
for land treatment using spray irrigation or rapid infiltration on the
basis of': soil depth, flooding frequency, longevity of high water table,
permeability, slope, stoniness and drainage.

1. Soil Depth

Soils for spray irrigation must be at least five feet
deep without a perched or seasonal high water table, Soils with im-
permeable horizons, "pans'", were considered suitable for spray irriga-
tion provided the application rate was adjusted for the presence of the

pan horizon,

Primary sites for rapid infiltration were those 20-30 feet
above the underlying water tables and surrounding lowland or wetland,
with a saturated thickness below these sites of 20-30 feet, Distance
from application area to slope of the application area was +200 feet.

2. Flooding

Flood plain soils subject to annual or frequent flooding
were not considered for either spray irrigation or rapid infiltration.

3. Water Table

Soils with water tables within five feet of the ground
surface for less than four months of the year were considered plausible
for spray irrigation if an underdrain system could be installed in order
to maintain a three-foot unsaturated root zone throughout the growth
season, Soils with water tables within five feet of the surface for
more than four months were either not considered or given special man-
agement considerations.

The water table beneath rapid infiltration areas should be
20-30 feet below the application surface. Vertical and horizontal
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movement of applied water should not be restricted by an impermeable
leyer nor should application result in the water table rising to the ]
treatment bed surface. ;

4, Permeability

Soils considered for spray irrigation had moderate to
moderately rapid hydraulic permeability (0.63-6,3 inches per hour).
Soils which were very permeable (+6.3 inches per hour) were believed
suitable for spray irrigation providing the application rate and fre-
quency were adjusted to keep nutrients within the root zone,

Soils for rapid infiltration sites had moderately rapid
to very rapid permeabilities (2.0 to +6.3 inches/hour).

R T T T P R OTRRS or TV, L RSN TN P

5. Slope

Spray irrigation sites should have a slope less than 15
per cent, Rapid infiltration sites would require grading to level

slope.
6. Soil Texture

Soils for spray irrigation sites were those with fine
sandy loam to silt loam surface horizon with similar horizomns through
the underlyine strata. Soil series belonging to the above classes but
which have varying amounts of stoniness would require special management
considerations., Soils of potential rapid infiltration sites were sandy
gravel or gravelly sand throughout the path of effluent travel.

7. ©Stoniness

Where row crops and soil tillage were not integral to the
management operation, stones should not be a deterrent since surface
stones would be removed during site preparation for spray irrigation.
Where underdrains were necessary to maintain the unsaturated root zone,
very stony and extremely stony soils could create installation problems
and thus should be avoided where possible,

Stones should not present a problem in the rapid infil-
tration sites. Even so, stones should not comprise a major portion of
the surface horizon. Deep alluvial sandy gravels and gravelly sand
terraces along streams and rivers would be ideal.

8. Drainage

Moderately well to well drained soils with groundwater
tables which can be maintained below the three-foot depth were acceptable
for spray irrigation sites. Rapid infiltration sites should not have
groundwater problems,
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Soils suited for spray irrigation or rapid infiltration
are summarized in Table 5. Soils for rapid infiltration may be used
for spray irrigation if wastewater applications are adjusted to the
water-holding capacity and permeability of the soil, Some low lying
very permeable soils could prove practical for spray irrigation by similar
adjustment, although they would be marginal for rapid infiltration., Some
soils were classified as moderately suitable for spray irrigation because
they may require special management considerations., For example, Ber-
nardston, Essex, and Paxton soils have pan layers at depths of 10-30
inches, which may affect periodicity of the effluent applications.
Soils with surface stones would require grooming to permit operation of
field equipment and installation of application apparatus. If stones
were found throughout the plow layer, these soils may be limited to a
forage operation depending upon the degree of stoniness and its affect
on cultivation practices,

Surficial geology data as well as bedrock and groundwater
information were used in conjunction with land use to select land sites
for land application., Maps prepared from this information were compared
and commonly superimposed over one another, Areas which appeared visible
through "windows" after the constraints and criteria inherent in the
various maps were satisfied were selected as potential sites, These
were then discussed at public workshops to obtain first hand information
concerning future developnent,

Land areas in the Boston Harbor-Eastern Massachusetts
Metropolitan Area suited for either spray irrigation and/or rapid in-
filtration are depicted in Figure 8. The preponderance of potential
areas were found in the southwestern portion of the Boston Harbor-
Eastern Massachusetts Metropolitan Area., Some spray irrigation and
rapid infiltration sites were found in coastal communities north and
south of Boston Harbor. Several spray irrigation sites were larger than
300 acres in extent, but for the most part potential spray irrigation
sites were less than 300 acres and rather fragmented. Only a few small
rapid infiltration sites less than 100 acres were found within the
Boston Harbor-Eastern Massachusetts Metropolitan Area.

Each site was carefully studied before assigning it for
land application use, In addition to geological and soil considerations,
other constraints also had to be ratisfied., To safeguard public health,
a buffer zone of 1,000 feet was placed around all known points of human
habitation to prevent any drift or carryover of aerosol spray from the
land application site from reaching the inhabited area. Buffer zones
of 200 feet were placed next to all public roads and particular care was
taken to avoid any possibility of contaminating water supplies or bodies
of water used for recreation or water supply.

Although a certain amount of arbitrary judgment was em-

ployed in selecting land application sites, every effort was made to not
include those sites which could adversely affect unit area development
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TABLE 5

SOILS SUITABLE FOR WASTEWATER MANAGEMENT

Spray Irrigation

Highly Suitable

Brookfield
Canton
Carver
Charlton
Enfield
Hartland
Melrose
Newport
Suffield

Moderately Suitable

Agawam (W)
Bernardston (P) (W)
Broadbrook (W)
Buxton (D)
Colona

Essex (P) (8)
Gloucester
Hartland
Millis

Paxton (P) (8)
Poquonock (W)
Plymouth

Rapid Infiltration

Enfield
Hinckley
Merrimack

Quonset
Windsor

Yy

Stones

Qmu’ut
'

by adjusting the application

- Manageable seasonal high water table
- Pan usually 18" - 30" deep
Drainage slowly permeable subsoil

Soil series moderately suited for spray irrigation

|
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costs. For example, areas less than 100 acres in size and located more
than 2,000 feet from the nearest complex center were usually excluded
from consideration, In general, sites were chosen which were sparsely
populated, forested, of suitable size, and as close together as possible,

Land utilization factors selected for spray irrigation and
rapid infiltration sites are 0.7 and 0.5, respectively. These factors
3 represent the ratio of the area receiving the applied flow to the gross
B area available for land application. In the case of spray irrigation,
1 some land is lost because of the inability of circular spray patterns to
‘ completely cover the surface area without undesirable overlapping,. Spray
irrigation can be carried out without much site development although
land slopes exceeding 10 to 15 per cent are undesirable and may require
some preparation,

Because rapid infiltration sites are flooded during land
application, a certain amount of site preparation is usually required to
3 make them hold water at a uniform depth, Some useful land must neces-
] sarily be lost to berm construction and roadways, while steep or heavily
! forested areas may have to be by-passed.

Spray irrigation facilities would be designed on a modular
basis. The requirements for each particular module would vary somewhat,
however, in general they would consist of: (1) a distribution network
of pipes laid over the ground from the storage lagoon to the module,
and (2) revolving sprinklers set on riser pipes at periodic intervals
on the distribution network. The maximum radius or throw of the sprink-
ler discharge would be about 120 feet and require pressures at the nozzle
on the order of 100 pounds per square inch, Because of such high pres-
sures, it may be necessary to set up small booster pumps within the dis-
tribution network.,

A system of electrically controlled valves having auto-
matic timers would allow applications to be made to different sections of
the land application site at different times, Pumps supplying flow to
the sprinklers would be controlled by timers since continual sprinkling
will not be necessary. The sprinklers would have a trajectory of about
21 degrees to minimize aerosol spray effects, The total pattern of
spray application around a given sprinkler would have a diameter of
240 feet, In order to cover evenly ac much of the site as possible some
overlapping of the spray patterns would take place, The area covered
by one spray nozzle is about one acre,

e T U

b | The use of a flexible, easily dismantled piping system
will enable harvesting of grass or alfalfa crops should such vegetation
be grown to increase nutrient uptake and removal.

Spray irrigetion would be employed during the summer months
to the maximum extent that spray irrigation land ic available. During
the winter months, these facilities would not be uced; only rapid infil- 1
tration would be employed., This method of operation would eliminate the q
need for large areas of land for storage facilities.
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A typical rapid infiltiration system consists of a pumping j
station and shallow basins into which flow is pumped at intervals. The g
basins are charged with flow to the desired depth, then allowed to stand }
until the next application., The applied liquid percolates through the
highly drainable soil, Following 14 days of application, a rest period |
of 7 days is allowed to allow the soil to digest the organic matter and
restore the soil to a more drainable character,

1 Because of their ability to accept daily applications

| without appreciable effect on their performance even during cold weather,
3 the rapid infiltration basins would be used during the winter months when
spray irrigation would not be used.

S e

T

D, Application Areas Required j

E Acreages required for implementation of a land treatment |
alternative was calculated for each regional wastewater treatment unit

3 or community based on projected wastewater flows for the year 2000.

: (See Volume 2 for projection methodology). Regional wastewater treat-

ment units proposed here are shown in Figure 9.

The waste treatment facilities and the regions that they serve
were determined by two primary factors. For those communities that are
currently served by the Deer and Nut Island treatment plants, the area
was decentralized by locating new treatment facilities at six locatioms
where a discharge point was available and the existing interceptor could
be used. For the other communities, the latest engineering reports that
had identified required systems, Many of the treatment facilities
already exist or are in various stages of planning and implementation.

A more detesiled discussion of the facilities may be found in Volume k4
Water-Oriented Wastewater Utilization Concepts.

v
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The land areas needed to treat the projected 2000 and 2050
wastewater flows for each regional sewage treatment system by either
spray irrigation or rapid infiltration are presented in Table 6.

Acreages for spray irrigation were determined using weekly
application rate of two inches per week, Facilities would be operated
for 26 weeks with sufficient storage capacity in surface lagoons to
hold 30 weeks wastewater flow during the remainder of the year and
inclement weather, Storage capacity includes net gain in annual pre-
cipitation, Rapid infiltration sites were sized using an application
rate of 2,5 gallons per square foot per day and an operation cycle of
14 days inundation - 7 days recovery with rapid infiltration areas
operated continuously. Emergency surface storage lagoons with 14 days
capacity would be provided,

¢
!
oo
1
s |
i
e 4
i {

The larger land requirement for implementing spray irrigation
stems from the smaller application rate and storage of wastewater flows
during winter months and inclement weather which must be applied during
favorable operating conditions.
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To determ:.ne whether sufficient acreage of suitable lands (agri-
cultural, open and forested lands) were available to treat the projected
! 2000 wastewater flows, a comparison of data in Tables 4 and 6 was made.
i Most communities within the study area, particularly those less urban-
B : ized communities outside of Route 128, had substantial acreages of

agricultural, open, or forested lands. Total agricultural and open
E lands reported were found in small units, usually less than 50 acres
i . in size. Forested lands included areas where productive agriculture had
been difficult to pursue, or were lands which had once been good agri-
cultural lands but had been permitted to revert back to a forest cover.
Soils in these and other forested areas lent themselves suitable to
agricultural pursuits but remained forested for other reasons. Evalu=-
ation of the soils and geologic information for forested areas proved
many forested areas were acceptable for land application, however, the
acreage gvailable was insufficient for projected flows for many of the
regional wastewater treatment units. In those instances where projected
2000 flows were less than 3.0 million gallons per day (mgd), land treat-
ment within the region was possible.

Of the 109 communities, only seven communities belonging to three
regional wastewater treatment systems have the opportunity to implement
land application within their region; 1) Hamilton, Boxford, Tospfield,
Wenham; 2) Ipswich, 3) Middleton, North Reading. The Hamiltcn regional
treatment units had adequate lands to implement spray irrigation or
rapid infiltration while the other two regions had sufficient acreage
suited to rapid infiltration. :

The remaining regional units in the Boston Harbor-Eastern Massa-
chusetts study area were either too highly urbanized with large waste-
water flows or were less populated communities with lands not suited
for wastewater treatment according to the design criteria used here.
In either case, the projected 2000 effluent flows from the regional
treatment facilities were too large to receive treatment using the
lands identified within the regional sewage treatment units. For this
reason, suitable lands outside the regional treatment configuration
and the Boston Harbor-Eastern Massachusetts Metropolitan Study Area
were evaluated as to their plausible use for either the spray irriga-
tion or rapid infiltration-land treatment method.

b Sl e~ UMD aew S g
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Land areas west of the Nashua and Blackstone River Basins within
Massachusetts were evaluated for availability of suitable land appli-
cation areas using procedures described above. Initial investigations
revealed some 21,000 acres, well-suited for land treatment, were avail-
able in the Connecticut River Basin; 16,800 acres for s pray irrigation
and 4200 acres for rapid infiltration. These areas could treat about
55 mgd using spray irrigation techniques and about 228 mgd by rapid
infiltration for a total of some 263 mgd.
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Additional renovation capacity could be provided by including
sites less thar 50 acres that were clustered near each other or near
larger potential treatment sites. This would increase the total
volume of wastewater effluent that could be treated to around 340 mgd.
For a more detailed explanation of site identification in western
Massachusetts, see Appendix B.

Potential spray irrigation and rapid infiltration treatment sites
in the southeastern Massachusetts were identified using the methodology
described above. Sites lending themselves to land treatment totaled
approximately 49,200 acres; 35,500 for spray irrigation and 12,700 for
rapid infiltration. Using application rates and operations cycles
proposed here, this acreage could receive about 116 mgd by spray irri-
gation sites and 690 mgd using rapid infiltration for a total of about

800 mgd.

Total wastewater flows generated in the Boston Harbor-Eastern
Massachusetts Study were projected to be about 721 mgd by the year 2000.
Much of this projected wastewater flow should remain within the study
area to maintain stream flow or be discharged to the ocean. Diversion
of wastewater flows from the Sudbury-Assabet-Concord River Basin (SUASCO)
could have serious impact upon the stream flow and aquatic enviromment.
This would be especially critical during low flow periods if the projected
2000 effluent flows, about 38 mgd, for the six regional treatment facili-
ties (Billerica, Concord, Sudbury, Hudson, Marlborough (east and west),)
in the SUASCO Basin were diverted outside the Basin. This volume would
be greater than the 7-day, 10-year low flow in the Concord River at the
confluence with the Merrimack River at Lowell, Massachusetts (Figure 3).

Similarly, diversion of some 16 mgd by the year 2000 from the upper
Charles River Basin; Milford, Medway, and Medfield, STP would cause
negative impacts to the aquatic environment stemming from reduced stream
flow. (See Volume 13 for assessment of environmental impacts).

Future urban growth in these river basins will undoubtedly lead to
additional demands for municipal and industrial water supplies which
could be provided by these streams. In order to meet these demands
with high quality water, wastewaters discharged to these streams should
be renovated beyond conventional secondary treatment to safeguard public
health and enhance the aquatic environments in the receiving streams.

Chemical analysis of the wastewater flows to the Deer and Nut
Island treatment facilities show a substantial proportion of these
flows are made up of sea water (34). Because of hazards to crop
production, soil properties and groundwater quality beneath land treat-
ment sites, treatment of saline wastewater effluents on the land is not
a practical consideration. Calculations using "typical" secondary
effluent quality (29) and "normal sea water" show that land treatment of
wastewater effluents should not be considered where sea water comprises
one percent or more of the wastewater flow.
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For this reason, land treatment of some 466 mgd, from the regional
wastewater treatment plants proposed, under construction or on-line at;
Salem, Lynn, Deer Island, Nut Island, Hull, Swampscott and Marshficld
(part) was not proposed here. This decision was based upon the belief
that collection and transmission lines within the tidal zone are subject
to salt water infiltration or direct inflow and that the resulting
wastewater salinity would be hazardous it applied to the land. Further
analysis of the sea water inflow problem is warrented. However, data

-available at this time shows that without preventive measures, sea
water will make the effluent unsuitable for land treatment.

Sufficient land areas suited to land treatment in the Canton,
Dedham, Medford, Watertown or Woburn regional wastewater treatment
units were not found. But, because the quality of some of the effluent
following conventional activated sludge secondary treatment was
believed adequate for land treatment, diversion of effluent to areas
outside of these regional units is proposed.

The impacts to the aquatic environment were not believed as crucial
a consideration in this area as diversions from other river basins
since wastewater flows from all or most of the area included within
the five regional units are now directed to either the Deer or Nut
Island treatment facilities where effluent is discharged into Boston
Harbor. Projected wastewater flows totaling 177 mgd from the 29 com-
munities serviced by these five regional treatment facilities would be
diverted to outside areas. (Figure 9).

Potential land treatment sites in the Connecticut River Basin were
sufficient to treat the approximate 180 mgd of effluent, however,
several important factors constrain this alternative:

1. Sites identified in the Connecticut River Basin in Massachusetts
were rather disjointed and were not found in large contiguous areas.
Approximately half of the acreage consisted of areas less than 100
acres and about 15 percent was less than 50 acres in size. Although
many potential sites were located adjacent to the Connecticut River,
within the Connecticut River Valley and in the south central portion
of the state, these potential sites were rather scattered and would re=-
quire a? extensive distribution system (See Appendix B for further dis-
cussion).

2. Preliminary cost estimates for transporting the projected
wastewater flows to land sites in the western part of the state were
shown to be some $70 million greater than costs to transport to south-
eastern Massachusetts.

Diversion of 180 mgd of wastewater effluent to southeastern Massa=
chusetts proved more economical when compared to initial costs associated
with the proposed western Massachusetts diversion. Since the acreages
needed for land treatment were similar, major differences between the
two areas were primarily those associated costs of the transmission
and distribution systems.
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The distribution system for the southeastern Massachusetts would
te less extensive because of the larger size treatment area and close
rroximity of treatment sites. Distance over which effluent must be
transported was somewhat shorter for the southeastern Massachusetts
option which would reduce construction and operation and maintenance
costs. Initial cost estimates for these two options revealed substan-
tial differences of some $70 million.

E. Effluent Quality

Effluent quality from activated sludge secondary treatment
facilities is dependent, in part, upon the quality of wastewaters
furnished to the facility from industrial, commercial and domestic
sources. Extensive efforts to describe quantitatively the wastewaters
within the Bocton Harvor-Eastern Massachusetts Metropolitan Study Area
proved to be beyond the scope of this study (12,55). Therefore, it
was assumed that current EPA requirements for pretreatment of industrial
wastewaters prior to discharge to municipal sewer systems will be
enforced and industrial pretreatment will remove excessive trace minerals
(heavy metals)and refractory organics so the wastewaters will be compati-
ble with the biological processes of the secondary treatment process.

It was further assumed that the overall management and opera-
tion of the activated sludge secondary treatment systems would result
in adequate secondary treatment. Effluents from secondary treatment
facilities were assumed to be of a quality closely comparable to that
proposed for irrigation waters applied for more than 20 years, with
respect to trace minerals and refractory organics (Table 7) (19). Con-
centrations of organic matter measured as COD and BOD, nitrogen,
phosphorous, and cations would be comparable to typical secondary
effluent (39).

It was assumed that wastewaters with high concentrations of
trace minerals (heavy metals) or refractory organics will be treated
at the source rather than dischraging to municipal sewage systems for
dilution.

No treatment beyond conventional secondary treatment was
believed necessary for removing nitrogenous oxygen demand (NOD) or
biochemical oxygen demand (BOD), since nitrogenous constituents and
organics giving rise to the NOD and BOD will be removed within the
land treatment process. From the perspective of crop utilization and
soil fixation, it would be more desirable to leave nitrogen in the
ammonical form so it would be fixed within the soil and thereby be
available over a longer period for crop uptake.
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: TABLE 7
Maximum acceptable concentration for elements in irrigation waters
applied continuously and over a 20-year period
Continuous Application for
J Constituent Application 20-year period
oH (standard units) 4.5-9.0 4.5-9.0 4
BOD a/ al/ .
Al (mg/1) 5.0 20 '
Ar (mg/l) 0.t 2.0 ]
Be (mg/1) 0.1 oD
Bicarbonates (mg/l) al/ a/
B (mg/l) 1.0 2.0
Cd (mg/1) 0.01 0.05
Chlorides (mg/1) no limit no limit
Cr(mg/l) 0.1 1.0
Co (mg/1) 0. 05 5.0
Cu (mg/1) 0.2 5.0
: F (mg/l) 240 15.0 '
: Fe (mg/1) 5.0 20.0
Pb(mg/1) 5.0 10.0
Li (mg/1) 2.5 a/
Mn(mg/1) 6.2 10.0
8 Mo(mg/1) 0.01 0.05
E Ni (mg/1) 0, 2 2.0
; NO,-N (mg/l) no limit no limit
1 Se (mg/1) 0.02 0.02
| Na (mg/1) a/ al/
| Fecal coliforms 1,000/100ml ,000/100ml
‘ Total Dissolved Solids 2,000-5000 2,000-5,000
Suspended Solids a/ a/
k.
| } g . a/ Specific concentrations must be set according to soil properties
| § and/or crops grown.
’ ? U.S. Environmental Protection Agency. 1973. Proposed Criteria

for Water Quality, Volume |, USEPA, Washington, D.C.(19)
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III. PROPOSED LAND WASTEWATER MANAGEMENT ALTERNATIVE

A. General

Land treatment of municipal and industrial wastewater flows
offers a viable alternative to the conventional approach to wastewater
treatment. Using land treatment strategies, effluents normally dis-
charged from conventional treatment facilities to nearby surface waters
would be applied to agricultural and forested areas for further renova-
tion. Effluent nutrients would be used to increase crop growth rather
than fertilize our lakes and streams. By pursuing an attitude to recov-
ery-reuse, much of our natural resources needed to produce fertilizers and
provide energy for the operation of advanced wastewater treatment
processes would be eliminated.

Land treatment is available at cost to those who desire it.
These costs include setting aside lands for agriculture and forest pur-
suits on which houses, factories and stores could be built. Land treat-
ment requires that we change our attitudes concerning wastewater efflu-
ents and view it as a resource that can be used to increase agricultural
output and cut farm operating expenses, while providing a degree of
independence through local production of more of the food consumed
within the state. Although overall agricultural production in eastem
Massachusetts may not be competative with the major farming areas in
the U.S., the desirability to increase production of specific truck
garden crops becomes more attractive as food production and transporta-
tion costs increase. The significance and potential consequences of
a national transportion breakdown also should be considered when look=~
ing at land treatment.

This proposal for land treatment of wastewater effluent ad-
dresses the 1983 and 1985 water quality objectives of the Federal
Water Pollution Control Act Amendments of 1972 (Public Law 92-500) by
1) providing an alternative to conventional secondary wastewater treat-
ment facilities and 2) achieving greater wastewater renovation at less
cost.

As explained previously, not all wastewater effluents dis-
charged from regional treatment fhcilities proposed in the Boston
Harbor-Eastern Massachusetts Study Area can receive additional reno-
vation using land treatment methods. Effluents from the Hamilton,
Ipswich, and Middleton regional treatment facilities can receive renoe-
vation using lands within the communities comprising these regional
configurations (Figure 10). In the case of the Canton, Dedham, Medford,
Watertown, and Woburn regional facilities, additional treatment will
be achieved on proposed sites in southeastern Massachusetts. Diversion
of these effluents from the study area is not expected to adversely
affect stream environs or water supplies.

L2

P e




PLamvILLE wamsricLy

PROPOSED REGIONAL WPCF
WASTE TREATMENT REQUIRED AFTER YEAR 2000
BOUNDARY OF REGIONAL WPCF DISTRICT

ROUTE OF MOLE TUNNEL CONDUCTING REGIONA
WPCF g'LU(lT’ To 'inao APPLICATION SI

FORCE NAIN TRANSPORTING TREATED WASTEWATER '

DENOTES TYPE OF LAND APPLICATION METHOD SPRAY
a RAPID INFILTRATION WITH APPROXIMATE

ERLE

N

DENOTES AVAILABLE LAND APPLICATION SITE

o L) b ) »

seace m wee

T T e & S T e
—_—

nairan

/

/

;
: Toum 5
] \ L ' 4
= - | A
e e u@uns ,
anooves N y > o A7 g = l
3 oot \ AL Ll R .
3 — S— Al L ( kma
9 e =2 i
selbne wancuesren & /
. sanvies —vani /,)/
CONCEPT 5
S WASTE MANAGEMENT PLAN UTILIZIN(
e LAND APPLICATION
T
8
3 P el e L~
\‘ by «{:;‘“‘“: ;{
; = LS e
= gf
g‘ )
3 S,
. e ! e : .
/T/ ( Quimcy S \\N‘ '1)/\ 5
j \ ! =)/ = wwron 7 &y
3 \ onarvon | . 2 Z
1 ‘ wien NGk A R ) s
/L ) s \ / monwooo |‘ \w wevmouTn ey ”
J weowar = A=
g' -m-.-...\ Y o~ weour /~\j\ . \ /neLencon ‘ = ; !
[/)\/ < | oo | oanon sroveuren Tor nmeron ---ou:\\; \\‘ wansurieie
= o S
1 P weaven Vs | — ) !
f e ol B i e R NG
P | e ey 0 e W S
= et B g - S o
: . Y . T \«

. Wiwesten

siverron

wocweaTee

LTI
A

- “‘ : ‘(““ . »

| seugnmer "7'." L, sanowicn 3
: % N—
(e | I |
| sesvess \ A \\4 “
= t waTTAPOIRETY 4
\' )} TN 8-’ sanmsrante |
[\ rameaves SR
\ - W o 4
weatroRY l Wi M . v AV 1“ i . |
sanruoute \ e ; |
\ /‘} ) / & {
1 ‘1 { A Py j
1 b |
™ \ [(;-‘\ A \ /
\b. i ) ol X |
S L ] |
\ _")' "‘\5‘)/1 ‘:
| KS |
:‘J




R L U i g

e S S

A S A —— e ay

Effluents from the remaining 22 regional treatment facilities
listed in Table 8 will require additional treatment to achieve a degree
of renovation comparable to that anticipated at land treatment sites.
After final treatment, effluents will be discharged directly to receiving
streams to maintain stream flow or into the ocean. Selinity problems
in sewerage systems in which sea water comprises one percent or more
of the effluent flow would have serious repercussions to crop growth,
soil properties, and groundwater quality if applied to the land. For
these reasons, some 466 mgd of wastewater effluents must be discharged
to the ocean in order to maintain the integrity of both terrestiral

and fresh water aquatic environments. (Table 8).

The schematic of the regional treatment facilities providing
secondary treatment as part of the land application systems is illu-
strated in Figure 11. All wastewater flows to each regional treatment
plant would receive secondary treatment consisting of: screening,
comminution, grit removal, primary sedimentation, activated sludge
treatment followed by final clarification and disinfection.

The sludge from the four regional plants located at Woburn,
Medford, Watertown, and Canton will be thickened and pumped to the
regional treatment plant located at Dedham. Primery sludges will be
gravity thickened and secondary biological sludge- will be thickened by
flotation. The thickened sludges will be blended and stored in suitable
storage tanks at each of the four treatment sites prior to being pumped
to the fifth location for further treatment, Sludge at the Dedham
regional treatment plant will be vacuum filtered and incinerated in mul-
tiple hearth furnaces or steam generation facilities which will permit
heat to be recovered.

Figure 11 presents a schematic diagram of the entire waste-
water management plan utilizing land application, which include produc=-
tive reuse of the renovated water and energy recovery from incineration.
The diagram traces the pathway of wastewater as it passes through the
various treatment steps or phases before ending up either as renovated
water that is suitable for selective reuse, or as part of the groundwater
supply from which it may be used as a "normal" water source.

B. Design of the Regipnal Wastewater Treatment Facilities

Proposed regional wastewater treatment facilities were
designed to treat wastewater flows for the design year 2000. Allowance
will be made for future plant expansion so as to accommodate flows up
to the year 2050. Because much of the lands with the Boston Harbor-
Eastern Massachusetts Metropolitan Study Area are highly urbanized
and land use patterns are well established future wastewater flows are
not expected to increase significantly in many cities and towns. Waste-
water design flows for all regional water pollution control facilities
within the Boston Harbor-Eastern Massachusetts Study are given in
Table 6 for the years 2000 and 2050.
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TABLE 8

j PROPOSED REGIONAL WATER POLLUTION CONTROL
’ 2 FACILITIES DISCHARGING EFFLUENTS DIRECTLY
TO RECEIVING STREAMS OR OCEAN

4 Billerica (S) Medfield (S)
Chelmsford (S) Medway (S)
Concord (S) Milford (S)
Deer Island (O) Nut Island (O)
Gloucester (O) Rockland (S)

; Hudson (S) Rockport (O)

: Hull (O) Scituate (O)

' Lynn (O) SESD (O)
Manchester (O) Sudbury (S)

Marlborough (West) (S) Swampscott (O)
Marlborough (East) (S)

S - Discharge to stream
O - Discharge to ocean
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LAND-ORIENTED ADVANCED WASTEWATER TREATMENT
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Land-Oriented Advanced Wastewater Treatment
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The activated sludge process consists of biological treat-
ment that employs a sludge which by aeration and agitation, has achieved
flocculating and purification properties. The sludge is mixed with
raw or previously settled wastewater to form what is known as 'mixed
liquor." After agitating the mixed liquor in the presence of atmos-
pheric oxygen for a suitable period, the sludge is allowed to settle.
The supernatant or process effluent is normally discharged after disin-
fection, but if higher effluent quality is desired it may receive fur-
ther treatment. The pollutants in the original wastewater are entrained
in the sludge. During the aeration and agitation process, the soluble
organic pollutants are metabolized by the bacteria in the sludge floc.
Following metabolization, the floc bacteria arz ready to receive more
wastewater pollutants to continue the purification process. During
the time when the sludge is in contact with the waste matter, the
bacteria multiply and produce more sludge. The excess sludge over that
required to maintain the activated sludge process is drawn off while
the remainder is kept and returned to the aeration tanks.

The vasic activated sludge process requires from two to eight
hours aeration Lo achieve the necessary treatment. Air requirements
range from 0.2 Lo 1.5 cublc feet per gallon of wastewater with one
cuvic foot per gallon being the general rule of thumo., Aeration may
be provided by air diffusers which are fed air under pressure or by
mechanicel aerators. The latter may be actuated by dissolved oxygen
sensors which are placed in the aeration basins (35).

The basis of design for the treatment plant units listed
above is given in Table ¢. Because only rudimentary knowledge is
available regarding wastewater characteristics, amounts of infiltration,
peal: f'low rates, ber capita wastewater production, etc., only nominal
design data can be offered. However, these have been carefully chosen
on the basis of past experience and numerous other sources, and are
considered to reflect realistic and most probable design requirements.

After receiving treatment, the plant effluents will be dis-
charged to a conveyance system which will transport the effluents to
the land treatment area.

Cs Conveyance System

l. Mole Tunnel Systen

The effluents from the {ive regional water pollution con-
trol facilities will be conducted to the land application sites in
Southeast lassachusetis by means of a mole tunnel system and force
mains. The mole tunnel will conduct the effluents from the Woburn,
Medford, Watertown and Dedham WPCF'c to storage lagoons near the
Canton plant., The tunne! will have a circular cross-section and is to
be constructed through rock. Because the subsurface strata along the

47
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TABLE 9

DESIGN DATA SUMMARY FOR

£ b o SR A A s S A s A B

REGIONAL WATER POLLUTION CONTROL PLANTS

DESIGN YEAR

WASTEWATER FLOW & QUALITY
Flow Rate, ADF
Peak Flow Factor
5-day BOD
Suspended Solids

DEGREE OF TREATMENT
Biological Process
Overall Removals: BODg
Suspended Solids

PRETREATMENT
Bar Screens Mech. Cleaned
Size of Openings
Screenings, per MGD
Disposal

Comminutor

Grit Removal Aeration
Detention Time
Air Supply
Disposal

FLOW MEASUREMENT

PRIMARY SETTLING TANKS
Detention Time @ ADF
Overflow Rate @ ADF

AERATION TANKS
BODs5 Loading
Air Requirements

Detention Time

L8

2000

Table

17

240 mg/liter
240 mg/liter

Activated Sludge
90%
90%

3/4 in.
1l cu. ft.
Landfill

3 min.
6 cfm/ft.
Landfill

Parshall Flume

2 hours
900 gpd/sf

35 1b/1000 cf
1000 scf/1lb BODS
6 hours

PR ey




FINAL CLARIFIERS
Center Feed Type with Skimmer
Detention Time @ ADF
Overflow Rate
Minimum SWD

DISINFECTION
E Chlorination
Detention Time @ Peak Flow

SLUDGE PRODUCTION TOTAL

SLUDGE THICKENERS
Gravity for Primary Sludge
Overflow rate

Air to Solids Ratio

SLUDGE VACUUM FILTERS
Loading

SLUDGE INCINERATOR
Multiple Hearth
Exhaust Gas Temp.
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TABLE 9 (Continued)

k Loading

.' SWD

3 Detention time, minimum

1 Flotation, for Waste Activated Sludge
Loading

2 hours
900 gpd/sf
10 ft.

15 minutes

1.0 TDS/MG

400 gpd/sf
22 1b/sf/day
15 ft.

6 hours

15 1b/sf/day
0.02

3.5 1lb/sf/hr

1400° F.
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proposed tunnel route is expected to include random formati on of weak
and structurally unsound rock such as shale, limestone, and easily
fragmented volcanic rock, concrete lining will be provided along the
entire route of the tunnel. The tunnel will be of earthquake resistant
construction. Figure 12 shows the general route and profile of the
tunnel and the locations of the shafts through which treatment plant
effluents will be discharged to the tunnel. Table 10 presents a
summary of design data for the tunnel which will have a total length
of about 100,000 feet.

The vertical location of the tunnel was determined from the
elevations of possible buried valleys along the alignment route. The
tunnel is asswied to be excavated by mole methods except at fault
zones where conventional excavation methods will be required. Shaft
depths will rr ge from 237 feet to 352 feet, and like the tunnel, will
be fully linec

The treated wastewater will flow down the mole tunnel to a
terminus near the Canton WPCF. At this point, the flow will enter the
wet well of the tunnel 1lift station from which it will be pumped to
the ground surface into equalizing storage lagoons. Table 1l presents
a summary of the Canton tunnel lift station design data and Table 12
presents data related to the design of the equalization lagoons.

The tunnel system is designed to carry the peak flows for
the year 2050 at velocities ranging from 6 to 10 fps. A net tunnel
diameter of 10 feet was selected to facilitate construction and provide
sufficient storage capacity during periods when excess stormwater
infiltration occurs. Under normal operating conditions, the tunnel
should conduct flows at self-cleaning velocities thereby minimizing
solids deposition.,

Because of the high flow rates that must be handled and the
many difficulties that would be encountered in routing and constructing
a gravity sewer conduit near the surface in the metropolitan area, no
other alternative to the mole tunnel conveyance system appears to be
economically feasible or possess a comparable degree of reliability.

The construction of a mole tunnel will present some problems
with regard to disposal of the excavated rock. Moled rock ranges in
size from a maximum of four inches down to powder-like particles.
Because of the preponderance of the latter, effective utilization of
the rock for commerical purposes is impractical. It may be possible
to use a portion of the rock for construction, to improve harbors,
shoreline protection, breakwaters or public and private landfilling.

50
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TABLE 10

SUMMARY OF CONDUIT DESIGN DATA FOR

MOLE TUNNEL SYSTEM

Approx.
Tunnel Segment Length, ft.
Woburn-Medford 13,000
Medford-Watertown 28,000
Watertown-Dedham 37,000
Dedham-Canton 22,000

Total Length of Tunnel
Net Tunnel Diameter

shaft Location

Woburn
Medford
Watertown
Dedham
Canton

Net Shaft Diameter

52

Slope Required
ft/ft Capacity, MGD
0.0005 53
0.0005 104
0.0003 180
0.0008 250
100,000 ft
10 ft
Length, ft
346
352
237
324
280
10 ft

PR
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TABLE 11

MOLE TUNNEL LIFT STATION DESIGN DATA

TUNNEL FLOWS

|
| Average (Yr 2000) 150 MGD
i Peak (Yr 2000) 250 MGD
N
4
A STATIC LIFT, AVG 300 ft
| NO. OF PUMPS 3
PUMP CAPACITIES & POWER
No. 1 150 MGD 5,200 HP
No. 2 250 MGD 8,800 HP
No. 3 100 MGD 3,600 HP
TOTAL STATION HORSEPOWER 17,600
FIRM PUMPING CAPACITY 250 MGD
%
1
|
53
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TABLE 12

DESIGN DATA FOR EQUALIZATION LAGOONS

AT CANTON
STORAGE PROVIDED 3 Days
TOTAL LAGOON VOLUME 900 MG
LAGOON DIMENSIONS:
No. Lagoons Required 4
surface Area, each 28 acres
Max. Water Depth 25 feet
Freeboard, Min. 5 feet
Total Dike Height 30 feet
Side Slopes 3ol
Berm Width 15 feet
Sk

o
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2. High Pressure Transmission Systems

The effluent destined for land treatment sites in south-
east Massachusetts will be transported via a high pressure transmission
system from the equalization lagoons at Canton to the principal land
application sites located at Freetown, Fall River, Carver, Plymouth,
Bourne and Sendwich. Transport to land within the Hamilton, Ipswich
and Middleton regional units will be via & 12 inch diameter high
pressure system. Figure 10 shows a schematic piping diagram of the
high pressure transmission systems to southeast Massachusetts. Table
13 presents a summary of design data for the high pressure transmission
systems. Design data for the high pressure pump stations at Canton,
Hamilton, Ipswich and Middleton are shown in Table 1k,

Y T I

A Lo ntaddagts . oot s

In general, treated wastewater from the regional water
pollution control facilities will be pumped from the equalization
lagoons through dual force mains to storage lagoons at the land appli-
cation sites. The force mains are used in pairs to provide maximum
system reliability. The conduits will be placed within the rights-
of-way of the public highway system whever possible. State routes
27, 24 and 25 will be used as much as possible. The conduits will be
made of reinforced concrete pipe and provided with a minimum cover
of three feet for protection against weathering and extreme temperatures.
The flows through the piping system will be controlled by a computer
at the Canton high pressure pump station. The depth of liquid in the
storage lagoons will be relayed via telephone circuits to the camputer
which will regulate the discharge of flow at the various storage

lagoons.

During normal year-round operation, the transmission
pump station will pump treated wastewater continuously to the storage
lagoons. Sufficient storage will be provided at each principal land
application site area so as to minimize fluctuations in the pumping
routing. It is believed that the entire pumping opration, including
the mole tunnel 1lift station operation, can be automated to a high
degree and that supervision and maintenance casts for the transmission
of treated wastewater will probably be the least troublesome part of
the entire concept.

To minimize transmission cost, suitable land treatment
sites were located as close to treatment facilities as possible. In
the case of the Woburn-Medford-Watertown-Dedham-Canton facilities,
sufficient land treatment sites, including both spray irrigation and
rapid infiltration sites were found in the general vicinity of Fall
River-Freetown and Carver-Plymouth-Bourne-Sandwich Massachusetts
(Figure 10). A combined total of some 18,700 acres were believed
suitable for implementing land treatment systems.

This included some 3320 acres designated for rapid infile
tartion and 15,000 acres for spray irrigation. The volume of effluent

55




TABLE 13

SUMMARY OF DESIGN DATA FOR

HIGH PRESSURE TRANSMISSION SYSTEM

gk Lt b O MUAVR Y = TS ae TR &
e S A :

Pipeline*

Length Dia Design Flow (MGD)
Pipeline Segment ft in Winter Summer. !
Canton P.S, to Point A 116, 000 90 177 177
Point At to Freetown S, L, 58, 000 54 11 53
Point A to Point B 85, 000 90 166 124
Point B to Carver-Plymouth 16, 000 48 0 62
Point B to Point C 42,000 90 162 62
Point C to Bourne - - 20 20
Point C to Sandwich 37,000 78 146 42
Hamilton P.S, to Boxford(North) 35,000 12 1.4 l. 4
Ipswich P.S, to Ipswich 26,000 12 2.4 2.4
Middleton P.S. to Boxford(South) 12, 000 12 2.4 2.4

* All pipe to be RCP
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which could be treated on acreage was calculated to be about 230 mgd,
however, not all of this area would be needed since projected 2000
flows proposed for diversion total about 180 mgd. The specific sites
are described more fully in Appendix B.

D. Management of Effluent Application

Prior formulations of land treatment alternatives for renow -
tion of secondary effluent have essentially considered land treatment
methods as single operation employing either spray irrigation or rapid
infiltration. After careful consideration of their respective advan-
tages and disadvantages, one or the other land treatment methods was
selected for the acreage available and characteristics of the site.
Fortunately, the two land treatment systems are compatible with many
synergistic benefits when used in combination in a single land treat-
ment alternative.

The advantages of spray irrigation lie in the cycling of
nutrients and water through agricultural and silvicultural activities.
However, large land areas are needed for the application areas and
storage facilities. The storage requirement for the inclement weather i
and non-growing periods more than doubles the spray irrigation acreage ‘
needed since any effluent stored together with net precipitation gain
must be applied during the ensuing suitable applicaticn period. Even
so, this approach provides best control of the additions of effluent
constituents to the land.

Y R L RN R T

Rapid infiltration systems require considerably less land
area since loading rates are much higher and the systems are operable
continuously throughout the year, a feature which eliminates the necessity
Tor storage facilities. Prime considerations are not facilitating
nutrient recovery or enhancement of agricultural activities, but
achieving additional renovation and water recovery.

1. Southeastern Massachusetts

Integrating spray irrigation and rapid infiltration into
a single treatment approach optimizes the major advantages of each land i
treatment system and at the same time minimizes or eliminates the more
undesirable aspects of each. The land alternative proposed here for
the treatment of approximate 180 mgd of secondarily treated wastewater :
from the Woburn (31 mgd), Medford (30 mgd), Watertown (45 mgd), Dedham
(41 mgd), and Canton (30 mgd), sewage treatment plants entails using
agricultural and forested lands for spray irrigation during early
spring through late fall, then switching to rapid infiltration systems
for treatment during winter periods. This combined approach minimizes
the acreage needed for surface storage lagoons in that only emergency
storage facilities with 14 days capacity will be provided. Land areas,
otherwise used for effluent storage or application areas for stored
effluent under an all spray irrigation approach would be used to treat
a greater proportion of the summerflows.
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This approach increases the percentage of the total land
area which will be used primarily for agricultural activities. Evalua-
tion of lands in southeastern Massachusetts for potential land treat-
ment sites revealed two reasonably close areas where both spray irri-

B | gation and rapid infiltration land treatment could be implemented;
8 - a) the Freetown-Fall River area and b) Plymouth-Carver-Bourne-Sandwich |
| : area (Figure 10). :

For convenience, the discussion of the land alternative
3 has been divided into two operational segments; 1) summer operation
& and 2) winter operation.

Summer Operation

During the crop growing season, mid-April through mid-
October, land treatment of secondary effluents would be achieved pri-
marily by using the spray irrigation technique. Through the site
selection process, approximately 6020 acres were identified in the
Freetown-Fall River area wnich could treat about 53 mgd using the spray
irrigation technique proposed here. Approximately 8000 acres identified
in the Carver-Plymouth area would treat about 62 mgd by spray irrigation,
while the remaining €5 mgd of the approximately 180 mgd diverted to :
southeastern Massachusetts would be treated using the rapid infiltration i
method. Rapid infiltration treatment would require about 1200 acres
of land suited to rapid infiltration.

T PRI { SO ap e

By using all 3320 acres of the rapid infiltration sites
in a rotation sequence, longer recovery periods would be permitted
during the summer periods. It may be entirely possible that some lands
designated for rapid infiltration could be used for spray irrigation
sites with agriculture activities during the summer.

Summer operation of the spray irrigation and ragpid infil-
tration site would ential diversion of some 53 mgd to Freetown-Fall
River for treatment by spray irrigation. The remaining 127 mgd would
be carried in high pressure pipes to the other spray irrigation and
rapid infiltration sites. At point B (Figure 10), approximately 62
mgd would be diverted for spray irrigation in the Carver-Plymouth area
while the remaining 65 mgd would be treated at rapid infiltration sites
at Bourne (20 mgd) and Sandwich (45 mgd). Since the Sandwich site
could treat about three times the summertime flow directed to it,
several management options are possible:

. e el
e . S Mgl Bl & o

- TS

a. the entire rapid infiltration acreage could be used
in a rotation sequence with either shorter application periods or
longer recovery periods.

S _..M.;.v,_~
B e e o

b. a portion of the 45 mgd, say 35 mgd, could be treated
by rapid infiltration on some 645 acres while 10 mgd was treated by
spray irrigation on 2100 acres.

29

Sz Gl il o




ookt Bk

SISV G SRS T PR .

A

SR I R A e A A s O S G RS i Mgl o N S P W YO v A

(.

Winter Operation

Treatment of the 180 mgd of secondary effluent between
mid-October and mid-April would be accomplished entirely by rapid
infiltration on some 3320 acres. The rapid infiltration sites are
segmented into three parcels; a) 210 acres in the Freetown-Fall River
area, which could treat about 15 mgd; b) 365 acres in Bourne, about 20
mgd; and c) 2745 acres in the Sandwich area, about 150 mgd. (Figure 10)

2. Land Treatment in Hamilton, Ipswich and Middleton

Land treatment of the effluents from the regional
wastewater treatment facilities located at Hamilton, Ipswich and
Middleton would be treated entirely by the rapid infiltration method.

E. Storage Facilities

The storage lagoons, which are included here, serve three
general purposes. First of all, they provide detention storage for
equalizing flows, and thereby enable pumping schedules to be optimized.
Second, they provide for emergency situations, such as the repair of
pumping units or transmission lines. And third, they provide for
storage of treated wastewater during periods when high winds or heavy
rains prevent spray application.

Although the storage lagoons will be used to contain only
treated wastewater, it is anticipated that they will also provide
some additional treatment to stored wastewater through sedimentation
of fine suspenied matter and biological action by bacteria and algae
on remaining BOD.

To conserve land area, lagoon depths will range from 25 to 30

30 feet and have a minimum of five feet for freeboard. Lagoon dikes

will have a slope of one vertical to four horizontal. Lagoons will

not be aerated as it is expected that odor production can be kept to
48 minimum by utilizing only the minimum number, of lagoons that are

necessary for equalization purposes. By doing so, detention times

within the lagoons will be kept to a minimum. Figure 13 shows a cross-

sectian of a typical lagoon.

Sludge deposits in the lagoons are expected to be minimal
and will be removed during those periods when lagoon capacity require-
ments are minimal. It is believed that lagoon liquor can be removed
without disturbing sludge deposits and that sludge can be removed by
using scavenger trucks and trash sweeping vehicles.

The flow of water between adjacent lagoons will be controlled

at interconnecting structures and will enable lagoons to be operated
in either series or parallel arrarngement. Storage lagoons at land
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application sites will be equipped with disinfection facilities which
will chlorinate the wastewater prior to land application. The
shlorinated flow will first pass through an open channel having suf=-
ficient detention capacity to allow adequate disinfection and dechlo-
rination to teke place prior to spray irrigation.

Sufficient lagoon storage capacity should be provided to
contain the average design flow for 14 days at both the spray irriga-
tion and rapid infiltration application sites.

The area of surface storage lagoons associated with land
application sites for southeast Massachusetts and application sites
serving the Hamilton, Ipswich, and Middleton sewage treatment facili=-
ties are shown in Table 15. The storage lagoons for the spray irri-
gation site at Freetown-Fall River total some 91 acres to serve a dual
capacity by providing emergency storage for both the spray irrigation
and rapid infiltration operations.

Storage lagoon facilities for land treatment sties in the
Carver-Plymouth-Bourne-Sandwich area would be provided in a series of
lagoons in position upstream from Point B, Figure 10. Maximum flow
through the transmission line would be about 170 mgd during winter
operation. For this flow, about 292 acres of lagoons would be needed
to provide 14 days emergency storage capacity. By positioning the
storage lagoons upstream of the land treatment sites, the lagoon
requirements are minimized.

Storage facilities for proposed land treatment at the Hamilton,
Ipswich and Middleton regional treatment units would be about three to
four acres each. Since only the rapid infiltration technique was pro-
posed for these regional systems, the storage facilities may not be
necessary since the land treatment sites are operable continuously.

F. Drainage and Collection Facilities

A subsurface drainage system at a land application site may
be necessary to maintain soil conditions conducive to crop growth.
Drainage system designs may vary in detail but generally are one of
two types: gravity or pumped.

The gravity drainage system can be employed wherever the
slope of the site is sufficient to permit loosely jointed deain pipes
to transport the groundwater to a central collection point. The land
application site may bte partially or totally underlain with the drainage
piping depending upon physical features of the site. The piping must
be placed at a depth which will bLe sufficient to allow the applied
wastewater to receive adequate trea‘ment without incurring excessive
placement costs. Drainage piping often consists of perforated clay
tile although perforated plastic pipe is also popular.
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TABLE 15

SURFACE STORAGE LAGOONS

Ave Daily Flow Storage Cap Required Lagoon Area, Acresd/

, B o

Location (MGD) (Days) (MG) SI RI1 Total
3 Freetown- 53 14 742 91 - 91
b | Fall River 11 14 160 - 20 -
|
, Carver- 62 14 868 107 = 107
' Plymouth
!z Bourne 20 14 280 - 34 34
| Sandwich 150 14 2100 2 258 258
Hamilton 1. 4 14 70 - 3 3
(North)
Middleton P 14 34 - 4 4
(South)
ol
G| Ipswich 2.4 14 34 - 4 4

a/ Storage lagoon 25 ft effective depth
SI = Spray irrigation
RI = Rapid Infiltration

ol 4
Sl 2l
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The method used for land application of the wastewater and
the permeability of the soil play important roles in determining the
desirability or necessity of a drainage system as well as the depth
and lateral spacing of the drain pipes. Basically, the reclaimed water
is collected after passing through the soil or living filter which
imparts aerobic treatment to the applied wastewater. It is considered
essential, in most cases, that a minimum aerobic soil zone depth of
three feet be maintained in order for the chemical, physical and bio-
logical soil treatment processes to effectively treat the wastewater
and attain desired effluent standards. Drainage systems also relieve
soils of prolonged saturation and salt buildup thereby reducing crop
losses and prolonging the viability of the soil treatment processes.

Gravity drainage systems must be specially designed to fit
existing topographical conditions, hence, typical or standardized
designs cannot be established for any practical purpose. Depending
on the particular location and topography, the gravity drain pipe may
either discharge to a surface channel, interconnect with a larger
gravity sewer pipe carrying drainage from other drains, or discharge
to a wet well for force main transmission.

The subsurface gravity drainage system should be integrated
with a surface runoff detention system, Under certain climatic con-
ditions, surface runoff from the land application site can contaminate
or degrade reclaimed water or streams., To prevent this, berms having
heights of one or two feet should be constructed perpendicular to the
direction of the runoff flow, Such berms, placed a minimum of 500 feet
apart, will usually be sufficient to retain heavy storm runoff from
the irrigated land. The retained runoff would eventually percolate
through the soil and be collected by the drainage system., Surface
runoff detention systems should be provided under all circumstances
even when a subsurface drainage system is not employed.

The design slopes and lateral spacing of drain tiles are
dependent upon the flow rates to be carried and the characteristics
of the soil. For the permeable, sandy-type soils (permeability = 40O
gpd/sf), the tile spacing is 400 feet and six or eight inch diameter
plastic pipe is used. For less permeable sandy or silt loam type
soils (permeability = 100 gpd/sf), the tile spacing is 100 feet using
four-inch diameter plastic pipe. The design velocities in the drain
tile range fram 0.5 to 1.0 fps. Four four and six-inch diameter tile,
the slope is 0.3 percent. For eight-inch diameter tiles, the slope is
0.2 percent (16).

In the pumped-type drainage system, a system of well points
is established at the land application site. The well spacing is
dependent upon the soil permeability. Table 16 presents design criteria
for pumped sub-surface drainage systems. Under typical conditions,

(0




TABLE 16
DESIGN CRITERIA FOR PUMPED

SUBSURFACE DRAINAGE SYSTEMS (15)

Soil Well Well Well Draw-
Permeability Spacing Dia Depth Down Discharge
(gpd/sf) (ft) (in) (£t) (ft) (gpm)

1 60 2.5 30 10 *
10 180 - 30 5
100 600 . 30 5
1,000 2,000 . 30

10, 000 5,000 : 30

* Less than | gpm




fades i g B

2.5 inch diameter wells are driven to a depth of 30 feet and furnished
with a five foot screen. If the groundwater table is located 10 feet
below ground and the soil permeability is 100 gpd/sf, each well will
discharge about 11 gpm under steady state conditions, and develop a
cone of influence having a radius of 300 feet and a drawdown of five
feet. The cones of influence around each pumped well site will keep
the groundwater level from encroaching on the aerobic treatment zone
during periods of high groundwater recharge (14).

The installation of a pumped subsurface drainage system has
certain advantages over a gravity system. Wells may be installed at
random locations using a portable drill rig. The piping connecting
the wells to the pump can be assembled on the surface of the ground
and sections of the land application site can be dewatered as desired.
Where soils are highly permeable, fewer wells having larger diameters
can be used thus greatly reducing unit development costs. Unlike the
gravity type systems, the pumped underdrainage system allows samples
of reclaimed water at particular points to be examined or monitored
for quality of treatment.

G. Spray Irrigation for Treatment of Wastewater Effluents

1. Application Rates

The recommended rate of application for wastewater appli-
cation of the various soil groups would be +0.25 inches per hour.

Weekly applications up to two inches per week could either
be a single application or two equal applications, however, drainage
considerations would probably favor the latter. Weekly applications
greater than 2.5 inches would be sufficient to saturate even very
permeable soils during wet years.

2. Effluent inputs of wastewater constituents under the
two inches per week spray irrigation application were calculated for
an assumed quality of secondary effluent for systems operated for 26
weeks each year (Table 17).

a. Nitrogen

Total nitrogen in the secondary effluent was assumed to
be about 20 mg/l consisting of organic-nitrogen (2 mg/l), ammonia-
nitrogen (10 mg/l), nitrate-nitrogen (8 mg/l% and a negligible amount
of nitrite-nitrogen. Only about 95 percent (19 mg/l) of the total
nitrogen in the secondary effluent is readily available for crop use.
The remaining 1.0 mg/l consists of resistant nitrogenous organic
compounds which are not easily degraded.
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; TABLE 17
I Annual Nutrient Additions to Spray Irrigation Sites for :
Applications of 2. 0" of Secondary Effluent per Week !
.=’  | Effluent Quality Annual Inputs ;
: Nutrient (mg/1) a/ b/ pounds per acre-year ?
k1 3
3 4: N 20 235 ;
: P 13 153
SO, 42 499
cl 100 1178 ]
Ca 40 471 |
Mg : 17 200.3
K 12 141.4
Na 40 471
! Mn 0.2 2.4
Phenols 0.3
| cd . 0.1
Cr 0.2
.I Hg 0.005
L J
1 Pb 0.1
Al 1.0
; Fe 0.1
E Cu 0.1
E : B 0.7

\ Zn 0 &

a/ Ref 19 and 39
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Under normal agricultural practices, nitrogen losses
due to denitrification in the soil can be about 30 percent of the
nitrogen inputs. Therefore, crop available nitrogen as well as the
amount which could conceivably be leached through the soil is only
about 13 mg/l or about 65 percent of that applied. Total annual addi-
tions in spray irrigation system inputs would be about 235 pounds per
acre, however, only about 157 1b/ac of crop available nitrogen is
applied during the 26 weelk application period.

Compared with amount of nitrogen taken up by various
forage crops, annual inputs of available nitrogen would not be suffi=-
cient to satisfy crop needs (Table 18). Under normal agricultural
conditions growth and harvesting of forage crops can remove about
165-220 pounds of nitrogen per acre per year, Therefore, if crop
nitrogen needs are to be satisfied, additional nitrogen may be needed
in spray irrigation areas. Field studies (25) have shown that applica-
tion of secondary sewage cffluent can increase crop production and
che uptake of applied nitrogen. Nubrient requirements can be easily
satisfied by adjusting upwards the weekly application rates to supply
the additional fertilizer needed, but care must be taken to ensure
that an aerobic root zone is maintained. Larger additions of waste-
water may waterlog agricultural soil, which could reduce crop produc-
tion.

Since crop uptake of applied nitrogen will be greater
than that applied during weekly application(s), it may be assumed
that the amount of nitrogen available for leaching through the soil
will be quite low, probably less than 2.0 mg/l beneath cropped
areas.

Spray irrigation to forested land has been shown to
increase tree growth through nutrient use. Sopper (46, 47) observed
2-l in/wk application of secondary effluent to mixed hardwood forests
significantly increased tree diameter and height.

Initially, effluent applied to the forest areas received
substantial renovation. Nitrogen removal was about 70-80 percent
during the initial two years of the study, however, removals decreased
to about 30-50 percent (10-20 mg/1) after six years. One reason for
the reduction in the nitrogen renovation was the total annual nitrogen
inputs to the forest operation were not offset by comparable removals
through crop harvesting or nitrogen loss through natural processes.
Fffluent addition in association with the annual recycling of foliage,
‘wir, and bark nitrogen without substantial nitrogen removal eventually
results in H03-N being carried through the soil, It may be possible
“ha' with proper management practices to include rapid maturing tree
toe les, with frequent harvesting plus operational practices to en-

ance dernitpification processes, an acceptable nitrate level could be
win ained (i.e., less than 10 mg/1).
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TABLE 18

Crop Yjelds and Removals of Major and Secondary Nytriepts

| Crop ’ Nutrient Removed (1b/ac)
E | Crop -oduction | N | P K| Ca Mgl $S
[orn grain (15.5% moisture)® hsobu/ac  |125 |22 | 28f 3 {10 |10
rn_silage (75% moisture)® | 2sT/ac__ |165 |30 |1s0| 45 |s@
hissifa-Brome (10%)3/ 5T/ac 1220 |30 1166 90 _Q_LFQ_
Grassest/ b/ 5T/ac 170 |18 | 165 45
sT/ac__ {141 |2 ¥
166 | 35 {
ST /ac 237116 12101 20 :
sT/ac |17 |1
k
' 1/ Timothy, bromegrass, orchard grass, bluegrass ‘
i a/ Ref 16
3 b/ Ref 36
{
k|
|
4
E |
'{ z
k|
|
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b. Phosphorus

Phosphorus applied to the land in spray irrigation areas
should be effectively removed through crop uptake and harvesting and
reactions in the soil complex; ion exchange, chemical reaction and
physical adsorption. Plants are known to take up phosphate for use
in photosynthetic and metabolic processes, thus periodic cropping of
the application site will remove an important amount of phosphorus
annually. Although phosphorus uptake can vary among plant species;
alfalfa and various grass species generally remove about 20 to 30
pounds of phosphorus per acre during the growing season (36). Thus,
under good agricultural management, phosphorus must be periodically
applied as fertilizer to compensate for this removal. Under the
2 in/wk application rate, annual phosphorus addition would be about 153
lb/ac-yr of which cropping would remove from about 16 percent of the
annual inputs (Tables 17 and 18).

Phosphorus remaining would be available for fixation in
the soil through various soil chemical reactions. Altchough the reactive
mechanisms are not well-defined, it is known that soil adsorption and
fixation can immobilize considerable phosphorus., Investigations of
long~term fertilizer applications has found that very little phosphate
is carried in rain water percolating through the soil (21). Studies
in which sewage effluent or industrial wastewaters were applied to
the land have shown that soil immobilization mechanisms can remove
90=99 percent of the applied phosphorus (L4).

Studies of soil which received large amounts of phosphorus
over long periods, give some idea of the magnitude of the soil-fixation
capacity. Kardos (26) determined adsorption capacities of about 2,000
pounds per acre foot; while Murphy (37) found California Aiken clay
loam capable of fixing 8,000 pounds of phosphorus per million pounds
of soil. In light of these studies, it seems safe to assume the loamy
and medium to coarse sand soils in the study area may have the capacity
to fix at least 4,000 pounds of phosphorus per acre-foot of soil before
losing their ability to effect a 90 percent reduction in the phosphorus
content of percolating wastewater. Assuming the phosphorus content of
the secondary effluent applied to the soil during the 26-week effluent
application period is about 13 mg/l as Pou-P, approximately 153 pounds
of phosphorus per acre would be applied annually. Subtracting the
phosphorus removed by forage cropping, the net gain in phosphorus would
be about 128 lb/ac-yr (Table 19). If the soil removal capacity was
4,000 lb/ac-ft as P and effective soil depth was five feet to water
table or drainage tile, the projected useful site life to remove P
would be about 150 years at 2.0 inches per week, The projected longe-
vity could well change following the necessary field and laboratory
investigations defining the phosphorus adsorption and fixation.
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TABLE 19

PHORPHORUS ADDITIONS AS A FUNCTION OF TIME
UNDER 2 INCH/WEEK APPLICATIONS

;3 , Phosphorus Inputl/ Net Phosphorus Applied 2/

| 3 Total Net rmcscssacee—- —===years ——

E (1b/ac-yr) 10 20 3 L0 50 60
153 128 1280 2560 38Lo 5120 6400 12800

1. Assumes 26-week application period annually, and P concentration
of 13mg/l ,
2. Assumes a 25 lbjac-yr P removal by crops harvesting (39)

c. Sodium, Calcium, Potassium and Magnesium

Although these elements are all found in natural soil
systems, they are usually present in limited available amounts in the
New England soils. In certain circumstances particularly near the
seacoast and in tidal areas, the soil salt concentration can be suf-
ficiently high to limit growth of certain kinds of plants. Salt
~evels (Table 7) in sewage effluents proposed for application tocrop
.and are not sufficiently high to adversely affect more than the most
sensitive plants and should not present any difficulties to agricultural
crops (41). Salt sensitive crops such as radishes and green beans
could possibly receive effluent application under proper managsment
situations; however, effluent application to vegetable crops is not
likely, at this time, for reasons related to public health. Fruit
trees have a low salt tolerance but should not be adversely affected
by the effluent salt levels assumed here. Forage crops, corn, alfalfa,
and grass species are moderate to highly salt tolerant. Therefore,
effluent quality anticipated here should not result in any adverse
plant responses due to salinity.

bl G i e
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On the other hand, soils themselves may be susceptible 4
to degradation due to excess adsorption of monovalent ions in the |
applied wastewater. The relationship between such cations in waste-
water as calcium, magnesium, sodium and potassium, is important to soil
structure. When the ratio of Na+ ions to the other cations, especially
Ca+2 and Mg+2, become too high, sodium tends to replace Ca+2 and Mg+2 ;
ions from the clay particles. Predominance of Na+ ions on clay particles
has the effect of dispersing soil particles when freshwater is applied
resulting in decreased infiltration and permeability which in effect
can "seal" the soil surface horizon.

rre

Identification of potential salinity hazards due to appli=-
cation of wastewater effluents to soil and crop can be ascertained from
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the electrical conductivities of the irrigation water. The U,S.
Department of Agriculture Salinity Laboratory (41) determined that
irrigation waters with electrical conductivities in the range of 100=-
250 umhos/cm at 25°C have a low salinity hazard; those with conductivi-
ties of 250-750 have a medium hazard; those of 750-2, 250 umhos/cm are
highly hazardous; and waters with electrical conductivities above 2,250
umhos/cm are considered very hazardous to crop production. The
electrical conductivity of the irrigation water proposed for cropland
would fall within the medium salinity hazard category. However, pre=-
cipitation falling over the year would leach some accumulated salts
through the soil and thus alleviate same possible salinity hazards to
salt intolerant crops.

Coastal communities with sewer lines in the "Saline
Plain" (the land area in which the sewer collection and transmission
lines are susceptible to seawater infiltration or direct inflow during
the tidal cycle) should carefully consider the potential salinity
problems to crop and soils when considering land application as a
wastewater treatment method. Where seawater comprises even a small
portion of wastewater flow, a substantial increase in conductivity
would occur, making the effluent undesirable for irrigation purposes.
For example, if five percent of a community's wastewater flow was
made up of seawater (electrical conductivity of 35,000 umhos/cm), the
resulting effluent conductivity would be around 2,225 umhos/cm, which
would be highly hazardous to crop production and soil structure if
applied to agricultural land. If saltwater comprised even one percent
of the total wastewater flow, the effluent conductivity would be gbout
825 umhos/cm which would still be highly hazardous to crop production
and soil structure.

In view of the fact that sewer lines degrade over time,
the percentage of scawater in the wastewater flow could be anticipated
to increase where collection systems lay in the "saline plain." Coastal
communities considering land treatment methodologies would have to
install sewer collection systems above the "saline plain" plus imple-
ment measures which would prohibit direct saltwater inflow to sewer
lines. '

Calcium, magnesium, potassium and sodium levels assumed
for the effluent applied to the land are given in Table 17. The
sodium adsoprtion ratio (SAR) of the effluent is 1.3l4, thus the efflu-
ent should not create problems when applied to crop land. The exchane=-
able sodium percentage should increase slightly but would not lead to
excessive levels of exchangeable sodium.
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d. Chloride i

The chloride ion is not adsorbed by soils to any extent.
The actual quantity of chloride being applied appears to be substantial,
but since it readily leaches, these levels are not viewed as being
critical. Since the soil does not adsorb chloride, the total quantity
) of chloride applied is of lesser importance providing sufficient water
E | is applied to leach the soil (one inch per week or greater). The con-
‘ centration of chloride in the drainage effluent is expected to be
near that being irrigated. Most of the crops under consideration will
tolerate this level of chloride, including hay and corn.

e, Sulfate
3 No values for sulfate were available, thus, it is not
3 possible to calculate the quantities that would accumulate in soil.

Sulfate adsorption by soils is discussed by Ellis (16).

f. Trace Nutrients ("heavy metals")

The following section explicitly addresses trace nutrients
and their plausible impact upon the soil-vegetative system. After con=-
siderable effort to identify and quantify trace nutrients present in
municipal and industrial wastewater of the Boston Harbor-Eastern
Massachusetts Metropolitan Area, it became apparent that only an ex-
tensive wastewater monitoring program could provide this information.
Present EPA guidelines specify the quantity and concentration of
pollutants in industrial wastes which may be discharged to receiving
streams and municipal sewers. It is assumed that pretreatment of in-
dustrial wasetwaters would be sufficient to meet the "Proposed 1973
Water Quality Criteria" (19) for trace nutrient in irrigation waters
under continuous application. Further, it was assumed that industries
discharging to municipal sewers would not dilute toxic industrial
wastes in the municipal wastewater flow. Rather, the municipalities
permitting industrial discharges to municipal sewers would police these
discharges to prevent dilution of trace nutrients of industrial origin
in domestic wastewater flows.

ooty e i s e s
et e e ol . S —

For purposes of this discussion, the following trace
nutrients (sometimes referred to as heavy metals) were considered:
aluminum, boron, cadmium, chromium, copper, iron, lead, manganese,
mercury, nickel and zinc.

levels of trace nutrients in secondary effluent, i.e.,
proposed "1973 Water Quality Criteria" for irrigation water, the quan-
tities of trace nutrients taken up by plants and the net annual addi-
tions under 2.0 inches per week are displayed in Table 20.

«,
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Data given in Table 20 shows the pounds of each nutrient
added to each acre under the 2.0 inches per week effluent application
rates over 26 weeks of spraying time each year. Nutrients added under
E- | a particular spray regime can be compared with the average total
o ’ amount of the metal found in an acre of soil. Although most trace
nutrients may be considered fairly evenly distributed through the soil
k| profile, there can be important changes in composition with depth.

E | i As a result, average values discussed will pertain to the acre furrow
slice unless otherwise specified. Accumulation of nutrients in the
soil with respect to "normal residual" content of metals already pre-
sent in the soil gives one measure of the impact that trace nutrients
addition may have on the soil system. Such information is of limited
value, however, because the fixation, leaching and plant uptake poten-
tials are governed by the form in which metal exist in the soil
solution.,

/ Knezek (16) has assessed the probable impact of 13 micro-

H nutrients and heavy metals on soils and crops in land treatment systems.
It was pointed out effluent additions would greatly exceed crop removal,
a point which is illustrated by data in Table 20.

Data clearly show three tons of corn silage (dry weight)
per acre would remove one percent or less of most trace nutrients
added on an annual basis. Cenerally, the rooting zone of a plant
already contains one hundred to one hundred thousand times the amount
of a trace element likely to be removed by any one crop (Table 20).

A real potential danger in spray irrigation using effluents containing
metals, is in surface adherence to leaves of crops and possible foliar
adsorption into the plant.

Basically, the proposed spray irrigation system must be
viewed in terms of the capacity of the soil to fix metals so that they
will not be toxic to plants or soil microbes nor leach into the drainage
water. Each of the elements will be discussed in terms of adding
effluent at the rate of two inches per week for 26 weeks per year.
Unless otherwise stated, metal will be assumed to remain in the acre
furrow slice of the soil. 1

B S R I S

Arsenic

2 : Arsenates ‘n soils compete for the same fixation sites
that are utilized by phosphorus. However, the arsenates are bound in
the soil with less strength than phosphates and there is a greater
potential of leaching arsenates through the soil profile as the phospho-
rus adsorbing capacity of the soil becomes saturated. A whole range
of total arsenic values from 0.3 to over 100 pounds per acre have been
reported on normal and arsenic contaminated soils. Although arsenic
concentration may be increased in plant tops, there is little danger
of animal toxicity. The effect of arsenic toxicity on plants is such
that plant growth is limited before large amounts of arsenic are ade
| sorbed and translocated to the top (1, 33). The concentration of
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arsenic in corn tops has been increased to about 3 mg/1 without plant
toxicity. There should be little problem with leaching, plant uptake
or plant toxicity or arsenic unless the phosphorus adsorbing capacity
of the soil is nearing saturation. Several recent articles (15, 61,
62) tend to confirm the soil and plant reactions of arsemic.

Boron

If the relatively high amounts of boron projected for
effluents are applied to the soil, there may be serious leaching to the
drainage water and possible plant toxicity depending upon the crop being 1
grown. Rhoades, et. al. (42) have stated that many plants are deleter-
iously affected by boron concentrations in the range 0.5 to 5 mg/liter.
Toxic levels of soluble boron may be removed from soils by leaching, but
not as fast as chloride or sulfate. Ellis and Knezek (17) have reviewed
the bonding mechanisms for boron in soils. The soil may adsorb sufficient
excess boron over a period of time to actually increase the level of
soluble boron above the 1,0 mg/liter limit after the first year (43).

Corn and most other cereal grains are semitolerant to boron while most 3
sensitive plants, such as navy beans, will tolerate 0.7 mg/liter of %
boron (41). The soluble boron levels could approach toxic levels in the
soil even for corn. A further assumption must be made that after the
first year of spraying wastewater, boron will essentially be moving out
in the drainage water at a concentration equal to or greater than that
which is applied depending upon the rate of water loss by evapotranspir-
ation.

Cadmium

The chemistry of cadmium is similar to that of zinc and
the soil bonding mechanisms of zinc have been recently reviewed by
Ellis and Knezek (17). Recent research by John, et al. (24) has
shown that 90 pounds of cadmiwn added to a soil surface over several
years did not move more than four iaches into the soil profile. Their
work on cadmium uptake by oats and studies by Traynor and Knezek (51)
in Michigan on corn show little increase in plant uptake at the levels
of cadmium to be applied. Unless very soluble and mobile complexes
are formed with low molecular weight organics, there should be little 3
or no movement into drainage. i

Lagerwerff (28) has recently reviewed cadmium in the
enviromment, including soils and plants.

Chromium

The amount of chromiun which will bte added to the soil
is well within the amounts normally found in soils (Table 20). Walter,
Traynor, and Xnezek (59) have found that certain soils have a large
capacity to [ix chromium and leaching into the drainage water should
not be a problem. Many times when naturally occurring chromium toxicity




to plants was suspected, the concentrations of chromium in plant tops
was the same as for normal plants. Walter, et. a. (59), found similar
results with corn in Michigan, but Turner and Rust (52) found uptake
of chromium by soybeans from nutrient solution. They did show apparent
toxicity to soybeans in soil culture at ten pounds of chromium per
acre, but no uptake data were given for plants grown on soil culture.
Apparently, no danger exists from the injection into the food chain,
but the toxicity potential of chromium in the proposed system is not
clear.

Copper

Most of the copper will be bound in organic or clay com-
plexes near the soil surface. The bonding of copper in soils has been
reviewed by Ellis and Knezek (17). There should be no toxicity problems
and minimal leaching of organic complexes containing copper into the
drainage water will occur. Reuther and labanauskas (40) have reviewed
the chemistry and toxicity of copper in soils. The soils prorosed
should adsorb the copper being added for an indefinite period of time
at the rate and quantity being proposed if the soil pH is maintained
near 7.0.

Iron

The iron added to the soil is considerable in quantity
but will be rapidly fixed by precipitation and surface adsorption.
Iron is rarely toxic to plants. There may be some leaching into the
drainage water in the form of organic complexes due to high level of
iron addition, but the level should be less than the 0.3 ppm drinking
water standard. Addition of such large quantities of iron to the root
zone of plants could influence plant nutrition by interaction with
the uptake of several nutrients such as manganese and zinc (45, 58).

lead

Iead addition to the soil will be relatively low. There
should be no movement into the drainage water, and plant uptake will
probably not be influenced at the levels applied. However, Cox and
Rains (13) have reported considerable lead uptake from severely con-
taminated soils (64 to 196 1bs of lead per acre). The subject has
been reviewed by Lagerwerff (28).

anese

When manganese is added in excessive quantities, soluble
organic complexes can move through the profiles. In the amounts to
be added in wastewater effluent, all of the manganese will be fixed
in the profile with no significant quantity going to the drainage
water. There is no possible plant toxicity danger if the pH is maine-
tained at pH 7 or above and there may be real possibility of manganese

7
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deficiency induced by the high pH and iron application levels (45).
The subject of manganese in soil and plant systems has been effectively
reviewed (L40).

Lhrcm . 3

k- | The chemistry of mercury in soils is similar to that of

- copper and leai. The soluble mercury will be rapidly fixed by the

E | organic and clay fractions of the soil and there will be little move-
4 ment through the profile and probably no significant increase in plant

uptake at the levels being applied in the effluent. Extreme potential

taxicity of certain forms of mercury, such as methyl mercury, warrant

a close investigation of the form being added to the soil and subse-

4 quent soil conversions. Lagerwerff (28) has recently reviewed mercury

] chemistry and toxicity in plants and soils.

Nickel

The chemistry of nickel in the soil is similar to that
of cadmium or zinc. The soil should have adequate capacity to adsord
nickel without appreciable leaching to drainage water and without
toxicity to plants (51). The high amount of iron being added in the
effluent will probably retard the plant uptake of nickel. Numerous
studies of mickel toxicity from serpentine soils have been made. The
levels being added in the effluent of the present system should give
no serious problems (23). The soil and plant chemistry of nickel has
been reviewed by Vanselow (56).

Selenium

. | The knowledge of selenium chemistry in soils is limited.

i Where selenium additions to low-selenium soils have been followed by
repeated measurements of seleiium uptake by plants, over 90 percent of
the added selenium remains in the soil even after two or three years
of continuous cropping and plant removal (1). Nearly all of the soils
on which high selenium (above 5 ppm) grasses and grains have been grown
are neutral to alkaline and frequently contain free calcium carbonate
and calcium sulfate. The difference in selenium availability in acid
and alkaline soils has been attributed to the formation of insoluble
compounds or complexes of ferric iron and selenite in acid soils and
to the formation of relatively soluble selenates in alkaline soils (27).

e
e

Underwood (53) has quoted work indicating that soils con-
taining more than 0.5 ppm selenium should be regarded as dangerous.
Plants have been divided, from the point of view of toxicity, into
three classes according to their capacity to assimilate selenium. These
are: (1) those showing a limited tolerance (up to about Sppm); (2)
those which adsorb moderate amounts (up to 30 ppm); and (3) those
i accumulator plants that adsorb more than 30 ppm. Most grasses are in
1 the first class and all cerals are in the second class. There could
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some leaching into the drainage water as some forms of selenium are
mobile, some potential for plant uptake from soil at toxic levels for |
animals and humans and a possibility of plant toxicity after a few i
years of application exists. :

Zinc

E | - Although the zinc additions appear to be high, similar

R amounts of zinc have been added to comparsble soils to prevent defi-

/| ciency in field beans and corn (57). The soil bonding reactions have
been reviewed by Ellis and Knezek (17). There should be no leaching
to the drainage water and no plant toxicity danger unless a sensitive
crop such as field beans is grown on the soil. Allaway (1) has indicated
that some increase in the zinc content of crops used for feed would
be nutritionally beneficial. The soil and plant chemistry of zinc
has been reviewed by Chapman (11).

Special Considerations

The foregoing evaluation has been made on the assumption
that the metals in the effluent will be inorganic ions, metal precipi-
tate suspensions or weak natural metal organic complexes, Addition
of relatively powerful synthetic chelating ligands or metal chelates
of substances such as nitrilotriacetic acid (NTA) or ehylenediaminete-
traacetic acid (EDTA) or similar compounds will drastically alter the
conclusions of this report. The presence of chelating ligands will
increase the mobility of metals through the soil profile, increase
plant uptake, reduce soil fixation of metals and either increase or
decrease plant toxicity depending upon the nature of the system.
Substantial quantities of metals could leach into the drainage water

= if synthetic chelates are present.

At the organic loads specified in the data provided for
this report, it appears that there should not be a significant danger
of mobilizing metals through the profile and into the drainage. How=
ever, if the organic load is increased and contains 50 percent fulvic
acid compounds as indicated for secondary effluent, significant metals
loads could be moved through the soil profile and into the drainage
water. i

i B e sl ot o

The possibility that boron might be toxic to some crops i
was pointed out. The eight pound/ac of B calculated for 2,0 inch/ :
week effluent would exceed the three 1b/ac recommended for correcting
deficiencies in responsive crops such as alfalfa. If this quantity
was used in a banded fertilizer application for sensitive crops (beans,
soybeans, small grains), it would almost certainly produce severe
injury. Broadcast applications of three pounds or more on pea beans
have produced toxic symptoms, whereas up to eight or ten pounds were
broadcast on soybeans before toxic effects were produced.
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While there is a potential hazard to sensitive crops from
boron, the conditions of application in wastewater will greatly mini-
mize potential hazard. Annual inputs will be distributed by small
increments over 26 weeks of the year. The effective concentrations
will be attenuated by leaching, redistribution through larger volumes
of soil and be reversioned to complexed forms not directly available
for uptake by plants.

B afdianme e

‘ There remsins the possibility that the boron-adsorbing capa-

‘ city of soils may be saturated over time and that the concentration in
soil solution and percolating water will approach that of the applied
effluent. Consideration should be given to identifying and reducing
sources of the boron which appear in waste effluents.

Anotiaer possible nutritional problem stems from the concen-
tration of zinc in the effluent. Deficiencies in beans and corn may
be accentuated on certain glacial outwash soils, as well as on acid
soils if excessive quantities of lime are used to correct acidity.
Such deficiencies are readily identified and can be corrected.

With the possible exception of boron, there is little likeli=-
hood that any of the micro-nutrients or heavy metals in the effluent
of Table 18 will accumulate to dangerous levels in plants or move
into drainage in concentrations to exceed drinking water standards.
Most will be immobilized by interacting with mineral and organic
colloids, most probably in the soil surface.

As noted by Ellis, et. a. (16), toxic activities will be :
reduced and stabilization of heavy metals promoted by maintaining soil
pH near neutrality. Liming acid soils to pH 6.5 is reconmended here.
It appears inadvisable to correct to a higher pH, since retention of
bases from the effluent may lead to further increases in soil pH.

The extent to which this may or may not occur will depend on exchange
capacity and mineralogy of the soil and on the composition and proper-
ties of effluent from a specific source.,

i ‘-‘ .
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H. Proposed Rapid Infiltration for Treatment of Wastewater
Effluents

The daily flood application of large volumes of waste-
water effluent to a relatively small confined land area consisting of
permeable stratified sands and gravels for the purpose of additional
renovation or disposal of wastewater effluents has commonly been termed
rapid infiltration. This mode of land treatment of wastewater has been
used most extensively in arid climates to further renovate municipal
and industrial wastewater effluent prior to recharging groundwater
aquifers or for agricultural use. While much of our technical under-
standing of rapid infiltration for wastewater treatment has been gained
in arid climates, this mode of wastewater has also been utilized in
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New England for more than thirty yeers to provide final treatment/
disposal of domestic wastewater effluents. Sewage treatment facilities
at Ft. Devens (44) and Otis Air Force Base, Massachusetts and Lake
George, New York (5) have incorporated rapid infiltration as the final
step for wastewater treatment.

Until recently, rapid infiltration was viewed as an
"out-of-sight, out-of-mind" disposal mechanism for partially treated
sewage effluents. Following the disposal concept, the design and
operation criteria for the rapid infiltration system was based upon
the hydraulic capacity of the site. Organic matter loading while
often & consideration was important only as it pertained to hydraulics
of the system. Management of the application rate and flooding cycle
was only to prevent or correct capacity rather than achieving effective
effluent renovation. Recent studies of rapid infiltration systems
have shown effective renovations of applied sewage effluent is possible
and with proper management, acceptable groundwater quality and a sus-
tained infiltration rate can be maintained.

Investigations of the wastewater treatment facility at
Ft. Devens, Massachusetts, which includes 22 rapid infiltration basins
for final treatment of unchlorinated primary sewage effluent, have shown
rapid infiltration system can renovate the applied primary effluent to a
quality much better than conventional tertiary treatment at less cost.
Groundwater quality at the Ft, Devens facility showed BOD5, COD and total
coliform bacteria levels of unchlorinated primary effluent were essen-
tially removed after passing through the sand and gravel layers of the
treatment basins., Organic nitrogen and ammonia-nitrogen were greatly
reduced as well as the level of phosphorus (5).

Since rapid infiltration systems are operable throughout
the year, there is no need for storsge lagoons. The elimination of
storage lagoons and the greater quantities of wastewater effluent which
can be treated per unit of land area reduces the land requirements for
rapid infiltration to less than ten percent of that needed for spray
irrigation.

1. Effluent Quality

The degree of pretreatment given the wastewater applied
to the treatment beds will greatly affect the quality of resulting
renovated water and management practices followed. It was assumed
wastewater effluent applied to rapid infiltration sites would be munici=-
pal wastewater which had received the equivalent of secondary treatment
in conventional secondary facilities. All industrial wastewater dis-
charging into municipal sewers were assumed to have been pretreated to
remove toxic organics and trace nutrients (heavy metals). Oils and
greases would be removed during pretreatment processes so none would
be applied to the treatment basins. Characteristics of the effluent
applied to the treatment beds was assumed to be that given in Table 17.
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2. Operational Cycle

Laboratory and field investigation of the effluent
application has shown the importance of management procedures by
which treatment basins are inundated for a period of time then allowed
to dry before effluent is applied again. In arid climates of Arizona
(9), California (32), and Israel (2, 3), investigation of rapid infile-

{ tration systems concluded that continuous or very long inundation
4 periods would result in eventual clogging of treatment basin surface
' and negligible infiltration rate. Reduction of the infiltration rate
has been directly related to accumulation of organic material and 1
microbial growth on the filter medium which reduced soil porosity.
Regeneration of infiltration rate is accomplished by aerobic microbial
decomposition of organic matter during the recovery or drying period
- of the operation cycle. Recovery period is important not only to the
. infiltration rate but also is an important consideration when manipu-
lating the length of the inundation and recovery periods to provide
optimum conditions for non-structural methods of nitrogen removal.

Studies of the application drying cycle, have primarily
been carried out in dry climates. Bouwer (9) found a lli-day effluent
application period followed by seven days of drying would sustain the
infiltration rate over the long term while improving the quality of
effluent. Amramy (2, 3) investigated a number of application cycles 3
and determined the ratio of wetting to drying periods should be in
the range of 1:2 to 2:1. He observed good renovation of secondary
effluent following seven-day wetting period and 1l4-day recovery cycle. ' -
Field studies and laboratory tests conducted by Lance (30, 31) and 4
Bouwer (10) found two days of effluent application followed by five to
14 days recovery time was well suited for nitrificati on of the organic
and ammonical forms of nitrogen but was not best for removing nitrogen
by denitrification. Satterwhite (L4) observed application of primary
sewage effluent for two days followed by 14 days recovery, at Fort
Devens, has maintained an acceptable infiltration rate while enhancing
nitrification of organic and ammonia nitrogen. Although total nitrogen
levels were reduced 40-60 percent, NO;-N levels in the groundvater
surrounding the infiltration area ranged from 10-20 mg/l. Where the
purpose of rapid infiltration is to remove or reduce nitrogen in re-
claimed water, short application periods in association with long
recovery periods should be avoided. Since nitrogen removal was an
integral consideration in formulating rapid infiltration systems, the
operational cycle proposed would facilitate non-structural methods for
nitrogen removal from secondary sewage effluent while maintairning
adequate renovation of other wastewater constituents. The application
cycle of 14 days inundation followed by seven days recovery was pro-
posed.
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3. Application Rate

Effluent loading rates, 0.3-0.8 ft/day (31, 60) together ]
with system management have brought about considerable differences in
effluent renovation. Lance and Whisler (31) observed 75-80 percent
nitrogen removal when secondary effluent was applied to sand filters 1
at approximately 0.5 ft/day for an annual total of 125-150 ft. Higher !
application rates, 1.1l ft/da.y, treated larger volumes of secondary
effluent, 280 ft/yr, but nitrogen removed was only 30 percent of that
added. The application rate selected for this study, 0.33 ft/day,
was based on guidance from Massachusetts Department of Public Health
(4). Using this loading rate and the operational cycle previously
discussed, the acreage required to treat a wastewater flow of one
million gallons per day (1 MiD) was calculated to be about 18.4 ac.

-
|
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: The amount of wastewater treated annually under this

4 application rate and operation cycle would total about 83 feet. Com-
pared to experiences at the Flushing Meadows project, this loeding
rate and volume of water effluent treated appear quite conservative.
However, this may be warranted in view of the scarcity of available
operation and performance data for rapid infiltration treatment facili-
ties in New England.

As discussed previously, a&ll rapid infiltration sites i
would not be operated continuously throughout the year. During the :
summer months, only about 62 mgd would be treated on the 3110 acres of 3
rapid infiltration sites in the Bourne-Sandwich area. .

To calculate annual nutrient addition to the rapid infile
tration site, it was assumed that all 3110 acres in the Bourne-Sandwich
area would be inundated about the same number of days during the year
period.

Using an application rate comparable to that used in
normal winter operation, the 3110 acres would receive about 32.3 ft
secondary effluent during the summer months. An additional 64 feet
would be applied during the winter operation for a total addition of ;
about 95 feet of secondary. effluent. »

e O o St B Boimras ot Vm .

The 210 acres of rapid infiltration sites in the Freetown- E
Fall River area would be operated only during the winter half of the
year and would receive about 63 ft/yr of secondary effluent.

k. Organic Material

ikt

Additions of organic material as expressed in terms of

five-day bio=-chemical oxygen demand (BODs) and chemical oxygen demand
(COD) are dependent as are other wastewater constituents upon concen-

tration in the effluent, application rate, and operation cycle followed.
BODg and COD levels assumed here were 30 mg/l and 70 mg mg/l, respectively.
Annual BOD5 loading under the proposed application rate and application
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cycle would be about 5,130 lb/a.c at Freetown and 7,760 at Bourne-
Sandwich sites while COD loadings would be 11,770 lb/ac and 18,110
lb/ac in the two areas. Although these levels may appear high, studies
of the infiltration-percolation which treat primary or secondary
wastewater effluents have shown substantial amounts of material can
be effectively treated without impairing renovation effectiveness of
treatment basins. Investigations of the Ft. Devens, Massachusetts
sewage treatment facility have found annual BOD. and COD loadings of
28,500 1b/ac and 47,600 1b/ac, respectively, did not reduce infiltration.
After some 30 years operation, BODS and COD levels in the groundwater
were 2.5 and 19 mg/l, which represent about two percent and five per-
cent, respectively, of the BOD. and COD levels of applied primary
effluent. Organic matter inpufs to the treatment bed= at Ft. Devens
plus the annual increment of plant material, growing naturally on
the surface of the infiltration beds, has not clogged the filter
surface so as to impair infiltration or continued removal of organic
constituents (4L4). Other studies of treatment infiltration basins to
renovate secondary effluents have shown similar results. Bouwer (9)
found BOD= of secondary effluent applied to rapid infiltration basins
was reduced to zero in groundwater. COD levels were reduced from

50 mg/1 to 17 mg/1 after percolating through sand and gravel to the
groundwater.

Investigations of the infiltration basin operated for
more than 30 years at Lake George, New York, revealed similar reduc-
tions in BODg levels for secondary effluents passing through ten feet
of permeable sand and gravel (5).

From these investigations, it seoms reasonable that under
proper management, the BOD5 and COD levels assumed here can be adequately
removed from wastewater effluent as it moves through permeable sand
and gravel strata of the treatment basin. It is important to note
industrial effluent with high levels of organic matter or effluents
containing grease and oils should receive prior treatment to meet
the assumed effluent quality in order to avoid clogging the treatment
basins.

5. Nitrogen

level of total nitrogen in the secoadary quality effluent
applied to the rapid infiltration basin was assumed to be about 20
mg/1; approximately 10 mg/l NH),-N, 9 mg/1 NO3=N, 2 mg/l organic nitrogen
and negligible NO,-N. Under the proposed application rates and opera-
tion cycles, total quantities of nitrogen applied to the treatment
area would be 342 and 518 1b/ac-yr for the Freetown-FallRiver and
Bourne-Sandwich sites. Soil mechanisms for removing the applied
nitrogen included crop uptake, soil fixation, and adsorption, ammonia
volitalization and chemical denitrification, all of which have limited
capacity or are short-lived removal mechanisms which eventually would
return nitrogen to the infiltration system.
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Biological fixation and accumulation of organic aitrogen
compounds in the soil of the treatment basin could account for about
3 ten percent of the nitrogen applied annually. Unless assimilated
p: nitrogen is routinely removed through crop harvesting, the biologically-
; fixed nitrogen would eventually be released following microbial decay
of organic matter.

Ammonia adsorption in the soil could remove substantial
amounts of nitrogen. During the drying period adsorbed NH)-N in the
aerobic zone would be oxidized to NO3-N which could be leached through
the treatment basins during the next application period. Control of
the mobile nitrogen may be accomplished under adequate and proper
management practices facilitating both nitrification and denitirfication
within the treatment basins.

Management practices which have been effective in reducing |
the nitrogen levels includes maintaining the proper carbon-nitrogen {
ratio in applied effluent.

Maintaining the proper C:N ratio is probably the key to
nitrogen removal by denitrification, as nitrified water moves through

the reduced zone in the treatment basins. -N and organic nitrogen
applied to the treatment beds are adsorbed in'the soil or oxidized to

NO3=N in aerobic zones of the treatment basin or water column above

the soil surface. Because the soil adsorption capacity of the treat-
ment bed is limited, the application rate must be adjusted so ammonia
and organic nitrogen additions do not exceed adsorbtive capacity.

During the recovery period, adsorbed ammonia nitrogen and organic
nitrogen in the aerobic zone are oxidized to NO;=N which in turn must
undergo denitrification. At this point, the C:N ratio becomes very
critical. The C:N ratio for secondary wastewater effluent varies

from 0.5-1.0. The stoichiametric equation for denitrification indicates
a minimum requirement of 0.7 mg of carbon per 1.0 mg N03-N, but in
actual practice this ratio has shown to be somewhat greater due to the 1
fact that some carbon is assimilated by other than just denitrifying i
bacteria. Denitrification of agricultural wastewater required about |
1.3 mg methanol-carbon per 1.0 mg NO3-N (29). Because organic carbon :
is necessary for the denitrification process, other readily available
sources of carbon could be used. One source is the primary effluent
which generally contains about 54-108 mg/l1 TOC. Bleeding primary

! sewage effluent into secondary treated sewage effluent, the C:N ratio

: B could be effectively increased to facilitate biological denitrificatin,
S once mixing ratios for optimizing nitrogen removal have been determined.
| Economical benefits gained by this procedure would be those associated

5 with expenditures for a carbon source such as methanol or glucose.

g Once a suitable C:N ratio has been achieved, the proper application
rate and operation cycles can be employed in order to create aerobic
condition for nitrification while at the same time creating anaerobic
conditions at the soil-water interface of treatment beds to achieve
denitrification.
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Investigation at Flushing Meadows found that adjusting
the application rate to 3.2-8.6 gal/ft/day, a 75-80 percent reduction
in removal of nitrogen could be accomplished following nine days of
effluent application followed by five days recovery (30, 31, 60).

Studies at Ft. Devens, Massachusetts sewage treatment
facility counted total nitrogen reduction of 4O-60 percent under a
two-day application - 14 days recovery cycle.

In order to optimize nitrification-dennitrification path-
ways for nitrogen removal, specific management and operation practices
will require field experience in the New England enviromment.

6. Phosphorus

Phosphorus level in secondary effluent treated by rapid
infiltration was assumed here to be about 13 mg/l PO)-P, which would
result in annual phosphorus additions to the treatment area of 2220
1b/ac-yr at Freetown-Fall River and 3360 1b/ac-yr at Bourne-Sandwich.
Under these application rates, capacity of sand and gravel medium to
edsorb and fix phosphorus could be a short-term feature. Adsorptive
capacity of sandy soils in the range 250-400 1b/ac/ft. Using these
values to approximste adsorptive life of a treatment site with ground-
water at 30 feet, the phosphorus adsorption capacity would be satisfied
in one to eight years.

Recent studies have shown that phosphorus adsorption in
a soil as approximated by the Langmuir Adsorption tends to under-
estimate adsorption capacity of the soil (16, 50). Soils tend to
rejuvenate phosphorus adsorption capabilities upon drying which would
extend the life of a soil to remove phosphorus. Studies of the rapid
infiltration basin at Ft. Devens, Massachusetts tend to bear this out
(44). Analysis of the soil samples taken from the treatment basins
which have received primary effluent for over 30 years show phosphorus
levels in the range 1,500-1,900 lb/ac-ft. Analysis of groundwater
samples from observation wells located around the application area

showed total phosphorus levels were generally less than 2 mg/l PO)-P
although phosphorus levels in the applied effluent averaged 1l mg/l

PO, P.

7. Chlorides

Chloride levels in effluent are not expected to be re-
duced substantially due to stability of chloride compounds and mobility
of the ion. This should result in minimal chloride retention within
the sand and gravel medium of the treatment beds. Studies of rapid
infiltration sites operated over extended periods of time show chloride
levels in percolate from these sites were approximately equivalent to
that of the applied effluent.
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8. Sulfate

Sulfate levels are not expected to increase significantly
in the treatment beds due to chemical fixation. Field studies hawve
shown increases are not large. Satterwhite (4k4) observed sulfate
levels in percolate samples were approximate to those found in the
effluent. There is the possibility some sulfate can combine chemically
with iron to form a ferrous sulfide precipitate where anaerobic condi=-
tions exist in the treatment beds. This could result in decreased
infiltration due to clogging if sufficient recovery time is rot per=-
mitted to oxidize ferrous sulfide precipitate.

9. Pathogenic Organisms

Wastewater effluent receiving additional renovation by
rapid infiltration was assumed at this time to have been disinfected
prior to application to the land either by chlorination or ozonation.
Health and economic impacts stemming from either process are discussed
in other sections of this report. 3Studies of rapid infiltration systems
which have renovated unchlorinated wastewater effluents have shown that
total coliform bacteria and fecal coliform bacteria are effectively
treated to acceptable levels for potable water supplies by physical,
chemical and biological processes of land treatment sites. Satterwhite
(44) found total coliform and fecal coliform bacteria levels in
unchlorinated primary sewage effluent were essentially removed by the
rapid infiltration system. Counts of total coliform bacteria in the
primary effluent applied to gapid infiltration treatment area wvaried
between 18 x 10° and 52 x 10" per 100 ml. Groundwater samples taken
directly beneath the treatment site contained total coliform counts
in a range 200-4,000 per 100 ml of sample while coliform counts in
samples collected from observation wells 300 feet from the application
area ranged from zero to 300 per 100 ml of sample.

o

Bouwer (9) found the number of fecal coliform bacteria
in unchlorinated secondary efgluent applied to rapid infiltration
systems ranged between 1 x 107 to 1 x 10°, but after percolating through
30 feet of stratified sand and gravel, fecal coliform counts beneath
the application area were less than 10 per 100 ml and were absent in
wells located 100-200 feet distance from the application area. Most
coliform bacteria were believed removed in the upper three feet of
the treatment basins. When long inundation periods were used, two-
three weeks, total coliform becteria MPN values were 200 per 100 ml;
however, bacteria observed under short flooding period of two to three
days were 5 per 100 ml.

Evaluation of the rapid infiltration system at Lake
George, New York has shown total coliform bacteria were effectively
treated by rapid infiltration of unchlorinated secondary sewage
effluent (5). Total counts of coliform bacteria in the effluent
numbered 600-2,400 per 100 ml of saaple. Samples taken at five=foot
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showed coliform bacteria counts were reduced to 0.- 350 per 100 ml
and after percolating through ten feet of sand and gravel the counts

ranged 15-50/100 ml.

Disinfection of effluent applied to the land in spray
irrigation systems may be a necessity because of unresolved concerns
centered around hygienic effects of aerosols. However, disinfection
of effluent applied to rapid infiltration sites may not be necessary
due to the application method and renovation obtainable as effluent
percolates to the water table.

4 Concerns of viruses applied to very permeable sand and
gravels will require additional investigation as to their fate in
rapid infiltration treatment system. Present data is inconclusive
as to capacity of soils to remove viruses, thus, additional laboratory

and field investigations are needed.

Further discussion of the possible hygienic and environ-
mental impacts associated with the proposed land treatment of secondary
effluent may be found in Volume 13C.
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IV. PROPOSED SULUDGE MANAGEMENT
A. General

Table 9 gives design information related to the treatment and dis-

posal of sludges produced at the regional treatment facilities affiliated

with the land application system. Sludges produced at four of the five
regional treatment plants will be thickened and stored prior to being
pumped to the Dedham regional water pollution control facility where all
sludges will be handled for ultimate disposal.

At each regional facility, the primary and secondary sludges will
be kept separate until after thickening. The thickened sludges will be
pumped to & central sludge handling and processing facility at the Ded-
ham regional plant. Primary sludges will be thickened in gravity
thickeners, and secondary or biological sludges, will be thickened in
flotation thickeners. Both types of sludges will be blended and put
into storage tanks at each regional treatment facility prior to being
pumped to the Dedham plant. Sufficient closed storage for sludge will
be provided at each regional plant, to hold 5 days of normal sludge
production. Sludge storage facilities at the Dedham plant will be
large enough to hold 10 days storage. Table 21 presents data regarding
storage at all 5 regional plants.

Previous studies on sludge management which were made for the
Metropolitan District Commission, Commonwealth of Massachusetts, by
Havens and Emerson in 1973, were used as guidelines in preparing the
sludge management plan (22). These studies, together with the gathering
groundswell of emphasis on conservation of energy and fuel, indicate
that all aspects of sludge management, as they relate to this plan's
development, will probably be served best if the sludge is dewatered
to as high a solids concentration as possible without any pretreatment
by heat or chemicals, and then incinerated in multiple hearth furnaces
with waste heat recovery. The complete sludge management plan consists
of the following sequential operations:

(1) Primary Solids thickening and secondary solids thickening
at each treatment plant,

(2) storage at each plant,

(3) Pipeline conveyance of thickened sludges to storage at the
Dedham plant,

(4) Chemical conditioning and vacuum filtration dewatering,

(5) Multiple hearth incineration with waste heat recovery,

(6) Ash disposal to lagoons, then truck haul to sanitary landfill.
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TABLE 21
SLUDGE STORAGE CAPACITIES ?,
AT REGIONAL TREATMENT PLANTS !
PLANT LOCATION SLUDGE STORAGE*

GALLONS 1
Woburn 700,000
Medford 677,000
Watertown 1,000,000
Canton 677,000

Dedham 2,000 ,000%%

*Based on blended sludge at 5.5 percent solids
and 5 days average sludge production.

*%10 days storage provided.




B. Sludge Conveyance System
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The thickened sludges will be pumped from four of the regional
treatment plants (Woburn, Medford, Watertown, and Canton) to the Dedham
facility where they will be stored prior to dewatering and incineration,
The sludge conveyance system will consist of force mains extending from j
Woburn to Dedham and from Canton to Dedham. Figure 14 shows a schematic 1

! : diagram of the sludge conveyance system. Slude will be pumped by means :

A of trash pumps to the Dedham plant. The sludge force mains will be

| placed in public rights-of-way in streets and roadways. Sufficient
capacity has been provided in the conveyance piping system to enable
each regional plant to pump sludge without restriction. Pumping cape- |
city at each plant is adequate to pump down storage tanks within a }
24-hour period. ‘ ‘

C. Sludge Dewatering

At the Dedham WPCF, sludge will be pumped from storage facili-
ties, as shown in Figure 1L, to the sludge dewatering building where
vacuum filters will dewater the sludge to produce a sludge cake having
a moisture content ranging from 70 to 75 percent. Provision will be
made to chemically condition the sludge with lime and ferric chloride,
or organic polymers, as may be required. Table O presents some basic
design criteria regarding sludge thickening and dewatering, however,
because these facilities are highly sensitive to varietions in sludge
characteristics, no detailed or specific design can be presented.
However, this in no way prevents determination of general facilities
sizing and costing since provision will be made to handle the most
difficult sludges.

s

The dewstered sludge will be stored in bins from which it will
be drawn as required by a screw conveyor system, to be placed on & belt
conveyor which will then conduct the sludge to the incinerator facility.
All of the above facilities will be either housed in the sludge dewater-
ing building or enclosed so that odors will be reduced and inclement
weather will not cause any problems.
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D. Sludge Incineration

The multiple hearth furnace has been widely used for incinera-
: 7 tion of sewage sludge for which it is well adapted. It can accept

relatively large lumps of materials, is capable of handling and evapor=- |
ating large amounts of moisture, and is designed to give good agitation ‘
and mixing of the burning mass. The size of the furnace, the spacing 3
of the hearths, and the quantity of combustion air must be carefully
selected for the problem at hand in order to provide efficient incenera-
tion, but in general, the multiple hearth furnace is not an unduly sen-
sitive combustion device because its large hot refractory area can
absorb fairly large fluctuations in feed quantity and quality.
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As an alternate, the fluidized bed incinerator has been used
for the combustion of wastewater sludges since the early 1960's. This
device consists of a vertical refractory lined cylindrical shell which
contains a bed of sand at the tottom into which the waste material is
fed. The sand bed is supported by a perforated grid plate through
wkich heated compressed air passes upward from a bottom plenum chamber.
The air lifts and expands the sand bed causing it to be "fluidized"
during which condition intense agitation and mixing take place. Feed
sludge, introduced into the fluidized bed, is rapidly distributed
throughout the furnace and undergoes rapid drying and combustion. The
hot flue gases leave the combustion zone near the top of the reactor
and pass through cyclonic separators and scrubbers which remove fly ash.
Like the multiple hearth incinerator, the fluidized bed can absorb
fluctuations in feed quantity and volatile content because of its large
heat reservoirs.

In recent years, incineration as a means of sludge disposal
has been questioned on the grounds of environmental impact, namely, its
contribution to air pollution problems and the destruction of a useful,
recyclable resource. Based on studies made of air pollution control
facilities placed at existing incinerator plants, it can be stated with
complete assurance that sludge incinerators can be properly designed to
meet the most vigorous standards for particulates emissions. Thus,
from the standpoint of air pollution, sludge incineration is a practical
and feasible alternative for sludge disposal.

The use of araerobic digestion to recover gas for heat and plant
operation does not offer a suitable economic alternative to the direct
incineration of sewage solids. Capital costs and Operation and Mainte-
nance Costs would each be almost 25 percent greater according to detailed
studies made for the MDC. Anaerobic digestion requires a very large
capital investment and high manpower costs; it has become less popular
to control and it is highly sensitive to upset.

In an incineration flowsheet for sludge disposal, energy re-
covery in the form of digester gas is less efficient than recovery of
hea' ener;y from undigested solids. Incineration allows a portion of
the heat generated in the combustion process to be utilized for bene-
ficial purposes. Some of the heat is recycled to the incineration process
while the excese neal can ve recovered for power generation. The re-
covery of the waste heat a!lows partial recovery of the cost of sludge
processing and disposal, and it reduces the need for fossil fuels.

Studies made for the MDC considered three feasible energy
recovery systems: digester gas, digester gas and waste heat, and
waste heat alone (22)., TFor the same amounts of sludge, waste heat
recovery employed alone was found to Produce 14 percent more energy
than from digester gas recovery alone. When both forms of energy
recovery are employed, the total recoverable energy is greater than
digester gas recovery by about 67 percent and greater than waste heat
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recover;, alone by 47 percent. This comparison indicates the relative
gross energy available from each of the systems but it does not show
which system is more economical. When unit energy costs are compared,
the waste heat recovery system is lower than either the digester gas
system alone or the digester gas plus waste heat recovery system.
However, all three systems can produce power chegper than the current
commercial rate, which was about 1.0¢/kwh in mid-1973.

The sludge disposal building at the Dedham WPCF will include
chemical storage and conditioning equipment, sludge dewatering facilities,
and some incineration equipment. Vacuum filters and incineratros will
be sized so that two filters will serve one incinerator. Sludge cake
movement from the vacuum filters to the incinerators will be by belt
conveyors and/or screw conveyors. Standby vacuum filters and incinera-
tors will be provided to insure continuous operation at the maximum
daily sludge production rate. In general, standby units will be pro-
vided for all mechanical equipment to permit uninterrupted operation
during equipment maintenance periods.

A high degree of automation will be incorporated to reduce
manpower costs and to provide more exacting control of the unit processes.
Centralized control will be provided by means of a detailed graphic
panel which will indicate visually the status of all sludge handling
processes.

|
}
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Because site locations for each regional wastewater pollution
control facility are only approximately known, details of soil condi-
tions for determining foundation requirements for structures are not
available. It is evident that heavy structures such as sludge holding
tanks and the sludge disposal building will require pile foundations.
Shallow tanks, such as gravity and flotation thickeners are not assumed
to require pile foundations for their support. All thickeners and
sludge storage tanks would be covered and provided with facilities for
odor control.

In addition to the sludge which must be disposed of at the
regional waste treatment facility, other debris and solids must be !
liandled and disposed.

{
i
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i E. Disposal of Screenings, Grit and Incinerator Ash
)
S

Large screenings are normally removed by mechanical racks and
stored in a bin or on a drained platform to dewater. These solids are
then removed for burial or taken along with dewatered sludge to the
incinerator to be burned. Smaller screenings will be comminuted and
removed from the flow stream in the sedimentation units.

prior to disposal. Since it has a high inert fraction, it can be
recycled {or reuse as road fill. Excess amounts of grit will be buried
in a sanitary landfill. 4
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j Grit from aerated grit removal facilities will be *mshed
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Incinerator ash will be discharged as a solids slurry to
lagoons where it will settle and compact. Ash will be added to the
lagoon to displace supernatant liquor, which will be recycled to the
raw waste inflow point. After the lagoon has been filled with ash and
allowed to stand and dewater to a low moisture content (20 to 40%),
the lagoon contents will be removed by mechanical loaders and truck
filled to burial sites.
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E | V. COSTS

A. Methodology

4 i : Estimates for capital and operation and maintenance costs pre-
E | | sented below were developec usiing tne mosi recent cost information
b | available from projects of comparable magnitude. IDecause much of the
e 1 basic planning for Concept 5 is dependent upon assumptions regarding
- treatment sites and the plant design of various facilities in the

’ absence of important criteria, particularly criteria related to waste |
f.ow rates, waste characteristics, sludge characteristics, and influ- |
ences of industrial wastes, the costs submitted herein can only be |
described as being probably average costs exclusive of recent infla-

tionary trends.

Actual costs may vary as much as 40% from average costs depending |
upon desirn requirements, construction site conditions, and perhaps
most important of all, the economic ~limate at the time construction
bids are taken. Construction cost estimates do not provide for extra-
ordinary costs related to rock excavation, site dewatering, or piling.
Such costs cannot be reasonablv included in average cost estimates for
reasons previously cited.

st s e i,

Use was made of several guides and references in making cost
estimates. The basic format established a contingency factor of 35
percent to be applied to the construction cost to cover construction
contingencies, and engineering, legal, administrative, and supervisory ]
fees. Construction cost data was sclected from previous experience
on projects of similar nature, Engineering News-Record (ENR?ecost data
and indexes, and several pertinent publications furnished by Federal

agencies (10, 22, 20, 38, 5k4).

Wherever possible cost curve plots were developed or used
directly from reliable sources. All costs were projected to reflect an
ENR index of 2200. In the development of amortization and annual costs
a life expectancy of 25 years for waste treatment plants and 50 years = |
for pumping stations and pipelines and an interest rate of 5 5/8 per=- | 4
cent were used.

L Tk iy

L o oy
et Nt A ol ot i &

B, Capital Costs

3
St

A summary of capital costs for this plan is presented in Table
22. The capital costs are subdivided into four major categories: (1)

Waste Treatment Facilities Costs, (2) FEffluent Conveyance System Costs, 2 s
(3) Other Pumping Station and Piping Costs, and (L) ILand Application g
Facilities Costs. The total cepital costs for Concept 5 are estimated : 5

to be $1,263,106,000. 3
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TABLE 22

SUMMARY OF CAPITAL COSTS FOR CONCEPT 5

Waste Treatment Facilities

1. WPCF's utilizing Land Application of Effluent (Includes Secondary
Treatment with Sludge Thickening)

| Woburn WPCF 31 MGD $20,177,000 L
| Medford q0 19,525,000 1
‘ Watertown 5. ¥ 29,218,000
9 Dedham b1 " 26,809,000 ;
E | Canton 30 19,525,000
Ipswich o0 2,600,000 ,
Hamilton 1) 2,200,000 '“
Middleton gl 2,600,000
Subtotal $122,654,000

2. Sludge Conveyance and Disposal System

3 Transmission Force Mains $ 4,592,400 ]
E | Sludge Pumping Stations 1,844,600 |
E Vacuum Filters, Chem. Conditioning 5,650,000
' Incineration & Heat Recovery System
Ash Lagoon __ 4,734,000 ]

P
k| Subtotal $ 16,821,000
3. WPCF's not Utilizing Land Application (Ref: M&E)
2 Deer Island WPCF 285 MiD $194 ,000,000
: Nut Island 100 " 146,000,000 :
1 Lynn 25 " 33,000,000

Chelmsford % N 3,700,000
£ ¢ Scituate Swp o 5,600,000
% ! Cohasset 20" 4,600,000
3 SESD " 26,100,000

Marshfield G 5,900,000

Billerica 6. " 10,900,000
; ; Swampscott D 1,800,000
% 3 Manchester 16 " 2,100,000
" : S Hudson 8 7,000,000
Milford ¢ o AN 4,500,000
, . Rockland el 3,400,000
i Rockport 1ok 2,800,000
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TABLE 22 (Cont,)
- i
3 ' SUMMARY OF CAPITAL COSTS FOR CONCEPT 5 {
Gloucester 5.8 MGD $ 12,800,000
Essex Ols ™ 1,300,000 |
; j Hull 1.0 2,900,000
| Medfield ) 10,800,000
k| Medway g.0 " 16,100,000 |
2 Concord 8.3 16,500,000
i Sudbury 5.9 " 13,300,000 |
Marlboro (W) g 14,200,000 |
E | Marlboro (E) 8 " 0
Subtotal $539,300,000
TOTAL COST OF WASTE TREATMENT FACILITIES ;
Effluent Conveyance System ‘
l. Mle Tunnel, 10 ft. Dia.,
100,000 ft., with Tunnel
Lining and including 5
Drop Shafts $ 88,898,000 ‘
' 2. Tunnel Lift Station, ‘
250-MGD Capacity 5,070,000 !
;. 3. Transmission Pumping :
F | Station, 350 MGD Capacity, :
| including Equalization Storage 16,000,000 ]
4, Pumping Stations at Ipswich, |
! Hamilton and Middleton 390,000 i
]
y 4, Transmission Force Mains:
| From-To Size  Length, ft.
Canton-Pt. A 90" 116,000 549,220,000
Pt. A-Freetown St. 54" 58,000 15,820,000
Pt. A-Pt. B 90" 85,000 36,070,000
Pt. B-Plymouth St. u8" 16,000 3,880,000
Pto B-I)t' C 90" )42,w0 17,820,0“)
Ptu C-Bourne St. 78“ 37’000 1‘4,0“),“)0
Hamilton-Boxford
(North) 12 35,000 1,124,000
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TABLE 22 (Cont.)

SUMMARY OF CAPITAL COSTS FOR CONCEPT 5

|
i

2.

3

TOTAL COST OF LAND APPLICATION FACILITIES

E:| : From-To Size Length, Ft.
| 1 Ipswich-Ipswich,
L | R.I. 12" 26,000 $ 674,000 ‘
E | : Middleton-Boxford ;
A (South) 2" 12,000 386,000
: Subtotal $138,994,000
: TOTAL COST OF EFFLUENT CONVEYANCE SYSTEM $2L49,352,000
TOTAL COST ALL OTHER PUMPING STATIONS AND PIPING
(Ref: MEE) $224,420,000
Land Application Facilities
1. Land Costs
Freetown: 7,130 Ac @ $1,000/Ac $ 7,130,000
Carver: 8,086 Ac @ $1,000/Ac ,086,
Bourne: 3,475 Ac @ $2,000/Ac 6,950,000
Ipswich: 60 Ac @ $2,000/Ac 120,000
Hamilton: 47 Ac @ $2,000/Ac 9l,000
Middleton: 84 Ac @ $2,000/Ac

168,000
2,558,000

5,637,000
Subtotal $ 28,185,000

Contingencies @ 25%

Spray Irrigation Facilities including Storage Lagoons, Pumping
Station, Piping and Valves, Monitoring Wells, and Sprinkling
Devices

Freetown: 6,920 Ac @ $2,400/Ac $16,650,000
Carver: 8,086 Ac @ $2,400/Ac 19,400,000
Subtotal $ 36,050,000

Rapid Infiltration Facilities including Storage lagoons, Piping
and Valves, anitorlng Wells, and Site Preparation

Freetown: 210 Ac @ 312,200/Ac 4 2,562,000
Bourne: 3,475 Ac A 212 4200/Ac 42,395,000
Ipswich: L Ac @ 312 200/Ac 537,000
Hamilton: 24 Ac @ $12,200/Ac 295,000
Middleton: L4 Ac @ $12,200/Ac 537,000
Subtotal i; 46,324,000

§ 110,559,000
51,85,1%,‘000‘

TOTAL CAPITAL COSTS FOR CONCEPT 5
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1. Waste Treatment Facilities Costs

Waste treatment facilities costs for regional plants utilizing
land application of effluent include costs for pretreatment, primary
and secondary biological treatment, disinfection, sludge thickening
and dewatering, sludge conveyance, sludge incineration with heat re-
covery, and ash disposal.

The vasic construction costs for each WPCF were obtained by
using the cost curve plots shown in Figures 15, 16, and 17. Sludge
production was estimated at 1.0 tons of dry weight solids per million
callons of plant flow. DNo allowance for treatment plant land costs
was included in the cost estimate.

Waste treatment facilities costs for plants not included in
the land application scheme are presented as a separate item in Table
23. See Volume 4 for the development of these costs. The costs
for these facilities is included so that the total capital costs for
Concept 5 can be compared on an equal basis with the other concepts
developed for the BH-EMMA.

As shown in Table 22, capital ~osts for the waste treatment
facilities utilizing land application total 3$122,054,000 whereas costs
for the regional water pollution control facilities not utilizing the
land application scheme are estimated to be $539,300,000.

The cost of sludge conveyance and disposal facilities for the
regional wastewater treatment plants utilizing the land application
scheme total $16,821,000.

The total capital costs of all waste treatment facilities
associated with Concept 5 is estimated to be 678,775,000 and zonstitutes
about 57 percent of the total capital costs for Concept 5.
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PIGURE 16.

VACUUM PILTRATION CONSTRUCTION COSTS®

* After W, L. Patterson and R, F, Banker (38)
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2. Effluent Conveyance System Costs

The effluent conveyance system includes the mole tunnel system,
the tunnel life station, equalizing lagoons, a high pressure transmis-
sion pumping station, and force mains. As shown in Figure 10, the entire
effluent conveyance system extends from the regional wastewater treat-
ment facility in Woburn to the rapid infiltration site located south of
the Cape Cod canal in the town of Bourne. The total length of the con=-
veyance system is about 380,000 feet or 72 miles.

Cost curves associated with the conveyance system are shown in
Figures 18 and 19. Costs for equalizing lagoons were specially devel-
oped. The cost of the mole tunnel conveyance system was developed by
use of the COSTUN Computer Program. This cost includes allowances for
5 shafts, lining for tunnel and shafts, and for earthquake proof con-
struction. The total cost for the mole tunnel is estimated to be

$88,898,000.

Pumping station costs for both the tunnel 1ift station and the
high pressure transmission station were obtaired by u<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>