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FOREWARD

The U.S. Arn~r Corps of Engineers, NED, in cooperation with several
agencies 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 make 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 Matropolitan 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 4 because it provides land applica-
tion treatment for effluents from five of the regional waste treatment
plant locations described in Concept 14.

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 !~tro-
politan District Commission, the US. Arnr~r Corps of Engineers, the U.S.
Environmental Protection Agency , the ~~tropolitan 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.
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I. INTROD1X~TION

A. Genera]. 
-

The nations]. objectives of cleaning up and maintaining our en-vironment have made people realize that municipal and indus trial wastescan no longer be dumped indiscriminately into our lakes , streams andgroundwater aquifers . Dumping raw or inadequately treated wastes toour water resources by individuals or communities results in the taintingand degradation of water supplies available to other individuals . Dis-charging effluents from secondary treatment facilities which have suf-ficient nutrients can lead to rapid and excessive aquatic plant growthwhich in turn degrade the,:uaiity of surface water.
¶I~~

-? soil has long been known as an effective decomposi ng system .Animal 1na~ter , plant material and animal manures , including humanexcrement , have been spread and worked into soils from time immemorial.~~~ plant nutrients have been recycled, essential soil micro_orga~~~~
fed and soil structure maintained or improved . It has always been 

-

essential that these wastes additions were not excessive, in order thatthe renovation capability of the plant-soji system was not exceeded .
Treatment of municipal and industrial wastes in facilitiesconstructed explicitly for thi s Purpose are utilized by some NewEngland Communities. At best , these systein~ are “secondary ” treatmentfacilities, which remove settleable solids and oxidize organic matterand nitrogenous compounds, Removal of nutrients and very stable organic,;,as well as Soluble ions require additional treatment methodologies,i.e., advanced waste treatment systems.

An alternative to constructing advanced waste treatment plantsis that of using the vegetative_50jj ecosystem with crop productionand harvesting, as a means of further treating sewage effluent . Bygrowing crops on the land , wastewater nutrients are immediately recycledinto food production while stable organics and cations contained in thewastewater are removed by the soil exchange complex .
~~ery state allows waste treatment using the land by Pe~~~ttin gthe use of the universal land treatment system: the domestic septictank ~~d leach field, larger land treatment operations for renovatingmunicipal and industrial wastewaters have been practiced for many yearsin California, Texas, Arizona and Pennsylv~~ 5 (149). The large elaboratespray irrigation systems for treatment of substantjai quantities ofmunicipal and industrial wastewaters are best exemplified by systemsat Pennsylvania State University (25), the ~~skegon, Michigan projectarid the Gray Farm Iri Lubbock, Texas (21). In these projects, waste-water renovation is an integral part of an agricultu~~~ operationsupplying the necessary nutrients and water for crop growth . TheSantee project in California (33) and the Rlo-Salata project i~ Phoenix,Arizona (8) typIfy multiple use of rapid infiltration treatment facilitiesand urban use of reclaimed water.
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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 second ary 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 wasteiwater renovation is
achieved arid adverse impacts are minimized .

B. Purpose and Scope

The purpose of thi s 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
determine the best solution for managing wastewater in the Eastern
Massachusetts Metropolitan Area .

The principal features of the alternative presented here in-
c1ud~: (1) functional design of secondary treatment facilIties; (2)
con-v~?yance system to transport secondaryeffluents to Canton; (3)functional design for a tunnel lift pumping station , equalizing storage
lagoons , and high pressure pumping station at Canton; ( 1-i ) a pressure
conduit conveyance system to transport the secondary ~ f1uent 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 uni form
Engineeri ng 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). In 1970 , some
3,129, 200 people resided withi n this area of 1760 square miles. It is
projected that this population will rise to 3,800,000 , 11 ,200,000 and

H 14 ,600,000 by the year s 2000, 2020, and 2050 respectively.

2
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Of the 109 cities and towns in the study area , 95 are members
of the Metropolitan Area Planning Council. One community (Boxford )
lies within the jursidictiori of the Merrimack Valley Planning Commission ,
four are within the jurisdiction of the Northern Middlesex Area Commission

• 
- 

(Chelinsford, Bhllerica, Tewksbury , Westford), and three are within the
• Central Massachusetts ~egiona1 Planning Commission jurisdiction (Berli n ,

Northboro igh , and Westborough ) .

• 
~orty-three communities are members of the I’~~ropolitan Sewerage

District ( MSD) for purposes of commonly coilceting and treating their
wastewater. Each municipalit y within the MSD is responsible for main-
tenance and operation of’ its own sewerage system prior to dischargTh~
in to the MSD truni’ sewers. Each community is also subject to the rules
and regulations set forth by the Metropolitan District Commission. The
~.ISD system consists of more than 200 miles of trunk sewers , covering
an area of approximately 1400 square miles and servi ng approximately 2
million people. Except for wastevater discharged through combined

• sewer overflows and/or discharged to surface waters, wastewater in the
?~LSD system receives primary treatment and chlorination at either Deer

• Island or Nut Island treatment plant s before it is discharged into
Boston Harbor. The entire MSD system is operating at full capacity,
approximately 141-tO mgd .

Surface waters in the Eastern Massachusetts Metropolitan Area
(Figure 1) consist of Boston Harbor , a large (147 square miles) relativeiy
shallow complex of ba~j s and tidal estuaries , with 180 miles of tidal
shoreline; plus three rivers of substantial length : Charles River
(length 80 miles , drai nage area 308 square mi les), r~epon~et- River
(length 30 miles, drainage area 120 square miles),  and Mystic River
(length 17 miles , including its major tributary , the Aher~~na River ,

• drai nage area 69 square miles). Regions along the coast include :
river and tidal estuarine systems of the Ipswich , Pi nes and Saugus
Rivers; Gloucester , Beverly and Salem Harbors on the North Shore; and
the Jone s , North and South Rivers and Gulf , Cohasset and Scituate
Harbors on the South Shore . The northwestern sector of the study
are a is drained by the Sudbury , Assabet and Concord Rivers (siJAsc o )
with a combined drainage area of 1407 square miles.

As the population of the Boston Harbor-Eastern Massachusetts
Metropolitan Study Area has continuously grown , the region has been

~ subjec ted to ever increasing amount s of municipal wastes and other
- 

• abuses. The Charles and ~-t,-st ic Rivers have been impounded over con-
~ siderable portions of their length and now consti tute a series of fresh-

water and brackish water lakes. This alteration of a river system
£ which in some cases ostensibly improve s water quality by re strictiL1~
~ salt water incursion , has not b een wi t hout i t s  detrimental consequences.

Ups tream pollutants are not effectively carried be~, ond dwi~s. In the
Lower ?v~rst1c Lake and the Lower Charles River Basin , especiall:: , to:ic

14 
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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
Harbor have transplanted much of the pollution load from these river
systems to marine waters, thereby alleviating some pressures. However,

• overflow of se-wage into the stormwater system (especially via combined
sewer systems ) and scores of unidentified illicit discharges continue
to degrade freshwater quality within the study area.

The Boston Harbor-Eastern Massachusetts Metropolitan Area
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
• origin. The topography is controlled by structural features which are

masked and modified by the mantle of glacial drift.

The entire area 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 overlai n 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 11400 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 6140 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 charactcrized in many places by relatively
sttep ridges meeting flat or gently sloping areas. The maximum relief
on the outer Cape is 150 feet whi le 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

H “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 .

The bedrock of the study area consists of igneous , sedimentary
and metasedimentary , and metamorphi c rocks mantled discontinously by
unconsolidated deposits. The ages of the bedrock range from Precambrian
to late Paleozoic with some mi nor 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 con!tined to the eastern and southeastern parts of the study
area in the Boston and Narragansett basins . Slates , argi llites , and
conglomerates as well as some sandstones are mapped . Mete’~orphic 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.
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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 conmton 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 make up the most productive aquifers
In the region.

Drai nage 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 drai nage pattern of many of the streams
testier 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 143 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 ~~.rch and early
April although intermittent warming periods between anowfalls will
often cause much snow to melt or be removed by sublimation.

The mean annual temperature in the area varies from slightly
above 50° Fahrenheit (F) along the coast to just below 50

0F 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 watersheds containing numerous man—made storage facilities.

• These conditions are inclined to attentuate and dela~’ the hydrologic
response to intense rainfall . Conversely , these retention characteristics

• of the watersheds serve to au~ nent 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

- area. 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 143 inches, with
recorded annual maximum and minimum values of 67.7 and 23.7 inches ,

6
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respectively. At Framinghazn, the average annual precipitation is 143.8
• inches, with extremes of 60 and 29 inches, respectively. At New

• Bedford , the average annual precipitation is 143.6 Inches, with extremes
of 614 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 fr om 143 Inches at Boston to over 51
inches at Framinghaxn to 35 inches at New Bedford.

The U. S. Geological Survey maintains flow records of several
stream gaging stations in the study area. A summary 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, Charle s , Neponset, Parker, and Aberjons Rivers are
extensive and complete, thus allowing analyses by the Log Pearson Type
III distribution method . Annual peak discharges were analyzed for
each water year of record throughSeptember 1969. In the case of the
Sudbu ry 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 hydrologi cally 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 part ial 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. Low flow frequencies were determined for durations of

• 1, 3, 7, 114, 30 and 60 days using a Pearson Type III statistical dis-
tribution. Results of the study are illustrated graphically in Figures
3 and 14. 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.
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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 Me.nae~ement Study, two additional co~~re-
hensive wastewater management studies were taking place in areas
contiguous to the Eastern Massachusetts Metropolitan Ares.

The Merrimack Wastewater Management Study , conducted by the
New England Division, U.S. Arn~y Corps of Engineers in cooperation
with the ~~~monwealth of Massachusetts , focused on the 21i cc~~unities
along the mai.nstem of the Merrimack River in Massachusetts. This
study area bordered the Eastern Massachusetts Metropolitan Ares, to the
north. The objective of this study was to design regional was te-water
management systems that address the long-range goal of Public law
92-500, as well as the broad planning objective s 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.

I ,
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II • IDENTIFICATION OF KY~ENT IAL LAND APPLICATION AREAS MU) DP~ ER-
- 

MINATION OF ACREAGES NE~ )~~

A. General

Developing a land-oriented treatment alternative for renova-
tion of municipal, ari d industrial wastewater using the soil-vegetative
complex requires consi:ieration 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 treatmer.t
plants included :

1. Iden tification 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 treata2er.t of projected
year 2000 flows using either spray irrigation or rapid infiltration.

-~~. Comparison of lands potentially available with acreage
needed .

B .  Land Use

Inforrlation describing existing land use in the Boston Harbor-
Eastern Massachusetts Metropolitan Area was obtained by interpretating
1:20,000 aeri9.l ~anchromatic photographs taken during the summers of

* 1970 and l97l~3~). Coranunity land use wa~ categorized into one of six
major cateCories : agricultural and open lands, forested lands, wet-
lands, urban lands, mining or waste disposal lands, and outdoor recre-
ational. lands for Essex, Middlesex, Norfolk, Plymouth, Suffolk , and

* Worcester Counties (Table ~4) .

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

Forested lands were delineated by the height and density of
the softwood and hardwood tree species found in the study area. These
lands include state and town forests and wooded swamplands.

18 



________ __________ - -  T~T~ ~~ : ~~~ T~ T~~ T ~~~~~~~~~ 
‘.~~~~

~~ 
‘0 

~~o ~ e — 0 N N 10 10 ~~ 10 ~~l N N N 10 iO N ~~ ?4 N
o N a
•0 0•0
o 01 .0 0’ 0 — ‘0 N 0

k ~~~~~~~~~~~~~~~~~~~~~~~~~~~ =
I. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

U
- - u 01 1 0 ’ 0 N

H

~~~~~~ 0* N 0’ I0 ~
. 

~~ If. ? 4 0 0 1 0
# 

~~~~~âd Oó c I -’ O ’ ’ N-’e .o ., O
a 

- - a.
~ . a —~~0~~~~~N . 0 r — — . 0  N

* ~ C ... I. 0’ ~~ .0 — -0 10 0 IA *
— Al I’- ~~ V — Al 01 0 ~~ e N 0 1’ 0 r— ~ N — 0 l.a 01 — — — — ,U~ 5 N O I N — a I O IN  — 0* ‘ 0 * 0 a 0 -~~~~a 

-

‘0If. 1 0 V N 0 0 * 0 1 0 N N N* 0 * 0 0* 0 * N 0~~~0. ~~~~0I~~~~ 10~~~~~~~~ -- —oI.
a

•0 0’ V N .0 01 01 0* V Ve N 0* 0* 0* V .0  N N N 0 N 0’ 0’ 0 01 If. 0* ‘0 N V.0  ~~ 01 —

.. N N I A’ 0 V~~~~IA ’0’0 N O~~~~ 10 V I 0 V
U ‘0 N 0’ — 10 .0 0.0 .0 — .0 -.0 01 — V V

1 0 0 1  N — —

“I
• V N 0’ ~~ 0’ 0 0’ U’. ~~‘I N — 10 .0 10 IA N —

~~)• cI~ 0 — I A~~~ V 0 ’ N V . t s o J . 0 — . 0 r - e o V 0’ o ’c i-. ‘I V V• I.~ ..1I U
‘S —1

0 0U ~. L 0 * 1 0 0 0* I A V~~~~~~~~ V N N ’ 0~~~~~~~~~~~~ 1 N U ’ *t, V 1.0 ‘ 0 N~~~~~N N I A O~~~~ ’ 0 - 0 V
I. N 10 01 *0 N 0 0’ 0 Ifs 0 N ~~ V ~~ IfS N 03 *15 N — I~I I. 0 ~~ V 10 0 0 .0 — -.0 0* N
1. 0’ N 0’ N 0 ~~ .0 0 .0 .0 0 — V 0’ 03 V 03 0 U’. 0 ,~~ ii N — 10 N IA V 05 *1I.~~~~W ‘~ ~~~~~~~~~~ V N V 0 1 0-. ’ V N 0 3

1. U~ 
0

o Wx

N *15 *15 V N 05 IfS N *15c ‘ 05 V N 0’ N 0’ 0 — IfS 0’ N .0 05 *0 N N 0 N V N U’- *0 V IA 1” 10 N V
V N N V *1’ 6’ V OS V *15 — .0 — *0 *15 ~*J V 1*1 *15 *15

a
* 0 S ‘
• •V N’0*0~~~~ V 0 * 0 * O N N 0’ 0 5 * 0 0 * * 0 V 0 *  1.

1. 6’ 0 .0 .0 N ~~ — — .0 0 05 0’ .0 *0 05 10 *15 *15 1’- *15 *0 V 5%. I’— .r
V N * 0 0 5 l f s* 0 * 0 N O 5 0 0* I a ’ .— 6 ’ * 0 O S 0* . f * V 0  -C

V N V 0* 6’. 0* 04 10 01 *0 *0 03 — 0* V OS

e

~~ 

~~~~O~~fS 0 * N N N N O U ’ . O S * 0 V V 0 5

LL 
C 0 ’  0 * * 0 0 0 3 6’~~~~ O S N . 0 0 N N~~~~~N 0 3 - 0 0J .? V .0 0S OS g5 0~~~~~~~~~~N .’ s-  

-
1 ‘ ~ * 0 * 0 6’N 0 .0~~~~~~~ V N 0* 0 * V * a , N~~~~ *fS - O I ~~ N I A N N V NN~~~~~~~~~~ ’I. N *15 0’. ~~ V 03 10 V 0 0 N N V 

~ 13 V It, 0. — *1’. 0 V —
— —  — —  —

— • ‘0 0 ~~ —0 •~•5 V V V -.0 V 1*’. 03 r- ~~ -0 -0 0 -.0 ~~ — — V N N 0 os 0 ~~ *0 - 3‘ 0 SI ~3 .~~ 05 01 N N C ~~ N ~~ 0 05 *0 .0 *0 — N *1’ ~~ N 1 V 04 .15 II’. N 0’ —~ .,
~ 0 * N N O S 0* 4 ’ .0 3 0 5 N 0* 0 * 1 0 N N* 0 0 O S 0’0. 

~ ~~~* 0 ’ N 0 * * 0 Q * f 5’0~~~~~r- -0 . 0 * I A~~~~~0* ’0 0 * 1 0 t —’ 0 V N 0*  0 * 0 N~~~~~~~~.0 ~‘— — N 1 U  — — —

-C -C
L _.

.0
1. ~~~ C 0

~~~~~ 
a~~~~ ;~~~~2 _ ”~ ~~~ c ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C ~~ 0 o x ~~~~~~~~ .~~ ,0_ .!c ’
~~~o . c~~~~ 0* . a E C C 0 O C ” ° . .*0 _

~~~ -a .  4I~~~ C C  ~~~~~~~~~ ~~~~~~~~~ .m~ • ‘~~ E 0 - ~~~~ ~~~~~~~~~~~~~ E
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

~
U ~~~~~~~~~~~~~~~~~ ~~~

- .

~~~~~~~~~~~~~
rn

~
- - - - - - -.-—

~~~
-±

~~
- . 



-, —-  -‘ ‘-‘-

— N
.A~~~~ ’0 l~’ . V

0 4 N 0 3 0 0 0 N 0 00 1 0 1 0 1 V 6’ N 0 . O S * 0

0
0

V 
It, q*’. 05 154 V ~~

. 0 04 0 .  0’ . 0 0 3*0 *1’. *15 *0 ~~~~~~~~ , 0 0 0 0 0 f’ J 0 0 1 0 N

0 
d d d N d e 0 0 1 0 40 0 0’ O

h :~

0’
0~ 0 6 ’ N N NN 6 ’ 6 ’ 6 ’ O * 0 . 0 6’ 0 J 6’ 0 5 6’ N  * 1 5 1 0 0’ . 0 0 ’ I A 0 0 0 5 * I S N V V I f S’0

a
‘V
Ca.. .1 0 - .. O N V O S O S O O S 6’ 0 0 3 0 0 6’ 0 5 V * 0  6 ’ 6 ’ 6 ’ 0 ’ 0 ’ 6 ’ - . 0 0* 0 ’ N N 0’ 6 ’O — 0’ N V 04 0’ .0 0 V 10 .0 0 *0 6’ ‘0 *15 6’ *15 — .0 *15 0’ *0 6’ — N N -.0 V 6’ 6’ — N

U 0 ’ I f 0 - J V 6’ N 6 ’  6 ’ O J V N 5”S ’b ’ I~ V . 0* 0 - 0*35 6’ V I ’ V V OJ V

<
0

•
0-3 6’ V — — 0-1 U’. 03 — 0. 03 *0 .0 -.0 V N 03 — 0’ V — 03 05 *15 Sf5 6’ 0.1 S’S OS *15 *35

zo -~U C
— a

N 0 3 0 0 5 0 NV 6 ’ N 0 3* 0 0~~ J 0 ’ V N ’ 0 N  6 ’ * 0 S ’ l 0 ’ C 0 3 6’ ’ 0 V 0 0 3 0* 0 6 ’0V I. 16’ 0’ 0’ *1 S *0 0’ 6’ 6’ N 6’ 04 —‘ 6’ 6’ — V V ~~‘ .0 *35 6’ *15 .0 04 04 *35 10 .0 .0 -.0
‘05 0 V 0 0 0 *15 05 N *35 *15 — V 0’ 6’ V 0 6’ 0’ V 6’ *0 N 6’ 6’ *0 -.0 ‘.0 .0 — OS 03

0 5 0 3  N 0 4 0 4 03 *15 N 0 4 1 0  OS ~~‘ 1 0  6’ 01 — OS V 04 V 0 3 0 3 0 405 V 03 V

05
5*5 -

6’ 0 6’  V 04 0’ 6’ I’ - *0 03 *35 0 . 1 0 .0 0’
‘0 0 S0 0 0 0 5 0’ 0 . 3 0 4V S S J 0’ ’ 0 . O O* 0 V NO 1 0 . 0* 3 5 0 5 0 3 0 - 3  V ’ 0 U ’ . V 1 0 0 3

V *0 V N U’. 0 3 6’  *15 V 0 4 0 4  V — *15 V

— S S
V 6’ 0 V 0 — N V 0’ 0 — *35 *15 0’ 0 — 0’ “S N N V *0 0 *0 — 0.4 0-3 *15 0 6’ *0 -.0

0 1. 6’ 0 V 5*5 SI’ ‘0 V *15 05 6’ 6’ 6’ -.0 *15 ~0- ‘0 ‘0 6’ *0 -0 V — 0’ *15 V N 0 05 6’
- . 1 -.0 0’ V 00’ 6’ V .1* 0.0 V N N V 00  *15 0 04 — V V 0’ *ts 03 *0

0’ *35 6’ 04 *0 5*5 V SI’. N — — 05 *~~ ~~ .0 ‘ N V  U’ — 04 V 03 *35 04

‘0 *0 6’

S S I ’ V~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~—

S C
‘ V
14 S

-— 4* .0 0~ 0*3 ‘0 — 5*5 0’ 0-3 6’ 0*4 — 04 6’ *1’ 6’ -.0 N 0 *g’. 0 — 6’ V 0 .0 — S’S 0’ V 5*5 0 *1’. N
I. *15 0’ V -0 V U’. V N *35 6’ 0’ 6’ — N *15 0’ 0- 03 0’ — -.0 N .0 0 *15 .0 053 -.0 N 0 ‘0V ~ 0’ 053 0’ 05 N N 05 05 *1’. 04 6 ’ V ’0~~~~~~~~N V V  *15 03 V ‘.0 .0 — 6’

-~~~ -C < — — ‘ N  — —

H 4*-
‘ — V

0 N V — N 0’ -.0 V — 01 U’S 05 *15 V *0 03 U” 6’ 6’ 0 *0 05 — 0’ N — — 0 N N U’S MS .0 0’ . — -
0’ 05 V — 6’ V U’. 01 *3’. N V 5*5 -.0 0 U’. 04 -0 05 N -.0 10 *0 U’. .0 — 6’ N N 0’ N 0’ 0 04

~ 6’ ’ 0 N 0 0’ 0 1 0 0 5 O S 6’ 0 1 0 ’6 ’ * 0 0 * N V 6 ’ * 0 6 ’ 6 ’ N 0 ’~~~~ 9 9 V 6 ’  - 4 ’

H 

—

V
.0 .E -

~~~~~

~
.0

C O  g ‘0
0 1 

-— - ..~~~~~~~ - -—~~~~~~~- ~~~~~~— - —- ~-—~~~~~



— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —-1*——----—. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~“ rria” ~~~~~~~~~~~~~~ 0 ~~~~~ - -
_ _  _ _  -

‘E 4*t 0’ 1’ .0 .0 -0 51*5 N 0 4  V ‘
~~I5 ~

1...~ 0 * 0 0 ’ * 1 5 N N~~~ 0 0 0 0 3 0 5 0 3 0* 0 0 3 0 0 V 0 3 0 II I O O N O N V P 4O

8
‘0

a0~~~~o ‘ 0 * f S 6 ’ 0 3 0 0 0 . 6’  C 03 0 6 ’ V V 0 ’ 6 ’ U ’ 0 ’ * 1 5 0 U’ . O O JV  0 ,~~ 
N O 0’ V 0 5 l -V~~~~N1* I. O’l .0 N C 6’ 0* 05 05 — *0 *15 V .0 *5 03 05 N V V 0’ — *15 *15 *15 .0 *15 I, *15 V *15 — 0’ 01 03 0.0 3 54 — N V IA — — — 0 — 53 V 0* — V N —

l
~~ *c 4 * - C

01*

9 *15 V 1* N V . P  *1’. ‘.~~~6’ *0
•~~ C * 0 0 0 3 0 0 0  SO 0 0 3 N 0 0 0 0 4 0 0 0 1* 0 0 0 03 ‘U~~~ 0 0 3 0 4 0 0 0
SI

a 
~~~~ ~.i 

0

V s
U ’ 6 ’6 ’ 0 - C 0* N * 0  5*4 * 0 0 4 V * 0 * 0 .0 N N V 0 ’ C N ’ 0  c .:  6 ’ * f l 0 V 5~5 S ’ 5 0 0 4 ’

15 5. — ~ ‘ 6’ — Sf5 04 *0 5*4 0 04 ~~ 5*’. 51*5 0* *5 U’ V 04 0’ If *1*5 -0 51*5 ‘~~ 0 1. 0’ 0’ 6’ V ~~ — 6’ 0. —
• 14 V 04 5*1 — N “S — -— u

~~ 
.0 0 N 6’ *15 0 1 5  V 0* 6’ 04 6’ V 6’ U’ 515 6’ N *0 5*5 V . 0 0 40  U’— V V 0* ’0 N* 0 N 6’ 6 ’

a a
‘V

*4
— S 0’ — N 6’ *0 6’ .0 0’ oj ‘0 — 4’ SS* 04 .0 6’ 0 01 *0 0’ 0* 04 0’ 6’ U’4* 4* 0’ .0 5*5 U’ 5*5 V 0’ 0’ 5*5 ‘~ -0 — 5*’ .0 10 5*5 5*4 C I” OS 0’ — .0 *15 V 6’ *15 *3’. 0’ V 6’ — 0’ *15 031. — .0 .0 0 *0 .0 01 .0 — N — .0 05 sO *15 S’S 6’ 1. N 05* *15 51*5 — N *0 0 .0 *1*5 — 03 0’ 03 6’14 —-C ,~ 01 05 — —

— *‘ I f 0N V . 0 6’ .. O O N  0’ 0 ’ 0 * 1 0 5 4 ’ *0 0 ’ 6 ’ V V . 0* 0 6 ’ 0.0 -
~ 

b 
~~ — If 0- 5*5* 0* V N 01 -4’ u, — 515 5*5 If — *0 5*53 .0 0*  V — Z 4*4 — 6’ — 0’ 0’ — *0 C N

7 ‘~~ 04 03 0-1 — — *0 *0 *0 ‘0
0

C .
~ 0 -~

C54~~~~ 0 ’ 6 ’ 6 ’ *0 6 ’ 0 *- ’ 6’  .5* 6 ’ ’ O * 0 0 4 V’ O ’ O ’ ,C 5 f 5 I f V N N0 *  I,.
- 35 *0 1 *4 0 ’  5*5 0’ .0 N —  .0 -0 6’ 0 5*— 6’ N 0* 6’ 0 0’ .0 If US 0 6’ o .0 N — 6’ 0 .0 — 0’ 0’‘P — 5. 0 (‘4 o* N 0.3 0.’ — 0 0’ 10 N 10 0 15 — C) U’ V 0-4 N U’. — 05 *15 U’ U’ “ 0’ 0* N 0.’ V N 6’ 0’ *15

- 0 -‘ — “4 ‘1’ ~‘S 5*5 ‘5 ’ — *0 (15 5*5 0-4 50 5*5 If 5%J U’ — 0 — r’~ 0. • 6’ 0’ ‘0 5*5 —
1*. ‘C 0 5 0 4 * 0 0 4 0 40 5 V
0

5*~ 
0 -~14, 7

V . 0 0 5* 0  0 ’ 0  ‘ P 1* 4  0 C * 0 . P S 5’ .  3*5 0’ 1 * 4 0 * 0 5 0 ’  ‘ ON  *0 5 * 4 0 ’ ’ ?
6 ’ U ’ S ’ S I f .0 I f 0 .0  .0 . 0 * 0 U ’ V * 0 . Q* 0 0 * 5 0. 0 U’ U ’ 0 4 6’ *0 . 0

-4 • C
S -~

~ * t N r— .0 .0 — .0 “-5 6’ If N — U’ V .1) — — ‘P 05 ‘5* .0 05 *0 5 U’ 0’ 05 — ‘5’ *15 — C

0 0*3 0 S 0 U S I f* 0 N 1 0 * 1 505 .00-* 0 5 0 4 0 .

~
‘

0 3 5

‘C ‘C — — —
.4

5 ‘ ‘t O f * 0 . I S N i  0 N N * 0 ’~~~~~ *0~~~~~~ r 0 m C ” * 0 0 5 0 4 I f  4 4• 

I 

— 5*- ‘ C 0 C 0 —a 6’ 0 N- 0’ 0 5*55 6’ s15 ‘5* 0’ C 54 15 04 N 0 0 05 6’ 5— — V _. — — 6’
C C — — ‘P ‘5* 0’ 0’ 1*4 0’ If *5 10 V — — 0 N -r V ‘5* 5*5 *1’ — 515 If *5 N -0 — N V N *15 5-, * ‘ 0 ’ O N 0 . 0 0 r -  If 0 ’ N - 0- 6’~~~~~~0 0 0 , 1 5C * 0 0 N ’ V  ~_ ‘ *0~~~~~0 5 0 * U ’ V 0

‘C

• - - >‘ 0
~ 

-
~~~~H~ ‘ E ~~ E~~~

-
~ 

-
~~ o L~~~~~o

E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 ~~~SI 0 * 5 0~~~~-~~~C

~ * 1 0 U0~~~~~~~~~~~~~~~~~~~~~~ Z Z Z ~~~~~~~~~~~~~~~~~~~~~ u ~~X~~~Z a ~~~ t , X~~



5*545’ ~~~~~~ 5 1550C*0~~~~~~~~~

‘H 
1 0’ 5

0 0 3  0 5 0 - 40
I.

.~~~~8 
.~~J

154 0 0 ’ U’.
0 • 0 0 . 0 3 0.  0 v ~~ ~~~ 0*1* 6’

I. O O I O V  ~~~V

- - 4* 6’ 0. 0’ • V 6’ 6’

o * o

O a s.J — 5*— ~ ‘. *53 — 6’ .0 .0
-: ~ 4) -0 — *50 0*4 15 N *1’ 0’ 0
- ** 0-1 •— ‘- — —

4*4* * 0 * 0 5 ’0 4*! ‘ P 0 4  ‘5* 03 0’

‘V

U’. 01 V V 
~ 5 0*3 — 5*3 6’ 6’Pa 03 0 *t5 N - 4* 05 6’ V ‘P 0

~ 
0 ’ N 6’  5, 0 * 0 4  ‘ P 0 0

>*

4 * - , p ’~ ~0 N  X N C

.3

— — — 0’ 0’. ‘5* 0’ **~ 5’ 5’ 6’ — 5~ N--

-
~ — 14 L~ - 0, ~

— 
“4 0

- 0 ~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~-- -  ~~•~~~~~~~~~~ 0 -‘- —~~~ - —--‘- -~~~~~~~~~ ---&~~~~~_-—- _ —



*5~~~~~~~N*5’ 50’P’~~~~~~~~~~~~~ *0~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I

44

ahant

* 

MASS ACHUSI

- - 

. F F O q L K  BAY

/
S - 

1*_~~~-~~~~~~~

’ I ut~

- ~~~~~~~~‘- ‘ *-, 4’ -

If

p.~~~~~ou4 , 
‘ - 

-

, 1* 
•.1* - - ‘ I I

— . - - - Ipol
lii’ * * .

- 

~‘ ~ • 
T

‘~~

R. I. • a

. 5

* 0 4 *

I .

) ~~~ -

— — — 

LEG(NO 
___

STMNOIJ G(OLOG.C ‘*541 ’ CMAAA CT CA ’ S ’~ CS Of MA CAIAL . • ‘ jJ 4

T :SAP.0~~ 3R SAI*OS ANO G**VCLS I _ ‘

~~~~~ 

‘

~~~osrs (M IN OR S?r.ATIFIEC AND SORTCO ‘
-

<y e I D~, ou,~ 5*1N 3* rI.( 1*0 MCO$UM SANDS ‘ 
-

0 Qoc~~ AND MAR*5.( *CI.*. SORt (O OIYC~ St Rati riCo -
~“ DEPOSITS AND CR:SS-S(00CO I

ALLUV IUM AN D SANO,SILO 5* 5 5 4  I.i~~.,4 AMoU Nt S or p -
• 3p~ RIvER TESRA C E GRAVCL . CLAT ~ .0.3R ORGAPMCS-POORI.4* 5”

DEPOSITS ro *5’ ’.DC RA ’( LY WO OED AND srOaTW c 
* - BUZZARD S

3 S~~~~~ S*~ N -34 C LAYC ’ S 54N3 A P Q  ORAYCI.

O’c GLAC IAL TI LL * 1 5 4  COBSL(S AND S0~~~OCRS OENSC - 
- BAY- I 540*4 STOAj IFIC O UNSORTED MIOTUOC

GL AC IA4, LA IS E IILTS ,Ct.A Y ( Y  SILO S . S I l T Y  SAI~~S
QII SOTTOM 0CP~~ 1 V (RV (O SILl S AND

CLAY S
SILt ~ CLAYS , SIL lS ANO ClAYS 4*

OrnI MARINC OCDOSI T~ SILT S SI L OY FINE
SANDS

FP( So- *A7 CA PEAlS , SAsOv CArS , SILTY P(A13

~ Os’ OR *,-SPs *C ORGANIC SANDS AND SILTS
C(POSITS MuCs

I I ORGANIC SIL T , C LAYCY 0*GAMC
~
‘I ~3sss’ OPT ‘C SILTS . ORGANIC SAs)5 MARSH MAT S ,

J,_ J 
0tD~SIrS OOZ C

_ _  _ _  _ _ _ _  _ _ _ _  ~~~~~~~~~_.. - —



~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~ TT~~~~ ”~~~ ~~~ i~~~~~~
- -’--”±j ‘ S ’

“ I a aI
p4(01*

ahars t

I 

- MASS A CHUSET TS

F F O ~ L K  BAY

1 *4 ul l

4’ • Hin

If

~~~i 2 3 4 5

I
- 

I_i
*4 IINUI~~ ’5 

-

-5 4*’ P • 
—

p I ,
‘ ‘ P .  & ,, *~ U -

Es 
* 

L-!~~ •
‘‘

;~~~~~~~ 
~~~~~~~~~ 

0

14* ,  
• 

—5’ -‘
1w

• 
U T ~~~~~~H~~~~~~

- 
W •* pm.a*P* 

—

I t  4 .
P5 15’O.I11* 4*

CAPE COD BAY 
- 

._ 

*

- - * )t4~~~~~,

p 
~~
. * 

N~ 

— 

r*•’•’~
/

- A 
- 

R I L d IalS.
*4 - 1/~*~ SI,fl S~~MS ~••5•*.II*

1* ~~ /N.,S ... ~ 
,
~~~~ ~~

-- 

- BUZZARDS -

- . BAY

4* 

FIGURE 1
SOIL CHAR ACT ERISTICS 0

OF LAND APPLICATION SITES
FOR BH’E MMA WAST E MANAGEMENT PLAN 

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

- -•- .
~~

--



~~~ -‘-~~~• •  

~~~~~ ~~~~~~

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 swamp s were delineated as forested areas
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, ci-iurches , 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, soli d waste disposal , auto-
mobile dumps, arid wastewater treatment facilities which use sand filter
beds as a part of the sewage treatment process.

Outdoor 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, driv ing ranges, skeet
shooting ranges, playgrounds, ski areas ,, and spectator recreation such
as race tracks, athletic fields and stad iums, amusement parks , f air-
grounds , drive-ins and zoos.

The acreages of agricultural and open land as well as forested 
0

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 thad 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 ati,i~~rizea the type and distribution of the surficia].
geology of the Boston Harbor-Eastern Massachusetts Metropolitan Ares.
The unconsolidated sediments were subdivided into different units based
on particle size snd genetic classification . Area s underlain by peat ,
muck and silty clays were imeediatel3r removed from considera tion as la nd
treat ment sites . Conversely, areas of stratified sand and gravels such
as outwash deposits and ice contac t deposit . were easily recognized and

2~
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flagged for further investigation as highly probable sit es 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. TtII 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 aligned with soil properties of the application
sites and crops to be grown. The extent of each soil series in the
study area was obtained where possible from the U.S. Department of
Agriculture Soil Conservation Service.

E8ch soil s-cries was evaluated according to its suii;ability
for land treatment us .~ng 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 sui. table 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,
~iith 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 0

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

25
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movement of applied water should not be restricted by an impermeable
• layer nor should application result in the water table rising to the

treatment bed surface. -

1i~. 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 houi-) 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).

• 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 horizons through
the underlying 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’ effl uent 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

• arid 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

~-1oderately well to well drained soils with groundwatertacles which can be maintained below the three-foot depth were acceptable
for spray Irrigat ion sites . Rapid infiltration sites should not have
P-roundwater 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

0 they may require special management considerations. For example, Ber-
• nardston, Essex , and Paxton soils have pan layers at depths of 10-30

a inches , which may affect periodicity of the effluent applications.
Soils with surface stones would require groomi ng 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 arid gronndwater
information were used in conjunct ion 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 arid 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 development.

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 arid
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 ~atisfied. 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

4 27
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TABLE 5

SOILS SUITABLE FOR WASTEWAT~R MANAGE}€NT

Spray Irrigation ~~~~~ Infi ltration

Highly Suitable

* Brookfield Enfield
* 

- Canton Hlnckley
• Carver Merrimack

Charlton
Enfield
Hartland
Meirose

• - 

0 Newport
- 

- 
Suffield

~.bderate1y Suitable

Agawam (w) quonset
Bernardston (p) (w) Windsor
Broadbrook (w)
Buxton (D)
Colona
Essex (p) (s)
Gloucester
Hartland
I4Illis
Paxton (P) (s)
Poquonock (w)
Plymouth

;
,

W - Manageable seasonal high water table
P - Pan usually 18” — 30” deep
D - Drainage slowly permeable subsoi l
S - Stones

Soil series moderately suited for spray irrigation
by adjusting the application

- 1

r
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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 us ually 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

- represent the ratio of the area receiving the applied flow to the gross
area available for land application. In the case of spray irrigation,

- 
‘ 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 dur ing land
• application, a certain amount of site preparation is usually required to

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 squar e inch. Because of such high pres-

0 sures, it may be necessary to set up small booster pumps within the dis-
tribution network.

- A system of electrically controlled valves having auto-
inatic timers would allow applications to be made to different sections of

r i 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 aroun d a given sprinkler would have a diameter of
2~0 feet . In order to cover evenly as much of the site as possible some

- overlapping of the spray pattern~ would take place. The area covered
by one spray nozzle is about one acre.

The use of a flexible , eas il~; dismantled piping system
- 

- will enable harvesting of grass or alfalfa crops should such vegetation
be grown to increase nutrient uptake and removal.

- 
Spray irrir ’ation -co’dd be employed during the summer months

to the maximum extent that spray irrigation land is available. During
- !  the winter months, these facilities would not be used ; only rapid infil-
- tration would be employed. This method of operation would eliminate the
• 

• 
need for large areas of land for storage facilities.

30
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A typical rapid infil~-ration system consists of a pumping
station and shallow basins into which flow is pumped at intervals. The
basins are charged with flow to the des ired depth , then allowed to stand
until the next application. The applied liquid percolates through the
highly drainable soil. Following l1~ days of applicat ion, 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.

— Because of their ability to accept daily applications
-:ithout appreciable effect on their performance even during cold weather,
the rapid infiltration basins would be used during the winter months when

~pray irrigation would not be used.

D. Application Areas Required

Acreages required for implementation of a land treatment
alternative was calculated for each regional was tewater treatment unit
or community based on projected wastewater flows for the year 2000.

0 (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 locations
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 detailed discussion of the facilities may be found in Volume 1i~
Water-Oriented Wastewater Utilization Concepts.

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
1)4 days inundation - 7 days recovery with rapid infiltration areas
operated continuously. Emergency surface storage lagoons with 1)4 days
capacity would be provided.

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 suit&ble lands (agri-
cultural, open and forested lands) were available to treat the projected
2000 wastewater flows, a comparison of data in Tables L~ and 6 was made.
!.bst communities within the study area , particularly those less urban-
ized communities outside of Route 128, had substantial. acreages of
agricultural, open , or forested lands. Total. agricultural, and open
lands reported were found in small units, usually less than 50 acres
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 available was insufficient for projected flows for many of the
regional wastewater treatment units. In those instances where projected
2000 f lows were less than 3.0 million gallons per day (nigd), land treat-
ment within the region was possible.

Of the 109 coxnmun.ities, only seven communities belongi ng to three
regional wastewater treatment systems have the opportuni ty to implement
land application within their region; 1) Hamilton, Boxford , Tospfield ,
Wenham; 2) Ipswich , 3) MLddleton , North Reading. The Hamilton 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 rem ain ing 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 ~~tropolitan Study Area
were evaluated as to their plausible use for either the spray irriga-
tion or rapid infi ltration-land treatment method.

Land areas west of the Nashua and Blackatone 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 14200 acres for rapid infiltration. These areas could treat about
55 mgd using spray irrigation techniques and about 228 mgd by rapid

V 

infiltration for a total of some 263 iugd. 
- -
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Additional. renovation capacity could be provided by including
sites less than 50 acres that were clustered near each other or near
larger potential treatment sites. This would increase the total
orolume of ‘was-tewater effluent that could be treated to around 3)40 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 methodolo~ r
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 ingd 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 Sudb ury _Assabet-COrlcOrd River Basin ( SUA.S0O)
could have serious impact upon the stream flow and aquatic enviro!~~ nt.
This would be especially critical duri ng low flow periods if the projected
2000 effluent flows , about 38 ingd , for the six regional treatment facili-
ties (Billerica , Concord , Sudbury , Hudson , Marlborough (east and west) , )
in the SUA~SC0 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 ?.~rrimack River at Lowell, Mass

achusetts (Figure 3).

Similarly, diversion of some 16 mgd by the year 2000 from the upper
Charles River Basin; Milford, ?.~dway, and ?‘~dfield, 

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 (39) and “normal sea water” show that land treatment of
waste-water effluents should not be considered where sea water comprises
one percent or more of the wastewater flow.

38
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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 Marshfield
(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 unsuita~ble for land treatment.

Sufficient land areas su,ited to land treatment in the Canton,
Dedham, ~~dford, Watertown or Wbburn 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 a.ll 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 nmgd 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 an 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
proximity 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 Q~uality

Effluent quality from activated sludge secondary treatment
facilities is dependent , in part, upon the quality of waste-waters
furnished to the facility from industrial, coñuneräial and domestic
sources. ~:tensive efforts to describe quantitatively the wastewaters
within the Boston Harcor-Eastern Massachusetts J~ tropolitan Study Area
proved to be hejond ~;he 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 pretreat-rnc-n~ will remove excessive trace minerals(heavy metals) and refractory organics so the wastewaters will be coxnpati—
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. F~ff1uents 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, a~id cations would be comparable to typical secondaryeffluent (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
orp,anics 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
anmionical form so it would he fixed within the soil and thereby be
available over a longer period for crop uptake.

40
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TABLE 7

Maximum accep table concent r~ tion for  elements in ir r i gation wa ters

app lied continuousl y and over a 20-year  period

Continuous A pp lication for
Const i tuent  A pp lication 2 0-year  ~eriod

~H (standard units) 4 . 5-9.0 4 . 5 - 9 . 0
BO D a! a!
Al (mg/I) 5.0 20
Ar (mg/I) 0. 1
Be (mg/I) 0. 1 0.5
Bicarbonates (mg/I) a/ a!
B (mg/I) 1.0 ~~. 0
Cd(mg/l) 0.01 0.05
Chlorides (mg /I )  no limit no limit
Cr(mg/I) 0. 1 1.0
Co(mg/I) 0.05 5.0
Cu (~mg/I) 0. 2 5.0
F (m g/I) ~.O 15.0
Fe(mg/I) 5 0  ~o. O
Pb(mg/I) 5.0 10.0
Li (mg/I) 2.5 a!
Mn(mg/l) 0. ~ 10.0
Mo (mg/l) 0.01 0.05

- T Ni (mg/I) o. ~ ~~~. 0
NO -N (mg/I) no limit no limit
Se ~mg/I) o .o~ 0.02
Na (m g/I) a! a!

Fecal coliforms 1,000/lOOmI I,000/IOOmI

Total Dissolved Solids 2,000-5,000 ~, 000-5,000
Susçended Solids a/

• a/ Specifx concentrations must be set according to soil properties
and/or crops grown.
U. S. Environmental  Protect ion A gency.  1973 . Prop osed Cri te r ia
for  Wate r Qua l i t y ,  Volume I , USEPA , Washington , D.C.(l9)
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III • PROPOSED LAND WASTEWATER M AGE IT 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 ener~ r 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 concerni ng 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 eastern
Massachusetts may not be coinpetative with the maj or farmi ng 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-
log 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-
xnent facilities and 2) achieving greater wastewater renovation at less
cost.

As explained previously, not all waste-water effluents dis-
charged from regional treatment f~cillties 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 reno-
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 effluent s from the study area is not expected to adversely
affect stream environs or water supplies.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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-: Effluents from the remaining 22 regional. treatment facilities
listed in Table 8 will requi re additional tre atment 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. Salinity 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 1466 mgd of wastewater effluents must be discha rged
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 • Al]. wastewater flows to each regional, treatment
plant would receive secondary treatment consisting of: screeni ng ,
coimninution, grit removal, primary sedimentation , activated sludge
treatment followed by fi nal clari fication and disinfection.

The sludge from the four regional plants located at Woburn,
Medford , Watertown , and Can ton will be thickened and pumped to the
regional treatment plant located at Dedham. Primary 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 mu].-
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 ener~ r 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 Regional 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 ?~ tropolitan 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

PROPOSED REGIONAL WATER POLLUTION CONTROL
FACILITIES DISCHARGTh~G EFFLUENTS DIRECTLY

TO RECEIV ING STREAMS OR OCEAN

Billerica (S) Medfield (S)
Chelmsford (S) Medway (S)
Concord (S) Milford (S)
Deer Island (0) Nut Island (0)
Gloucester (0) Rockland (S)
Hudson (S) Rock port (0)
Hull (0) Scituate (0)
Lynn (0) SESD (0)
Mancheste r (0) Sudbury (S)
Marlboroug h (West)  (S) Swampscott  (0)
Marlborough (E ast ) (S)

S - Discharge to stream
0 - Discharge to ocean
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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 superriatant or process effluent is normally discharged after disin—
fectiort, 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 floe bacteria are ready to receive more
wastewater pollutant s to continue the purification process. During
the time when the sludge is in contact with the waste matter, the
bacteria multipI~ and produce more sludge. The excess sludge over that
required to mainLa~n the activated c~udge process is drawn off while
the remainder ~s kept and rei urned to the aeration tanks.

The b-asic ao~ivated sludge process reo~uires from two to eight
ho~r~ aernt~c-~: ~o achieve the necessary treatment. Air requirements
i’ange from 0.2 Th 1. cubic feet per gallon of wastewater with one
-cubic foot per ga1lo~i being the general rule of thumb. Aeration may
be provided by air diffusers which are fed air under pressure or by
mechanical. aerators. The latter may be actuated by dissolved oxygen
sensors ~hi~h are placed in the aeration basins (35).

The basis of design for the treatment plant uuits listed
above is ~ive~- in Table 9. Because only rudimentary knowledge is
aiai ab~e regardin~ wastewater characteristics, amounts of infiltration,
peal: flow rates, per capita wastewater production, etc., only nominal

- 
- dezi~;n dat a 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 receivi ng treatment, the plant effluents will be dis-
charged to a conveyance system which will transport the effluents to
the land treatment area.

C. Conveyance System

. !~b~e Tunnel System

The efflue:it s fr~m the five regional water pollution con—
t rol ia-~iiities wi~ i ic conducted to the land application sites in
Southeast ~~sachusetts b:- means of a mole tunnel system and force
mains. The mole Thrnel  will conduct the effluents from the Woburn,
Medford , Watertown and Dedhazn WPCF ’c to storage laroons near the
‘anton plant . The tunne ’ will have a circular cross—section and is to - - _

be constructed Thru irh rock. Because the subsurface strata along the

147 
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TABLE 9

DESIGN DATA SUMMARY FOR

REGIONAL WATER POLLUTION CONTROL PLANTS

DESIGN YEAR 2000

WASTEWATER FLOW & QUALITY
Flow Rate , ADF Table
Peak Flow Factor 1.7
5-day BOD 240 mg/liter
Suspended Solids 240 mg/liter

DEGREE OF TREATMENT
Biological Process Activated Sludge
Overall Removals : BOD 5 90 %

Suspended Solids 90%

PRETREATMENT
Bar Screens Mech . Cleaned

Size of Openings 3/4 in.
Screenings , per MGD 1 Cu. ft.
Disposal Landfill

- - 

Commiriutor

Grit Removal Aeration
Detention Time 3 m m .
Air Supply 6 cfin/ft.
Disposal Landfill

FLOW MEASUREMENT parshall Flume

PRIMARY SETTLING TANKS
Detention Time @ ADF 2 hours
Overflow Ra t e @ ADF 900 gpd/sf

AERATION TANKS
H BOD 5 Loading 35 lb/l000 cf

Air Requirements 1000 scf/lb BOD5
Detention Time 6 hours
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TABLE 9 (Continued )

FINAL CLARIFIERS
P Center Feed Type with Skimmer

Detention Time @ ADF 2 hours
Overflow Rate 900 gpd/sf
Minimum SWD 10 f t .

DISINFECTION
- 

- Chlorination
Detention Time @ Peak Flow 15 minutes

SLUDGE PRODUCTION TOTAL 1.0 TDS/MG

SLUDGE THICKENERS
Gravity for Primary Sludge

Overflow rate 400 gpd/sf
Loading 22 lb/sf/day
SWD 15 f t .
Detention time , minimum 6 hours

Flotat ion , for Waste Activated Sludge
Load ing 15 lb/sf/day

H Air to Solids Ratio 0.02

SLUDGE VACUUM FILTERS
Loading 3.5 lb/sf/he

H SLUDGE INCINERATOR
- 

- Multip le Hear th -

- I Exhaust Gas Temp. 1400° F.



proposed tunnel route is expected to include random forma~~on of weak
and structurally unsound rock such as shale, limestone, and easily
fra~nented vuicanic 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 shaft s through which treatment plant
effluents will be discharged to the tunnel. Table 10 presents a
sui~mary 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 assuried 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 lined

The treated wastewater will flow down the mole tunnel to a
terminus near the Canton WPCF. At this points the flow will enter the
wet well of the tunnel lift station from which it will be pumped to
the ground surface into equalizing storage lagoons. Table 11 presents
a sux&nary 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 operat ing conditions , the tunnel
should conduct flows at self-cleaning velocities thereby minimizing
solid s 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. ?~‘b1ed 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 laridfilling.
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TABLE 10

SUMMARY OF CONDUIT DESIGN DATA FOR

MOLE TUNNEL SYSTEM

ApprOX . Slope Requir ed
Tunnel Segment Length , f t .  f t /f t  Capacity , MGD

Woburn—MedfOrd 13 , 000 0 .0005 53
Medford-WatertOWfl 28 , 000 0 .0005 104
Watertown—Dedham 37 , 000 0 .0003 180
Dedham-CantOn 22 , 000 0 .0008 250

Total Length of Tunnel 100,000 f t
Net Tunnel Diameter 10 ft

Shaft Location Length , f t

- ; Woburn 346
Medford 352
Watertown 237

- Dedhaxn 324
Canton 280

Net Shaft Diameter 10 ft

L 
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TABLE 11

-

; 
- MOLE TUNNEL LIFT STAT ION DESIGN DATA

-
- -! - TUNNE L FLOWS

Average (Yr 2000 )  150 MGD
Peak (Yr 2000 )  250 MGD

STATIC LIFT , AVG 300 f t

NO. OF PUMP S 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
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TABLE 12

DESIGN DATA FOR EQUALIZAT ION 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 , M m .  5 feet

Total Dike Height 30 feet

Side Slopes 3:1

-
- 

- 

Berm Width 15 feet

- I

- -

:1

- 
- - ;
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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 , Ply~~uth,

- 
- 

- 
Bourne and Sandwich. Transport to land within the Hamilton, Ipawich
and Middleton regional units will be via a 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 114.

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, 214 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 pipi ng 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 computer
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
applicati on site area so as to minimize fluctuations in the pumping
routing. It is believed that the entire pumping opration, including
the mole tunnel lift station operation, can be automated to a high

- -
~ degree and that supervision and maintenance costs 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-Watert own-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-Pl~iinouth-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 infil—
tartion and 15,000 acres for spray irrigation. The volume of effluent
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H TABLE [3

SUMMARY OF DESIGN DATA FOR

HIGH PRESSURE TRANSMISSION SYSTEM

4 Pipeline*
Leng th Dia Design F low (MGD)

Pipeline Segment ft  in Winter Summe r

- 

- 
Canton P.S. to Point A [16 , 000 90 17 7 177

Poj nt At to Freetown S.L , 58 , 000 54 11 53

Point A to Point B 85 , 000 90 166 124

I 

Point B to Carver -Pl ymouth 16 , 000 48 0 62

Point B to Point C 42 , 000 90 [62 62

Point C to Bourne - - 20 20

H Point C to Sandwich 37, 000 78 146 42

Hamilton P.S. to Boxford(North) 35, 000 12 1.4 1.4

IpswichP .S. tolpswich 26,000 12 2.4 2.4

Middleton P.S. to Boxford(South) 12,000 12 2.4 2.4

* All p ipe to be RCP

j I
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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. ~~nagement of Effluent Application

Prior formulations of land treatment alternatives for reno~-
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-

j. 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-

F 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
and non-growing periods more than doubles the spray i rrigation acreage
needed since any effluent stored together with net precipitation gain
~-~u st~ be applied during the ensuing suitable application period . Even
so, this approach provides best control of the additions of effluent
-~o~stituents to the land.

Rapid infiltration z~stenis require considerably less land
area since loading rates are r;t~ch higher and the s:-sterls are operable
-~o~~~r~uous~.: throughout the year , a feature which eliminates the necessity
~‘or storage facilities. Prime considerations are not facilitating

~nitr i ent 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
treatment. system and at the san e time minimizes or eliminates the more
undesirable aspects of each. The land alternative proposed here for
the treatment of approximate 180 mgcl of secondarily treated wastewater
from the Woburn (31 mg d) ,  ~~dford (30 mgd ),  Watertown (145 mgd), Dedhani
(141 mg d),  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. Thi s combined approach minimizes
the acreage needed for surface storage lagoons in that only emergency
storag e facilities with 114 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 useà to treat
a greater proportion of the summerfiows .
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This approach i.ncrea~es the percentage of the total land
area whi ch will be used primarily for agricultural activities. Evalua-
tion of lands in southeastern ~~ssachusetts for potential land treat-
ment sites revealed two reasonably close areas where both spray irri-
gation and rapid infiltration land treatment could be implemented;

- : - a) the Freetown-Fall River area and b)  Plyinouth-Carver-Bourne-Sandwich
area (Figure 10),

For convenience, the discussion of the land alternative
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-
maril:T by using the spray irri gation technique. Through the site
select ion process , approximately 6020 acres were identified in the
Freetown-Fall Ri ver area which could treat about 53 mgd using the spray
irrigation technique proposed here. Approximately 8090 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
method. Rapid infiltration treatment would require about 1200 acres
of land suited to rapid infiltration.

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 rapi d 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 (14 5 mgd). Since the Sandwich site
could treat about three time s the s~munert ime flow directed to it ,
several management options are possible:

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

b. a portion of the 145 mgd , say 35 mgd , could be treated
- 

- 
by rapid infiltration on some 6145 acres while 10 mgd was treated by
spray irrigation on 2100 acres. 
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Winter Operation

Treatment of the 180 mgd of secondary effluent between
mid—October and mid—Apri l would be accomplished entirely by rapid
infiltration on some 3320 acres. The rapid infiltration sites are
se~ nented into three parcels ; a) 210 acres in the Freetown-Fafl. River
area , which could treat about 15 mgd ; b) 365 acres in Bourne, about 20
mgd; and c) 27145 acres in the Sandwich area , about 150 mgd . (Figure 10)

- - 2. Land Treatment in Hamilton, Ipswich and ~.t.dd1eton

Land treatment of the effluents from the regional
wastewater treatment facilities located at Hamilton, Ipswich and
!.~.dd1eton 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 vastewater 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 suspen~ed matter and biological action by bacteria and algae
on remaining 30D.

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

‘1 not be aerated as it is expected that odor production can be kept to
a~ minimum by utilizing only the minimum nurnber~ 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-
section of a typi cal 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 arra’--gement. Storage lagoons at land

6o 
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application sites will be equipped with disinfection facilities which
will chlorinate the wastewater prior to land application. The
z~hlorinated flow will first pass through an open channel having suf-
ficient detention capacity to allow adequate disinfection and dechlo-
rination to take place prior to spray irrigation.

Sufficient lagoon storage capacity should be provided to
contain the average design flow for 114 days at both the spray irri ga-
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 ?~.ddleton sewage treatment facili-
ties are shown in Table 15. The storage lagoons for the spray irri-

- I 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. ~~ximum flow
through the transmission line would be about 170 mgd duri ng winter
operation. For this flow, about 292 acres of lagoons would be needed
to provide lii- 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,
4 Ipswi ch 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 drai nage 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: gravit~ or pumped.

The gravity drainage s~;stem can be employed wherever the
s2ope of the si te is sufficient to permit loosely jointed drain pipes
to transport the groundwater to a central collection point. The land
application site may be partially or totally underlain with the drainage
pipi ng Jepe nding upon physical features of the site. The piping must
be p ace i at a depth which will be sufficient to allow the applied - -~~: 

-
~

wastewater to receive adequate treatment without incurring excessive
placement costs. Drainage piping often consists of perforated clay
tile although perforated plastic pipe is also popular .

62
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TABLE 15

SURFACE STORAGE LAGOONS

Ave Dail y Flow Storage Cap Required Lagoon Area , Acr ~~~ T
Location (MGD) (Days) (MG ) SI RI Total

Freetown - 53 14 742 91 - 9 1
Fall Rive r 11 14 160 - 20 -

Carver-  62 14 868 107 - 107 —

Plymouth

Bourne 20 14 280 - 34 34

Sandwich 150 - 14 2 100 - 258 258

Hamilton 1. 4 14 70 - 3 3
(North)

M iddleton 1. 4 14 34 - 4 4
(South)

Ipswich 2.4 14 34 - 4 4

a/  Storage lagoon 25 ft effective dep th
- 

SI = Spr ay ir rigation
- RI = Rap id Infiltration

I
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The method used for land application of the wastewater and
the permeability of the soil play important roles in determi ning 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 thxo ugh the soil or living fi lter 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
di rection of th~ runoff flow . Such berxns , 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 drainag e syst em. Surface
runoff detention systems should be provided under all circumstances
even when a subsurface drainag e system is not employed.

The design slopes and lateral spacing of drain tiles axe
dependent upon the flow rates to be carried and the characteristics
of the soil. For the permeable, sandy-type soils (permeability = 1400
gpd/sf), the tile spacing is 1400 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 fran 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 drai nage 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 drai nage systems. Under typical conditions,

- 

- 
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TABLE 16

DESIGN CRITERIA FOR PUMPED

SUBSURFACE DRAINAGE SYSTEMS (15)

Soil Well Well Well Draw-
Permeability Spacing Dia Depth Down Discharge

(gpd/s f)  (ft) (in) (ft) (ft) (gpm)

1 60 2 . 5 30 10 *

10 180 2.5 30 5 1

100 600 2 .5 30 5 11

1,000 2,000 4 .0 30 10 243

10,000 5,000 4.0 30 2 512

* Less than I gpm
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2.5 inch diameter wells are driven to a depth of 30 feet and furni shed
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 c ones of influence around each pumped well site will keep
the groundwater level from encroachi ng on the aerobic treatment zone
during periods of high groundwater recharge (114).

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 underdrai nage 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 waste-water 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 rig/i consisting of organic-nitrogen (2 mg/i), anuonia-
nitrogen (10 mg/i), nitrate-nitrogen (8 mg/i) and a negligible amount
of nitrite-nitrogen. Only about 95 percent (19 mg/i) of the total
nitrogen in the secondary effluent is readily available for crop use.
The remaining 1.0 mg/i consists of resistant nitrogenous organic
compound s which are not easily degraded .
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TABLE 17

Annual  N utr i ent  Additions to Spray Irrigation Site s for
A pp lications of 2. 0” of Secondary Effluent per Week

Effluent Quality Annual Input s
Nutrient (mg/I)  .~J .~~~~ pounds per acre-year

— 
N 20 235

P 13 153

SO4 42 499

Cl 100 1178

Ca 40 471

Mg - 17 200.3

K 12 [4L.4

Na 40 471

Mn 0.2 2.4

Phenols 0 .3  3. 5

lj
Hg 0.005 0.06

Pb 0.1 1. 2

Al 1.0 
- 

11.78

Fe 0. 1 1. 2

Cu 0.1 1.2

B 0.7 8.2

- 
- -

~~~~
‘ Zn - 0 . 2  2 . 4

- ~
-
~~:~

‘ 
~ a/ Ref 19 and 39
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Under normal agricultural practices, nitrogen losses

due to denitri fication 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/i or i-bout 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 lb/ac of crop available nitrogen is
applied during the 26 week application period.

Compared with amount of nitrogen taken up by various
forage crops, annual inputs of avai lable nitrogen would not be suffi-
cient to satisfy crop needs (Table 3). Under noi~al agriculturalconditions grot-rth and harvesti ng of forage crops can remove about
165—220 pouncir’ of nitrogen per acre per year. Therefore, if crop
nitrogen needs ai~e to be sati sfied, additional nitrogen may be needed
in spra~

; irrir-ation areas. £~ cli ~-1udies (25 ) have shown that applica-
tion of secondar:-: sewage effluent car? . increase crop production and
the uptake of applied nic~-o~;cn . ~u~rient requirement s can be easily
satisfied b :— adjus ~ in~ up\-~ar~s the weekly application rates to supply
the additional ferti lizer needed , but care must be taken to ensure
that an aerobic root zone is ~:Iai nt-atned . Larger additions of waste-
water ma~’ wateriog 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 he assumed

-
. I that the amount of nitrogen available for leaching through the soil

will be quite low, probably less than 2.0 mg/i beneath cropped
areas.

Spray irrigation to forested land has been shown to
increase tree growth through nutrient use. Sopper ( 146, 147) observed
2-14 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 ~ias about 70—80 percent
during the initial two years of the study, however, removals decreased
to about 30—50 percent (10—20 mg/i ) 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 .
-f f1ur- r~t addition in association with the annual recycling of foliage,t--4 , a’:—l bark nitrogen without substantial nitrogen removal eventually
- ‘ - - 

- in tC’~—II being carried through the soil , It n~~~r be possible
~~~~~~~~~ ~~~ prr?per management practices to include rapid maturing tree
sp~ i~ - - , - - - th frequent harvesting plus operational practices to en—

~ ftr i~~ ~aYwn processes, an acceptable nitrate level could be
~~ g, a~

.wi (i.e.. ; r - ~~~ than 10 mg/i).
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TABLE 18

Crop Yields and Removals of Malor and Secondan’ Nutrients

C:oo . 
—

~ N trle tRe d ~~/a~~~
Crop ‘roduction N P ~ Ca ~~~

• ~orn grain ~15.5% mois~~~e).il l5Qbu/ac 22 28 3 j Q_ 
~Q_

~~~~~
p sila~e (75% rnoisture)~’ - 

25T/ac — ~~5 ~~~~~~ ~~Q j ~ ~~ AL.

~f~~~rome (ip%) .~/ 5T/do t 2.20 30 j~~ 90

se~~i~~/ 5TJ~~ 170 ~j. ~~5 45 — —
~~~~~ras~~~ — ST/ac k4L  2L .L~Q. ~~~ — —

~illlet Q~atane Se) W STJac 123 ~r 
~L ~~Q 20 —

~~d ~ anarv crass .k/ ST/ac 157 
—

1/ Timothy, bromegrass , orcha rd g rass , blueg rass
a/  Ref 16
b/ Ref 36

Li 
~~~~~~~

~~~~~~~~~~~~~~~~~~~~ _ _
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b. Phosphorus

Phosphorus applied to the land in spra~’ irrigation areasshould 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 ehemi~al reactions . A1~hough the reactive
mechani sms are not well-defined , it is known that soil adsorption and
fixation can inmobilize considerable phosphorus. Investigations of
long—term fertilizer applications has found that very little phosi hate
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 inmobilization mechanisms can remove
90—99 percent of the applied phosphorus ( 1414).

Studies of soil which received large amounts of phosphorus
over long periods, give some idea of the magnitude of the soi l-fixation
capacity. Kardos (26) determined adsorption capacities of about 2,000
pounds per acre foot ; while Murphy (37) found California Aiken c1a~jloam capable of fixing 8,ooo pounds of phosphorus per million pounds
of soil. In light of these studies, it seenis safe to assume the loan~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 duri ng the 26-week effluent
application period is about 13 mg/i as p014—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
14,000 lb/ac-ft as P and effective soil depth was five feet to water
table or drai nage tile, the projected useful site life to remove P
would be about 150 years at 2.0 inches per week . The projected longe-
‘ñty could well change following the necessary field and laboratory

- - investigations defining the phosphorus adsorption and fixation.
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TABLE 19

PF~)RPH0RUS ADDITIONS AS A FUNCTION OF TD~
UNDER 2 INCH/WEEK APPLICATIONS

Phosphorus Input~J Net Phosphorus Applied 
~/

- - - Total Net years 
~jlb/ac-yr~~ 10 20 30 40 50 60

153 128 1280 2560 381iO 5120 6400 12800

1. Assumes 26-week application period annually , and P concentration
of 13mg/i

2. Assum es a 25 lb/ac-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 a~~unts 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
:eveis (Table 7) in sewage effluents proposed for application to c,op
land 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 management
situations; however, effluent application to vegetable crops is not
likely, at thi s 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 .

On the other hand , soils themselves may be susceptible
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 ~~+2, become too high, sodium tends to replace Ca+2 and I’~+2ions from the clay particles. Predomi nance of Na+ ions on clay particles
has the effect of dispersing soil particles when freshwater is applied
resulting in decreased infi ltration and permeability which in effect
can “seal ” the soil surface horizon.

-: Identification of potential salinity hazards due to appli—
cation of waste-water effluents to soil and crop can be ascertained from

.1 _______________ 
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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 250C have a low salinity hazard ; those with conductivi-
ties of 250-750 have a medium hazard ; those of 750-2, 250 uxnhos/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 crop].and
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 some possible salinity hazards to
salt intolerant crops.

Coastal connnunities 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 zoils when considering land application as a
wastewater treatment method. Where seawater comprises even a small
portion of wastewater flow, a sub stantial increase in conductivity
would occur, making the effluent undesirable for irrigation purposes.
For example, i~’ five percent of a community’s wastewater flow was
made up of seawater (electrical conductivity of 35,000 uinhosJcm), the
resulting effluent conductivity would be around 2,225 umhos/cm, which
would ‘ie 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 e fiuent conductivity would be about
325 wnhos/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 seawater 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-
me-nt 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 1.34 , 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

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
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. MDst of the crops under consideration will
tolerate this level of chloride, including hay and corn.

e. Sulfate

No values for sulfate were available, thus, it is not
possible to calculate the quantities that would accumulate in soil.
Sulfate adsorption by soils is discussed by Ellis (16).

f. Trace Nutrient s (“heavy metals ”)

The following section explicitly addresses trace nutrients
and their plausible impact upon the soil-vegetative system. After con-

- I siderable effort to identify and quantify trace nutrients present in
municipal and industrial wastewater of the Boston Harbor-Eastern
~~ssachusetts ~~tropolitan Area, it became apparent that only an ex-
tensive waste-water 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
di scharging to i~unicipal cewers would not dilute toxic industrial
wastes in the municipal wastewater flow. Rather, the municipalities

-ì permitting industrial discharges to municipal sewers would police these
discharges to prevent dilution of trace nutrients of industrial origin
in domestic waste-water flows.

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.,
- • 

pro~~sed “1973 Water Quality Criteria ” for irrigation water , the quan-
- 

- 
• tit~es of trace nutrients taken up by plants and the net annual addi-

tions under 2.0 inches per week are displayed in Table 20.

-

~~~~ 1
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:-~ ~ Data given in Table 20 shows the pounds of each nutrient
I ~ 

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

- ~ a particular spray regime can be compared with the average total
amount of the metal found in an acre of soil. Although most trace

- 
nutrients may be considered fairly evenly distributed through the soil

- 
profile , there can be important changes in composition with depth .
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—
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 o~ less of most trace nutrients
added on an annual basis. Generallj, 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.

Arsenic

Arsenate-s ~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 leachi ng arsenates through the soil profile as the phospho- 4

rus adsorbing capacity of the soil becomes saturated . A whole range
of total arseni c 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 Ic limited before large amount s of arsenic are ad-
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/i 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 conf irm the soil and plant reactions of arsenic.

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
grown. Rhoades , et . al. (!~2) 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
Corn and most other cereal grains are semitolerant to boron while most
sensitive plants, such as navy beans , will tolerate 0.7 mg/liter of
boron (lil). 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 evapotranapir-

ation.

-

• 
Cadmium

The chemistry of cadmium is similar to that of zinc and
H the soil bonding mechanisms of zinc have been recent ly reviewed by

Ellis and Knezek (17). Recent research by John, et al. (21~) has
shown that 90 pounds of cadniuiz added to a soil surface over several
years did not move more than four i;iches into the soil profile. Their
work on cadmium upt&ce by oats and studies by Traynor and Knezek (51)
in Michigan on corn show little increase in plant uptake at the levels
of cadm ium to be applied . Unless very soluble and mobile complexes
are forme d with low molecular weight organics, there should be little
or no movement into drainage.

Lagerwerff (28) has recent ly reviewed cadmium in the
environment , including soils and plants.

Chromium

• The amount of chromium which will be added to the soil - :
is well within the amounts normally found in soils ( Table 20). Walter ,
Traynor , and Knezek (59) have found that certai n soils have a large
capacity to fix chromi um and leaching into the drainage water should

- 

- not be a problem. ~~ny times when naturally occurring chromium toxicity
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to plants was suspected , the concentra tions of chromium in plant tops
was the s~~~ as for nox~~.l plants. Walter , et. a. (59), found sisd].ar
re sults with corn in Michigan, but Turner and Rust (52)  found uptake
of chrani. um 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

M3st of the copper will be bound in organi c 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
arid minim~i leaching of organic complexes containing copper into the
drainage water will occur . Reuther and Labanauskas (14.0 ) have reviewed
the chemistry and toxicity of copper in soils . The soils proposed
should adsorb the copper being added for an indefinite period of time
at the rate arid 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 organi c complexes due to high level of
iron addition, but the level should be less than the 0.3 p~~ drinldng
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 (~.i5, 58).

Lead

Lead 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. }bwever , Cox and
Rains (13) have reported considerable lead uptake from severely con-
taniinated soils (614 to 196 lbs of lead per acre). The subject has
been reviewed by Lagerwerff (28).

?~ nganese

When manganese is added in excessive quantities, soluble
organi c complexes can move through the profiles . In the amounts to
be added in wastewater effluent, nIl 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 main— - ‘

tam ed at pH 7 or above and there rniy be real possibility of manganese
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deficiency induced by the high pH and iron applicatIon levels (145).
The subject of manganese in sol]. and plant systems has been effectively
reviewed (140).

~~rcury

The chemistry of mercury in soils is similar to thai~ of
- 

- 
copper and lead. The soluble mercury will be rapidly fixed by the
organic and clay fractions of the soil and there will be little move-
ment through the profile and probably no significant Increase in plant
uptake at the levels being applied in the effluent. ~ctreme potential
toxicity of certain forms of mercury, such as methyl mercury, warrant
a close investigation of the form being added to the soil and subse-
quent soil conversions. Lagerwerif (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 adsorb
nickel without appreciable leachi ng 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 fran serpentine soils have been made • The
levels bei ng added in the effluent of the present system should give
~io 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.
Where selenium additions to low-selenium soils have been followed by
repeated measurements of se1e~ium 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 (i). Nearly all of the soils
on which high selenium (above 5 ppn) grasses and grains have been grown
are neutral to Ri k~~~H ne 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).

Underwood (53) has quoted work indicating that soils con-
taining more than 0.5 p~mi 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 5p~n); (2)
those which adsorb moderate amounts (up to 30 p~n); and (3) those
accumulator plants that adsorb more than 30 ppa. Most grasses are in
the first class and all cerals are in the secopd 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 fran soil at toxic levels for
animals and humans and a possibility of plant toxicity after a few
years of application exists.

Zinc

Although the zinc additions appear to be high, similar
amounts of zinc have been added to comparable 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. AJ..laway (1) has indicated
that some increase in the zinc content of crops used for feed would
be nutritionally beneficial . The soil arid 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 mets]. 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 profi le , 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 draina~e water
it synthetic chelates are present .

At the organic loads specified in the data provided for
H 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 organi c 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.

The possibility that boron might be toxic to some crops
was pointed out . The eight pound/ac of B calculated for 2.0 inch!
week efflue nt would exceed the three lb/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 ,

ç 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.

There remains the possibility that the boron-adsorbing capa-
city of soils may be saturated over time and that the concent ration in
soil solution and percolating water will approach that of the applied
effluent . Consideration should be given to identifyi ng and reducing
sources of the boron which appear in waste effluents.

Anotier 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 mi cro—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 drinki ng water standards .
~.bst 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 recoimnended 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 mineralo~ r of the soil and on the composition and proper-
ties of effluent from a specifi c source.

H. Proposed Rapid Infiltration for Treatment of Wastewater
Effluents

The daily flood application of large volumes of waste-
water effluent to a relatively ~na1l confined land area consisting of
permeable stratified sands and gravels for the purpose of additiona].
renovation or disposal of wastewater effluents has conmonly 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 was ~ewater 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 years to provide final treatment/
dispose,]. of domestic wastewater effluents. Sewage trea tment facilities
at Ft. Devens (1i4) and Otis Air Force Base , I.~.ssachusetts and Lake
George, New York (5) have incorporated rapid infiltration as the fine].

• 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 o±~ the site. Organic matter loading while
often a consideration was important only as it pertained to hydraulics
of the system. ~~nagement 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 qua].ity and a Sus-
tained infiltration rate can be maintained.

Investigations of the wastewater treatment facility at
F t .  Devens, Massachusetts, which includes 22 rapid infiltration basins
for final treatment of unchiorinated 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
coliforni 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 storage 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

-
• I 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

r 
- 

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 dls-
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 basina . 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 ~nvestigatiofl of the effluent
application has shown the importance of m~ne.gement 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 infil-
tration systems concluded that continuous or very long inundation
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 organi c material and
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 primari ly
been carried out in dry climates • Bouwer (9) found a ll+-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
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 lu --day recovery cycle.
Field studies and laboratory tests conducted by Lance (30, 3].) and
Bouwer (10) found two days of effluent application followed by five to
114 days recovery time was well suited for nitrificafi on of the organic
and ainmoni cal forms of nitrogen but was not best for removing nitrogen

• by denitrification. Satterwhite ( liii.) observed application of prinmry
sewage effluent for two days followed by lii. days recovery, at Fort
Devens , has maintained an acceptable infiltration rate while enhancing
nitrification of organic and amsonia nitrogen. Although total nitrogen
levels were reduced IiO-60 percent, NO —N levels in the groundwater
surrounding the infiltration area ran~ed from 10-20 mg/i. 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 znaintair.ing
adequate renovation of other wastewater constituents. The application
cycle of lii~ days inundation followed by seven days recovery was pro-
posed .

Li ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



3. Application Rate

Eff luent 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
at approximately 0 • 5 ft/day for an anru.tal total of 125-150 ft. Higher
appli cation rates, 1.1 ft/day , 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 ?~ ssschusetts Department of Public Health
(11). Using this loading rate and the operational cycle previously
discussed , the acreage requi red to treat a wastewater flow of one
million gallons per da~r (1 t4 D) was calculated to be about 18.11 ac.

The amount of wastewater treated annually under this
application rate and operation cycle would total about 83 feet . Com-
pared to experiences at the Flushing ~~adows project , this loading
rate and vo1t~~ 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 infi ltration treatment facili-
ties in New England .

As discussed previously, all rapid infiltration sites
would not be operated continuously throughout the year. During the
suimner months , only about 62 mgd would be treated on the 3110 acres of
rapid infiltration sites in the Bourne-Sandwich area.

To calculate annual nutrient addition to the ra pid infil-
tration site , it was assumed that all 3110 acres in the Bourne-Sandwich
area would be inundated about the same ntm~ er of da~s 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 eff luent duri ng the sunm~er months • An additional 61e feet
would be applied during the winter operation for a total addition of
about 95 feet of secondary. effluent .

The 210 acres of rapid infi ltration sites in the Freetown—
Fall River area would be operated only during the winter half of the

4 year and would receive about 63 ft/yr of secondary effluent.

Ii. Organic ?.~.teri al

Additions of organic material as expressed in terms of
five-day blo-chemical oxygen demand (BODc) and chemical oxygen demand
(COD) are dependent as are other wastewater constituents upon concen-
tration In the eff luent, application rate, and operation cycle followed.
BOD5 and COD levels assumed here were 30 mg/l and 70 mg mg/i , respectively.
Annual BOD5 loading under the proposed application rate and application
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cycle would be about 5, 130 lb/ac 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 infi lt ration- percolation which treat primary or secondary
wastewater effluents have shown substantial amounts of mate rial can
be effectively treated without impairing renovation effectiveness of
treatment basins . Investigation s of the ft. Devens , ~~ssachusetts
sewage treatme nt facility have found annual BOD and COD loadings of
28 ,500 lb/ac and 11.7,600 lb/ac , respective ly, di~ not reduce infi ltration .

• After some 30 years operation , B0D~ and COD levels in the groundwater
were 2.5 and 19 mg/i , whi ch represent about two percent and fi ve per-
cent , resp ectively, of the BODC and COD levels of applied primary
effluent . Or gani c matter inputs 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 fi lter
surfac e so as to impair infiltration or continued removal of organi c
constituents ( 114). Other studies of treat ment infiltration basins to
renovate secondary effluents have shown similar . Bouwer (9)
found BOD5 of secondar y effluent applied to rapi d infilt ration basins
was reduced to zero in groundwater. COD levels were reduced from
50 mg/i to 17 mg/i after percolati ng through sand and gravel to the
groundwater.

Investi gations of the infiltration basin operated for
more than 30 years at Lake George , New York , revealed similar reduc-
tions in BOD5 levels for secondar y effluents passing thro ugh ten feet
of permeable sand and gravel (5).

From these investigations, it seems reasonable that under
prop er management, the BO1)~ and COD levels ass~.med here can be adequately
removed from wastewa ter effluent as it moves through permeable send
and gravel strata of the treatment basin. It is Important to note
industrial effluent with high levels of Qrga ni c matter or effluent s
conta ining greas e and oils should receive prior treatment to meet
the assumed effluent quality In order to avoid ~1ogging the treatment
basins.

• 5. Nitro gen

Level of total nitr ogen in the secondary quality effluent
applied to the rapid infiltration basin was assumed to be about 20
mg/i; approxi mately 10 mg/i NH4-N, 9 mg/i N03-N, 2 mg/i organi c nitrogen
and negligible N02-N. Under the prop osed application rates and opera-
tion cycles, total quantities of nitrogen applied to the treatment
area would be 3142 and 518 lb/ac-yr for the Freetown_Fai.lRiver and
Bourne-Sandwich sites. Soil mechan .sms for removi ng the applied
nitrogen included crop uptake, soil fixation , and adsorption, asunonia
volitalizati on and chemical denitri fication , all of which have limited
capacity or are short-lived removal mechanisms which eventually would

4 return nitrogen to the infiltration system.



• Biological fixation and accumulation of organic ~itrogen
• compounds in the soil of the treatment basin could account for about

ten percent of the nitrogen applied annually. Unless assimilated
nitrogen is routinely removed through crop harvesting, the biologically-

• fixed nitrogen would eventually be re leased following microbial decay
of organic matter.

• Amirioriia adsorption in the soil could remove substantial
amounts of nitrogen. During the drying period adsorbed N~~-N in the
aerobic zone would be oxidized to N03-N which could be leached through
the treatment basins during the next application peri od . Control of
the mobile nitrogen may be accomplished under adequ ate and proper

• management practices facilitating both nitri fication and denitir ficat ion
within the treatment basins.

• 1~ nagement pr actices which have been effective in reduci ng
• the nitrogen levels inc ludes rsaintaining the proper carbon-nitrogen

ratio in applied effluent .

~~intaining 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 sur face . Because the soil adsor ption capacity of the tre at-
ment bed is limited , the application rate must be adjusted so anin onia
and organi c nitro gen additions do not exceed adsorbtive capacity .
During the recovery period , adsorbed ammonia nitrogen and organi c
nitrogen in the aerobic zone are oxidized to NOR-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

• 
• 

fran 0.5-1.0. The stoich ianetri c equation for denit r ification indicates
a minimum requi rement of 0.7 mg of carbon per 1.0 mg N03-N , but in
actual practice this ratio has shaw’n to be somewhat greater due to the
fact that some carbon is assimilated by other than just denitrif ying
bacteria. Denitrification of agricultural wastewater required about

• 1.3 ag methanol-carbon per 1.0 xng N03-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/i TOC. Bleeding primary

• 
• 

sewage effluent into secondary treated sewage effluent , the C:N ratio
• could be effectively increased to facilitate biological denitrificatin,

once mixing ratios for optimizing nitrogen removal have been determined.
Economical benefits gained by thi s procedure would be those associated
with expenditures for a carbon source such as methanol or glucose.
Once a suitable C:N ratio has been achi eved , 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 Flushi ng 1~~adows found that adjusting
the application rate to 3.2-8.6 gal/ft/day , a 75-80 percent reduction

• in removal of nitro gen could be accomplished following nine days of
effluent application followed by five days recovery (30 , 31, 60).

• Studies at Ft. Devens , !.~saachusetts sewage treatment
• facility counted total nitrogen reduction of 40-60 percent under a

two—day application - 14 days recovery cycle .

In order to optimize nitrification-dennitrifi cation path-
• ways for nitr ogen removal, specific management and operation practices

will require field experience in the New England erivirorment.

• 6. Phosphorus

Phosphorus level in secondary eff luent tree ed by ra~pid
infiltration was assumed here to be about 13 nig/l P04—P, which would
result in annual phosphorus additions to the treatment area of 2220
lb/ac-yr at Freetown-Fa ll River and 3360 lb/ac-yr at Bourne-Sandwicb.
Under these application rates, capacity of sand and gravel medium to
adsorb and fix phosphorus could be a short-term feature . Adsorptive
capacity of sandy soils in the range 250-400 lb/ac/ft . Using these
values to approximate 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, so). 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 , ~~ssachusett s tend to bear this out

• (li ii) . Analysis of the soil samples taken from the treatment basins
• I 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 fran observation wells located around the application area
showed total phosphorus levels were general ly less than 2 y~g/1 POh.-~althoug h phosphorus levels in the applied effluent avera ged 11 mgjl
P0141’.

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 minfm~l chloride retention within
the sand and gravel medium of the treatment beds . Studies of ra pid
infi ltr ation 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 signi ficantly
— 

• 
in the treatment beds due to chemical fixation. Field studies have

• shown increases are not large . Satterwh ite (144) 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 suf ~’icient recovery time is tot per-
mitted to oxidize ferrous sulfide precipitate.

9. Pathogenic Organi sms

Wastewater effluent receivi ng additional renovation by
rapid infi ltration was assumed at this time to have been disinfeeted
prior to application to the land either by chlorination or ozonation.
Health and economic impacts sterming from eithe r process are discussed
in othe r sections of thi s report . Studies of rapid infi ltration systems
whi ch have renovated unchiorinated wastewater effluents have shown that
total coliform bacteri a and fecal colifo rm bacteria are effectively
treated to acceptable levels for potable water supplies by physical ,

F chemi cal and biological processes of land treatme nt sites . Satte rwhite
(44) found total coliform and fecal coliform bacteri a levels in
unch iorinated primary sewage effluent were essential ly removed by the
rapid infiltration system. Count s of total coliform bacteria in the
primary effluen~ applied to ~apid infilt ration treatment area varied
between 18 x 10b and 52 x 10 per 100 ml. Groundwater samples taken
directly beneath the treatment site contained total coli foz’m counts
in a range 200-4,000 per 100 ml of sample while coliform counts in
samples collected fran observation wells 300 feet from the application

• area ranged from zero to 300 per 100 ml of sample.

Bouwer (9) found the number of fecal coliform bacteria
in unchiorinated secondary effluent applj ed to rapid infiltration
systems ra nged between 1 x 10’ to 1 x 10°, but after percolating through

1 30 feet of stratified sand and gravel, fecal coliform counts beneath
the appli cation area were less than 10 per 100 m l  and were absent in
wells located 100—200 feet distance from the application area. ?bst
coliformn bacteria were believed removed in the upper three feet of
the treatment basins . When long inundation periods were used , two-
three weeks , total collforrt bacteria ~TN values were 200 per 100 ml ;
however, bacteria observed under short flooding period of two to three
days were 5 per 100 ml.

f E~va1uation of the ra p~d infiltration system at Lake
• George , New York has shown total coliform bacteria were effectively

t treated by rapi d i nfi ltration of unchlor inated secondary sewage
effluent (5) .  Total count s of coil ~‘orm bacteria in the efflue nt
numbered 600—2 ,400 per ~00 m. of saa ple. 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 l5~50/l00 ml.

Di sinfection 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 mey be found in Volume 13C.
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IV. PROPOSED SLUDGE MANAGEMENT

A. General

Table 9 gives design information related to the treatment and dis-
posal of sludges produced at the regional treatment facilities affi liated
with the land application system. Sludges produced at four of the five

• regional treatment plant s 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 a 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 Dedhani plant. Sufficient closed storage for sludge will
be provided at each regional plant , to hold 5 da~ys 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
.1 fv~ tropo 1itan District Commission , Conunonwealth 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 devatered

• to as high a solids concentration as possible without any pretreatment
by heat or chemicals, and then incinerated in multiple hearth furnaces

r~ with waste heat recovery. The complete sludge management plan consists
of the following sequential operations:

1 (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
Dedhwn plant,

(4 ) Chemical conditioni ng and vacuum filtration dewatering,

• (5) Multiple hearth -~nci neration with waste heat recovery,

(~ ) Ash disposal to lagoons, then truck haul to sanitary landfill.



~~~~~~~~~~ •—~• ~~~~ - • •
~
,-‘•

~
— •~

••,-• •• - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
•• .• •

~
•—

~~
—---•,

~_ _ _ _ _  _______ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
• • • ~5 1  ~~~~T TTTT:1T~~~~

r
1 

TABLE 21

SLUDGE STORAGE CAPACITIES

• AT REGIONAL TREAT1~ NT PIA~1TS

• PIA!~T LOCATION SLUDGE STORAGE*
GALLONS

• Woburn 700,000

~~dford 
677,000

Watertown 1,000 ,000

Li Canton 677,000

Dedhain 2,O0O,O0O~~

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

‘~
-
~l0 days storage provided.
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B. Sludge Conveyance System

The thickened sludges wfl~l 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
Woburn to Dedham and from Canton to Dedham. Figure 14 shows a schematic

• • diagram of the sludge conveyance system. Slude will be pumped by means
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 capa-
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 l1~, 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 9 presents some basic
design criteria regarding sludge thickening and de-watering, however,
because these facilities are highly sensitive to variations 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 w~ll be made to handle the most
difficult sludges .

• The dewatered sludge will be stored in bins from which it will
be drawn as required by a screw conveyor system, to be placed on a 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 .

D. Sludge Incineration

The multiple hearth furnace has been widely used for incinera-
tion of sewage sludge for which it is well adapted. It can accept
relatively large lumps of materials , is cap ab le of handli ng and evapor—

• ating large amounts of moisture, and is designe d to give good agitation
• and mixing of the burning mass. The size of the furnace , the spacing

of the heartha , 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, t-~e 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 waste-water 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

• wtich heated compressed air passes upward from a bottom plenum chamber.
The air lifts and expands the sand bed causing it to be “fluidized”

• during whi ch 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 c~~~ustion 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 :-ears, incineration as a means of sludge disposal
has been questioned on the grounds of environmental impact, namely, its
contribution to air pollution problens 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
omplete assuranc:c 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 anaerobic 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 iosts 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-
• I covery in the furr~ of digester gas is less efficient than recovery ofhen ., c~ c~ ;~ from uniigested solids. Incineration allows a portion of

the heat generated in the combustion process to be utilized for bene-
ficiaj. purposes. Some of the heat is recycled to the incineration process• while ~hc ex~c~~ ~ea~ can ~e recovered for power generation. The re-

• cove ry of the wat~e heat ~~~. lows partial recovery of the cost of sludge
processing and disposal , and it reduces the need for fossil fuels.

- Studies made for the i~~C considered three feasible energy
• •• recover:,’ systems: digester gas, digester gas and waste heat, and
• waste heat alone (22). For the same amounts of sludge, waste heat

- recovery employed alone was found to produce 114 percent more energy
than from digester ~~ recovery alone . Whe n both forms of energy

• • recovery are eznplo~ed , the total recovera~ble energy is greater than
digester gas recovery by about 67 peccent and greater than waste heat
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recovery alone by 147 percent . This coirrparison indicates the relative
r 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 cheaper than the current

conm~ rcia1 rate, which was about 1.00/kwh in mid-1973.

• The sludge di sposal 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 wifl 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

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 thi ckeners 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.

E. Disposal of Screenings, Grit and Incinerator Ash

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

-
• • 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
• 

• i ncinerator to be burned. ~ ial1er screenings will be coim~inuted and
• removed from the flow stream in the sediment ation units.

Grit from aerated grit removal facilities will be ~~shed
prior to disposal. Since it has a high inert fraction, it ~an be• recycled for reuse as road fill. ~ccess amounts of grit will be buried
in a sanitary landfill.
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j Incinerator ash will be thiseharged 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 poi nt. After the lagoon has been filled with ash and
allowed to stand and dewater to a low moisture content (30 to 140%),
the lagoon content s will be removed by mechanical loaders and truck
filled to burial sites.
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I V. COSTS

A. Methodology

Estimates for capital and operation and maintenance costs pre-
sente~I below were deve lopeC usi i~ inc most recent cost information• available from projects of comparable magnitude . because much of the
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 140% from average costs depending
• upon design 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 reasonably included in aver age cost estimates for
reasons previously cited .

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 selected from previous experience
on projects of similar nature, Engineering News-Record (ENR) cost data
and indexes , and several pertine nt p~iblication s furnished by Federal

• agencies (10, 22, 20, 38, 5 14) .

Whereve r possible cost curve plots were develope d or used
di rectly from reliable sources. All costs were pro j ected to re flect an
EISIR index of 2200. In the development of amortization and annual costs
a li fe expectancy of 25 years for waste treatment plants and 50 years

• 4 for pumping stations and pipelines arid an interest rate of 5 5/8 per-
• cent were used.

B. Capital Costs

A sunm~ary of capital costs for this plan is presented in Table
22. The capital costs are subdivided into four major categories : (1)
Waste Treatme nt Faci lities Gosts , (2) Efflue nt Conveyance System Costs ,
(3) Other Pumping Station and Pipi n.~ Costs, and ( 14) land Application
Facilities Costs. The total capital costs for Concept 5 are estimated
to be $1,263,106,000.
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TABI~ 22

SU~ L~RY OF CAPITAL COSTS FOR CONCEPT 5

Waste Treatment Faci lities

1. WPCF’s utilizing Land Application of Effluent (Includes Secondary
Treatment with Sludge Thi ckeni ng)

Woburn WPCF 31 I~ D $20,177,000
Medford 30 “ 19,525, 000
Watertown li.5 ~ 29,218,000
Dedham 141 “ 26,809,000
Canton 30 “ 19,525,000• Ipswich 2. 14 “ 2 ,600,000
Hamilton 1.14 “ 2,200,000
Middleton 2. 14 “ 2 ,600,000

Subtotal $122 ,651i ,OoO
2. Sludge Conveyance and Disposal System

Transmission Force Mains $ 14 ,592 ,1400
• Sludge Pumping Stations 1,8144,600

Vacuum Filters, Chem. Conditioning 5,650,000
Incineration & Heat Recovery System

Ash Lagoon 14,7314,000

Subtotal $ 16,821,000
3. WPCF’ s not Utilizing Land Application (Ref : M&E)

Deer Island WPCF 285 M D  $194,000,000
~ i Nut Island 100 ~‘ 1146,000,000

Lynn 214 33,000,000
• Chelmsford 2.1 “ 3,700,000

Scituate 5.5 “ 5,600,000
Cohasset 2.0 “ 14 ,600,000
SESD 47 U 26,100,000
!~~rshf ield 3.0 “ 5,900,000
Billerica 6. 11 “ 10,900,000

• Swampscott 3.2 “ 1,800,000
Manchester 1.6 “ 2 ,100,000
Hudson 3.9 “ 7,000,000
Milford 3.7 ~‘ 14,500,000
Rockland 1.7 “ 3,1400,000

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

Iock
ort 1 4 , ,



~1?

- 

TABLE 22 (Cont.)

SUMMARY OF CAPITAL COSTS FOR CONCEPT 5

Gloucester 5.8 M~D $ 12,800,000
Essex 0.14 “ 1,300,000
Hull 1.0 “ 2,900,000

~~dfield 14.0 “ 10,800,000
~~dwa~y 8.0 “ 16,100,000
Concord 8.3 “ 16,500,000

• Sudbury 5.9 “ 13,300,000
1.~rlboro (w ) 9.3 “ 14,200,000
Marlboro (E) 14.8 “ 0

Subtotal $539,300,000

TOTAL COST OF WASTE TI EAT}~~ T FACILIT~~S

Effluent Conveyance System

1. M 1e Tunnel, 10 ft .  Dia.,
100,000 ft., with Tunnel
Lining and including 5
Drop Shafts ~ 88,898,000

2. Tunnel Lift Station,
250-IvtD Capacity 5,070,000

3. Transmission Pumping
Station, 350 I{D Capacity,
including Equalization Storage 16,000,000

11. Pumping Stations at Ipswich,
Hamilton and Middleton 390,000

14. Transmission Force wins:

From-To Size Length, ft.

Canton-Pt . A 90” 116,000 ~149,22O,OO0
Pt. A—Freetown St. 514” 58,000 15,820,000

• Pt. A-Pt. B 90” 85,000 36,070,000
• Pt. B-Plymouth St. 148” 16,000 3,880,000

Pt. B-Pt . c 90” 42 ,000 17,820,000
• Pt . C—Bourne St. 78” 37,000 111,000,000

• Hamilton-Boxford
(North ) 12 ” 35,000 1,1214,000
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TABLE 22 (Cont.)

SUMMARY OF CAPITAL COSTS FOR CONCEPT 5

• From-To Size Length, ft.
• Ipswich-Ipswich,

R.I. 12” 26,000 $ 6711,000
• • Middleto n-Boxford

• ( South ) 12” 12,000 386,000

Subtotal $138,994,000

TOTAL COST OF EPFLUENT CONVEYANCE SYST~ 4 $249,352,000

TOTAL COST AlL OTJ~ R PU?~fl~fl~ STATIONS AND PIPING
(Ref : M&E) ~2214,1420,000

land Application Facilities

1. land Costs
• Freetown : 7,130 Ac @ $1,000/Ac $ 7,130,000

Carver : 8,086 Ac @ $1,000/Ac 8,086,000
Bourne : 3,475 Ac @ $2,000/Ac 6,950,000
Ipswich: 60 Ac @ $2,000/Ac 120,000
Hamilton: 147 Ac @ $2 ,000/Ac 911,000
Middleton: 814 Ac @ $2 ,000/Ac 168,000

$22,548,000
• Contingencies ~ 25% 5,637,000

• Subtotal $ 28,185,000

2. 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 ~~~,h0O,000

Subtotal $ 36,050,000

3. Rapid Infiltration Facilities includi ng Storage lagoons , Piping
• and Valves , 1~,nitori ng Wells , and Site Preparation

Freetown: 210 Ac @ $12,200/Ac ~ 2 ,562 ,000
Bourne : 3,475 Ac A $12,200/Ac 142 ,395 ,000

• ! Ipswich: 114 Ac @ $12,200/Ac 537,000
Hamilton: 214 Ac @ $12,200/Ac 295,000
Mtddleton: 114 Ac ~ ~l2,200/Ac 537,000

Subtotal ~ 146,324,000
:CTAL COST OF lAND APPLICATION FACILITfl~S $ 110,559,000
TOTAL CAPITAL COSTS FOR CONCEPT 5 $1,263,1~~,ooo

Li;., j  
-
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i. 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-
cover~’, and ash disposal.

The basic conztr~ction costs for each V~TCF were obtained b~-
using the cost curve plots shown in Fi gures 15, 16, and 17. Sludge
production was estimated at 1.0 tons of dry wei ght solids per million
gallons of pla~it flow. No allowance for breatment plant land costs

• was incl~ded in the cost estimate.

Waste treatment facilities costs for plant s not included in
the land application scheme are presented as a separate item in Table
23. See Volume 14 for the develop~tent of these costs. The costs
for these faci1~ties 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—EI~~A.

As shown in Table 22, capital costs for the waste treatment
facilities utilizing land application total ~l22 ,0514,OOO whereas costs
for the regional water pollution control facilities not utilizing the
land application scheme are estimated to be ~539,300,0OO.

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 ~onstitutes

about 57 percent of the total capital costs for Concept 5.
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2. Effluent Conveyance System Costs

The effluent conveyance system includes the mole tunnel systea,
the tunne l life station , equalizin g lagoons , a high pressure tran smis-
sion pumping station , and force mains . As shown in Figure 10, the entire
effluent conveyance system extends frc*n the regional wastewater treat-
ment facility in Woburn to the rapi d infiltration site located south of
the cape Cod canal in the town of Bourne • The total length of the con-
veyanc e system is about 380,000 feet or 72 miles.

Cost curves associated with the conveyance system are shown in
4 Figures 18 and 19. Costs for equalizi ng lagoons were special],y devel-

oped . The cost of the mole tunnel conveyance system was developed by
use of the COSTUN Computer Progra m. This cost includes allowances for
5 shafts , lining for tunnel and shafts , and for earthquak.e proof con-
stru ction . The total cost for the mole tunnel is estimated to be

• $88,898,000.

Pumping statio n costs for both the tunnel lift station and the
high pressure tran smission station were obta ir ed by using Figure 18.
However, because the pump heads exceeded 100 feet at both station s ,
adjustments in the construction costs were made by applying the formula:

C = 1 + 0.25 (H-100) x Construction Cost Value taken from
-100 Cur ve

Where , C = Construction Cost
H = Pump Haad in Feet

The tunne l lift station is estimated to cost $5, 070,000 and
the tra nsmission pump station with equalizing storage lagoons is esti-
mated to be $16,000,000.

The transmissi on force mains which conduct the effluent to
storage facilities at the land application sites , range in size from
148 inche s to 90 inche s in diameter. Dual force mains are to be provided
in orde r to increase system re liability. As shown in Figure 11, each
force main leading from the tran smission p~ up station is 90 inches in
diameter and about 116,000 feet in length. This force main will be a,
reinforced concrete pipe laid in along the principal routes , Nos. 27 aM
211 , leading to Cape Cod. The cost of these force mains is $149,220,000.

At the junction designated as Point “A” , a force main having a
diameter of 54 inches branches off to conduct flow to the storage ].a-
goons at the Freetow’n-Fftl l River land application sites • The remai ng • -

portion of the flow is conveyed in an 90-inch diameter pipe some 85,000
• feet further to the junction designated as Point “B ” where a 148—inch

line branches off to stora ge lagoons in the Carver-P lymouth region. The
total cost of these force mains is $55,770 ,000.

io4
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From Point “B” to Point “C”, a distance of 142,000 feet, the
flow can enter storage lagoons at the ra pid infi lt ration sites located
in Bourne on the north side of the Cape Cod Canal. The remai ning flow
is to be carried across the canal in 78—inch di~~~ter pipes. This
crossing may be made by supporting the force mains on the understr~cture
of the bridge or it may be done by constructi ng a siphon under the canal.
The cost of these force mains is estimated to be $31,820,000 which
includes an allowance of $500,000 over and above the cost of the pipe,
in providing for the canal crossing.

As shown in Table 22 , the total cost for all pressure force
mains exceeds $138,994,000 and the total cost for the entire effluent
conveyance system is $249,352,000.

3. land Application Facilities Costs

Land application facilities will be located in three major
areas : (1) Freetown-Fa ll River area , (2) Carv er-P1~imouth area , and
(~~~~) 

Bourne -Sandwich area. Typical facilities at each site inc lude
storage lagoons having sufficient capacity to hold lii days of the aver-
age design flow- rate , a pumping station , distribution piping, valves,
and spraying devices • Land. application will be done by spray irr igation
in the su~~~r and rapi d infi ltration in the winter at the sites indi-
cated in Figure 11. Real estate costs for the application sites are
estimated to be $28,185,000. The land costs were determined by utiliz-
ing unit acre costs developed from recent sales of comparable lands • The
land costs also inc lude an anticipated cost escalation factor of 25
percen t.

Total costs for spr ay irrigation and rapid infiltration facili-
ties are estimated to be $36 ,050 ,000 and $116,324,000, respectively.
Unit costs for the develo~~~nt of spray irrigation and rapid infiltra-
tion sites were obtained by designi ng modular facilities for piping,
stor age lagoons , etc. The costs obtai ned fran these studies showed that
development costs were $2 ,400 per acre for spray irrig ation sites and
$12,200 per acre for rapid infi ltration sites .

C. Operation & 1~ int enance Costs

A su~~ary of annual operation and maintenance costs for Concept
5 is presented in Table 23. Operation and maintenance costs are divided
into 3 main groups: (i) 0 & M cost s for waste treat ment facilities ,

- • (2) 0 & M costs for the effluent conveyance system, arid (3 )  0 & M cost s
for the land application facilities. The tot al annual operation and

- 
• maintenance costs for Concept 5 are estimated to be $1~2 ,011O,000.

In general , operation and maint enance costs consist of labor
costs, and material and. supply costs. While operation and maintenance
costs can be related to the sa~~ design parameters that were used for
determi ning construction costs , other para meters are often more appropriate .

• c
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TABLE 23

SUMMARY OF ANNUAL OPERATION & M~E~TENANCE COSTS

FOR CONCEPT 5

Waste Treatment Facil ities

1. WPCF ’ Utilizing land Application of ~~fluent

- Woburn $ 980,000
!~dford 963,000
Watertown 1,31411,000
Dedham 1,21414,000
Canton 963,000
Hamilton 123,000
Ipswich 210,000
Middleton 210,000

Subtotal $6,037,000

2. WPCF ’S Not Utilizing Land Application (Ref: 35)

Deer Island &
Nut Island $14,000,000

I4ynn 2,0011,000
Che].insford 277,000
Scituate - 525,000

• Cohasset 2714,000
SESD 3,572,000

~~rsbfie1d 365,000
Billerica 1,188,000

r j  Swampscott 365,000
)~ nchester 219,000
Ikidson 855,000
Mtlford 817,000
lbck.land 11146,000
Roclcport 182,000
Gloucester 765,000
Essex 109,000

1146,000
~~dfie1d 855,000

• t~dwuy 1,3711,000
Concord 1,14119,000
?~r1borough (East) 965,000
Su~~ury 1,129,000
?‘~ r1borough (West ) 1.1485.000

Subtotal $33,366,000

——  
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TABLE 23 (Cont.)

StTh~4A.RY OF ANNUAL OPERATION & MAINTENANCE COSTS

FOR CONCEPT 5

3. Sludge conveyance & Disposal System
Sludge Pumping , Corweyance Force ?~ .ins ,
Vacuum Filtration, Chemical Conditioning,
Incineration, Ash Disposal $ 168 ,000

TOTAL 0 & M COSTS FOR WASTE TREAT~~NT FACILITYS $39,571,000

Effluent Conveyance System

1. ~vb1e Tunnels $ 89,000

2. Pumping Stations &
Force r~ ins 1,556,000

• TOTAL 0 & M COSTS FOR CONVEYANCE
SYSTEM $1,645 ,000

Land Application Facilities

1. Spray Irrigation $ 697,000

2. Rapid Infiltration 127,000

TOTAL 0 & M COSTS FOR LAND APPLICATION $ 824,000

TOTAL ANNUAL OPERATION & MA]MENANCE $142,040,000
— COSTS FOR CONCEPT 5

- ,
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Labor costs indicate the tot al per sonnel requirement to adequately
operate and maintain facilities • ).~terial and supply coats include
power , fuel, and chemicals.

A distinction between availab].e man-power time and effective
working time was not made in determining 0 & M costs , nor was a’w

f. - allowance included in material and supply coats for contract mainte-
nance work.

1, Waste Treatment Faci lities 0 & M Costs

1.~npower requirements and coats for waste treat ment facilities
associate d with the major land application scheme are shown in Table
214. These total $2 ,6b0,000.

Table 25 shows annual power requirements and cost s for the
major waste trea tment facilities and Table 26 shows materials, chemi-
cals , and other costs associated with these treatmen t plant op!ra,tions.
These costs total $1,077,000 and $1,757,000, respectively. Ta31e 27
sw”n~~izes all 0 & M cost s for Waste Treatmen t Facilities associated
with land application.

2, ~~‘fluent Conveyance System 0 & N Costs

An allowance for effluent conveyance system 0 & M coat s was
taken as 0.1 percent of the capital costs. These costs total $1,645,000
and include the costs for the conveyance system from the Hamilton ,
Ipawich and MLddleton Plants.

-
• 3. land Application Fac ilities 0 & M Costs

An allowance for land application facilities 0 & M costs was
taken as 1 perce nt of the capital coat of these facilit ies. These
costs total $824,000.

ii. Sludge Conveyance and Disposal System 0 & M Costs

An allowance for sludge conveyance and disposal system 0 & N
cost s was taken as 1 percent of capital costs . These cost a total
$i68,000.
D. Capitalized Tre atment Expense

In order to obt ain comparative trea~~~nt coat value s for Con-
cept 5, a cost analysis of each regional waste trea~~~nt plant was me.de
to determ i ne its annual treat ment expense. For this porpose the follow—

• ing factors were employed :

Annaul interes t rate 5 5/8%
Waste treatmen t plant life 25 year s
Life of Pumping Stations &

Pipelines, etc . 50 years

110
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TABLE 25

P(MER REQUIR~}~2lTS & COSTS FOR
WASTEWATER TRE1tTMF2~T FACILITIES

Design Annual Annual Coat
Plant Flow , Flow , Required Coat Per
Location (~~D) Lw,) (H.P.*) ($i000’a) (Ma)

Woburn 31 11,315 963 $ 189 $16.70

Medfo rd 30 10,950 932 $ 182 $16.62

Watertown 145 16,1425 1,398 $ 2714 $16.68

Canton 30 10,950 932 $ 182 $16.62

Dedham 41 114,965 1,275 $ 250 $16.7].

TOTALS 177 64,605 5,500 $1,077 $16.67

*Ref . (35 )

- t
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TABLE 27

SUI44ARY OF 0 & M COSTS FOR WASTE TREATMENT FACILITIES

ANNUAL COSTS*

Plant Chemicals
Location Power & Supplies Labor Total

I

Woburn 189 311 1i~8O 980

Medford 182 301 li.SO 963

Watertown 2714 4140 630 1,344

Canton 182 301 1480 963

Dedha m 250 4014 590 1,21414

Hamil ton 23 38 62 123

Ipav ich It O 65 105 210

Midd leton 40 65 105 210

TOTALS 1,180 1,925 2 ,932 6,037

*Ann ua]. Costs given in thousands of dollars

I-
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Utilizing these factors the proposed regional treatment plants at
Woburn, ~~dford, Watertown, Dedham and Canton each had capitalized
treatment costs of 220/1000 gallons .

- 

- When the total capitalized expense for the land application portion
of Concept 5 was determined it was found to be 570/1000 gallons. This
cost does not reflect any financial return or gain from waste heat re-
covery, sale of crops, or benefit from renovated water. The total

• capitalized expense for Concept 5 is 420/1000 gallons.

E. Reuse Considerations

The reclaimed water from a land application system has excellent
potential for a number of purposes. Depending upon the mode of appli-
cation employed, relatively high removals of pollutants can be attained
provided that optimum conditions are maintained. Table 28 shows the
principal pollutant characteristics of a typical secondary treatment plant
effluent and the removal percentages that would be obtained from the
spra y irrigation and ra pid infiltration modes of’ land application. These
removals would transform the qual ity of the secondar y effluent to nearly
meet selected dri nki ng-irri gation wate r standards

Perhap s the principal obstacle to the direct reus e of reclaimed
water fro m land application is the persistent belief in the mind of the
public that such waters pose a hazard to public health because of the
possibility of disease transmission. It will be necessary for eminent
authorities in the medical field to face the public and explain that
uncontrolled reuse has been occurring for some time now in practically
all of our surface water supplies before a majority of the public will
accept reuse indirectly if not directly . It is interesting to note that
attitudes surveys of 100 randomly-selected residents in each of ten Southern

• california communities revealed consumer acceptance of rec1~-~’~ d waste-
- 

- water for non-body contact uses and somewhat rejecting attitudes for
direct human consumption uses. The strongest public objection to waste-
water reuse was found to be psychological repugnance (118).

Aside from direct use as a potable water supply , reclaimed water
from land application systems has a number of uses including water-
contact recreation. Some coimnunities are known to be planning to use the
reclaimed water from a land application system to maintain a recreational
lake for boating and swiiimiing .

In the past , filtered effluents from activated sludge treatment
plants have been found to be very useful in a number of industries such
as: (1) primary metals (quenching, hot and cold rolli ng, and some rinse
waters); (2) petroleum (cooling water); (3) lumber (cooling water);
(4) paper (mechanical pulping); and (5) leather ( tanning). Reclaimed

- 1- land application effluent would be equally suitable, if not more so, for
such industrial uses.

115
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TABLE 28

R~2.VVAIS OF CONSTITUENTS FROM SECONDARY

~~PI13ENT USfl~ LAND TREATMENT METHODS

d i
- 

Effluent % Removal
mgJl_ S.I . R. I.

BOD 30 98+ 90-95

- COD 70 95+ 90+

-
, 

N 20 85+ 75-80

:tals
- Suspended Solids 30 99 99
I Pethogens - 99 99

I

-
-
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~~ Of course , the benefits to be obtained in using reclaimed ]and

. 1 applIcation waters must be weighed against the cost of installing a.
drainage or collection system. In some eases it may be necessary to
I nstall an underdrain system if the upper soil formations are to remain
aerobic. The aerobic conditions are necessary , together with crop
production and harvesting , in order for high remova ls of nitrogen and
phosphorus to take place .

Reclaimed water may be stored in an open lagoon to be used for
-
- recreational purposes whi le it awaits use by Indust ry. The lagoon will

serve to “polish ” the water during storage . Of course , such rec laimed
water would make an excellent resource for watering vegetation , gardens ,
park s , etc., and thereby allow the water needed for potable purposes to
be conserved.

i: 
-
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VI . FUTURE R~~UIREMENTS

Table 29 shows the average wastewater flow rates which are cx-
pected to occur at the respective regi onal water pollution contro l
facilit ies during the year s 2000 , 2020 , and 2050. The tota l average
flows which would have to be accomodated by the land application system
range from 183 ?.!D in the year 2000, to 235 M D  in the year 2050.
Thi s represents an increase of only 29 percent over a 50-year peri od .

Since the projected increase in flows is relatively low, there
does not appear to be any need to consider purchasi ng additional real
estate to complement the land application system ’s capacity.

Any additional increases in the flow rat e can be taken care of
easily by simply making a slight adjustment in the amount of water
to be applied on the land dai ly. Such flow adjustments would have no
significant effect on overall system performance .

The antici pated increased flows would also have little effect on
the per formance of the regional waste treatment facilities and convey-
ance systems since the initially designe d facilities would be able to
accomodate moderate increases in waste flows without difficulty .

118 
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— 
SU!44ABY OF WASTEWATER FLOWS

- Regional Avg . Flow, M~D
V WPCF 2000 2020 2050

Canton 30 39 113

Dedham 4]. 53 59

Medford 30 314 32

Watertown 115 51 51

-; 
- 

Woburn 31 36 34

Hami lton 1.4 6.5 5.3

Ipswich 2.4 3.6 14.6

Mi~ddleton 2.14 4.3 6.1

Totals 183.2 227 .14 235.0

4 -  
-

~~~~~

~~~~~~~~~~~ 

119 

-



—~~~--~~~~~~~~~~~~-- _ _ _ _ _ _ _

I

VII. CONCLUSIONS AND RECOI’~1€NDATI0NS

A. Conclusions

This study has shown that land application treatment of
- - wastewate r is a viable alternative for meeting the req ui.rement~; of the

Water Pollution Contro l Act Amendments of 1972. While the amount
of real estate that is sui table for land application purposes Is
limited , sufficient land is avai lable to serve the needs of the Boston
Harbor-Eastern Massachuse tts ~~tropo1itan Area insofar as treat ment of’
flows from designated areas is concerned .

Perhaps the most important facet of the land appl ication
system pre sented in Concept 5 is the total elimination of pollutant
discharges to the ocean or to other receiving bodies of water. This
means that adherence to the design features of Co!r ept 5 would virtually
transform existing rivers and streams int o sparkli ng recre ational
waters , suitable for safe water contact recreation , and perhaps, use
as potable water supplies.

The interlocki ng of the five regional waste pollution control
facilities at Woburn , Medford, Watertown, Dedham and Canton , uni quely
ctfers low developuent and treatment costs for sludge disposal as well
as for land application treatment. By consolidati ng sludge dewatering
and incineration in one location, economy is gained in operation and
administration. Also , the greater installation size for sludge dis-
posal enables employment of auto mation and computer control of sensi-
tive unit processes. The use of a central incinerator facility for
ulti mat e sludge disposal offers an opportunity to reduce the vast bulk
of sludge that would have to be disposed of to a smaller , more compact
and innocuous residue , whi le simultaneously extracti ng heat energy for
power production. Thus , land costs for burial of sludge are reduced
and a means is provided to conserve valuable fossil fuel supplies.

- - The re clamation of land applied waste-waters offers the
opportunity of obtaining a low cost water that is highly suitable for
a number of industrial and cultural uses. Thus, valuable water re-
sources are conserved by saving potable water supplies for more impor—• tant purposes .

The above described bene fits and advantages would appear to
make Concept 5 the first choice as the wastewater management scheme to
serve the Boston Harbor-Eastern Massachusetts ~~tropolItan Arm. .
Unfortunately , this may not be true or possible because of preconceived
notions and prejudice among the general public. Some co~miunities will
stoutly oppose the concept because they judge as demeaning the idea
of sending one conmiunity ’ a wastes into another comnunity for treatment
and disposal. The mere thought that such wastes whould come from the
metropolitan Boston area and be sent to some outer community which
prides itself on its independence from a metropolitan problem is a
source of irritation to many residents outside of Boston.
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B. Rec~~~endat ions

Because of possible strong resistance by the public to the
scheme presented in Concept 5, and also because of the need to answer
and clari fy son~e questions as to operational feasibility of a land
application system, the following reconmendations are proposed ;

i) Prior to offering Concept 5 for public scrutiny and serious
consideration, it is advised that one or two areas be selected for
land application demonstration projects. The performance data from
these projects would provide suitable documentary evidence to support
the validity of Concept 5 when questioned by those opposed to it.

2) The demonstration project should be suitably large in
size, so that the reclaimed water can be used to maintain a recreaticnal
pond, or applied culturally and thereby enable the project ’s effects
to be demonstrated visually.

3) Every effort should be made to grow crops of remunerative
value. Nothing will do more to encourage ainibitions venture in a
project of this nature than the firmly established conviction that
financial gain is an excellent prospect.

£ 
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I. INTRODUCTION

Any planning of the feasibility and applicability of the treatment
of waste -water by the alternat ive of land application requires that the
geology and soils of the area under consideration be investigated

r • thorou ghly. When wastewater is applied to the land surface by any of
• the three modes which have historically proven feasible , i.e. spray

irrigation , rapid infiltration , or overland flow, it infiltrates through
the surface to one degree or another and becomes part of the complex
hydro,~eological system of soil, rock and water which underlies the sur-face. Knowledge of the effect of the added wastewater on thi s system
and the manner in which the system assimilates the renovated water is
necessary and vital to the planning and design of wastewater treatment
system by land application methods.

When the make-up and complexities of the hydrogeological system in
a certai n area are known , it is then possible to make more valid pre-
dictions and assessments of the potential and capacility of that area
to receive and adequately trea t wastewater.

The effectiveness of the soil and underlying unconsolidated sediments
and bed rock in ;reat ing the applied wastewater is of paramount impor-
tance . Geologi c and bydrogeolog i c data regarding litho logy , sedime ntary
properties such as porosity, permeability and sorting, thickness of the
strata and depth to water table and thickness of the saturated zone all
pertain to the evaluation of the renovative and treatment capabilities
of a given area. It is also important to know what happens to the
water once it infiltrates the soil surface. questions regarding load-
ing rates of effluent , lengt h and direction of sub-surface migration of
the applied water and the effect of the increased load on groundwater
table levels (moundin g ) are all very important and must be considered
in the total wastewater management planning study.

I nvestig ations of the geology and soils of the Commonwealth of
Ma ssachusetts were underta ken to prcv ide a broad base of informatio n
whi ch could help prov ide answers to the above-mentioned questions within
t he scope of the planni ng effort . The investigations varied in detai l
from one part of the Commonwealth to another. The investigative results
for the Merri mack Rive r Basin are reported in Appendix I-A tt Geol9~~c-
Hyd rogeologic Investigations ” to Merrimack Waste water Management”11.

This appe ndix contains specifi c information on the bedrock and
su rf icial c~eology and groundwater favorability of eastern Massachusetts
exclu siv-e of the Merrimack Ri ver Basin and generalized information on
the western part of Massachusetts .

The geology of the Cormio nwea l~.h is provided in the form of both
• map s and a narrat i ve text . This i nforma tion was used in the planning

• study to help select t racts of land whi ch have potential for waste-
• water application. Close study of the geologic maps can also reveal

Al
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• areas -which lack the type or sufficient thickness of subsurface material
required for land application of wastewater effluent . These areas can
then be immediate ly removed from further consideration. When examina-

• tion of the maps and other geological information shows a certain area
to have potential, it can be flagged as a possibility and set aside for
further review and consideration.

The uses of the bedrock and sur ficial maps and their application to
the study are apparent and are discussed further in the main body of
thi s volume. The reasons for and applicability of groundwater irifor-
mation to the study, however, warrants further attention and is dis-

• • cussed at length below. Detailed groundwater information for a given
area is difficult and time consuming to acquire. Thus, an in depth
groundwater study of the Commonwealth of Massachusetts is beyond the
scope of this study. A generalized description of the availability
of groundwater complete with maps arid texts is, however, included in
this report and in a manner similar to the bedrock and surficia l sections
and provides useful background information.

Relationship of Groundwater to Land Application of Effluent

The occurrence and distribution of groundwater bears a direct
relationship to the alternative of waste -water treatment by land appli-
cation. This relationship hinges upon the three factors of depth to
water table, seasonal variation in groundwater levels and the physical
properties of the soils and rock material through which the ground-
water flows.

Depth to Water Tible

Effluent may be adequately treated only if it can percolate through
a suff icient thickness of the proper type of unsaturated soil and uncon-
so’idated sediment. Estimates of the necessary thickness depend on the
mode of’ application and range from a minimum of 3 feet of loa~~r soil
for spray irrigation to several tens of feet of free draining sandy
material for rapid infiltration basins. If the water table in a given
area Is too high, effluent which infiltrates below the surface will not

- 4 be properly treated when it enters the groundwater reservoir and exten-
sive pollution of the groundwater may occur. Depth to water table
v-aries with topography and type of sedimentary material. No application

• of effluent should be accomplished without a thorough investigation of

• the water table depth at and adjacent to the area being evaluated for
potential use.

Seasonal Variation in Groundwater Levels

Groundwater l evels fluctuate due mainly to the climate factors of
precipitation and evapotranspiration. Substantial withdrawals due to
pumping can also significantly change water table levels. Groundwater
levels follow a general annual cycle upon which is superimposed the more

*2
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iim~~diate effect of high intensity rainfall and rapid snowmelt . The
annual cycle was discussed in the main body of this volume. Planni ng
for application loads of effluent must take into consideration this
seasonal variation. Simply stated, the amount of moisture stored in the
soil and the depth to the water table will be significantly lower in
September than in May. A program of effluent application based only
upon September levels will run into serious difficulties of implementa-

• tion during other times of the ~ear.

Type of Subsurface Material

• Investigation of the lithology and physical properties of the soils
• and rock material underlying a given locality is important when con-

sideririg land application of effluent. Especially significant is the
permeability (hydraulic conductivity) of the material. Rates of per-
meability will influence planning as to kind and rates of application.
Regardless of what application mode is used , the rate of initial
effluent infiltration increases with permeability. Reliable estimates
of permeability of the various layers of soil in the area under con-
sideration will help in estimates of loading rates.

Recognition of the soil type and its hydrologic properties is also
essential in planni ng for drai nage systems and programs of groundwater
management and control. Median grain size, sorting and perm eability
of the sediments must be measured and the depth to water table must be
determined before a reliable under drainage system can be designed.

• U
• L

A3

1: •
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II. 1~EDROCK GEOLOGY OF EASTERN MASSACHUSETTS

A. Source Material and Mapping Procedure

The available literature concerni ng the bedrock of eastern Ma ssa-
chusetts dates back to the earl y nineteent h century . However , the more
extensive and exacting mapping of the Massachusetts bedrock really
began in the early twentieth century with the publication in 1917 of
The Geology of Massachusetts aric Thode Island by B. K. Emerson(2)~
This monumental effort was of such quality that many of the more recent
mapping efforts show litt le variam-e from those units mapped by Emerson.
For this reason the map which accompanied Emerson’s report was used as

• the primary source of data for this report’s set of bedrock geology
maps. In areas where more recent and more detailed mapping has been

• conducted the most recently published data were incorporated into this
report.

Specifically , within the limits of this study area there have been
two United States Geological Survey Quadrangle Report s completed . ~he

• first, The Brockton Quadrangle, GQ-5, was compiled by N. E. Chute(3)
• in 1950 and the pçcond was the Blue Hills Quadrangle, GQ-796 , compiled

by N. E. Chute (LU
, in 1969. Two preliminary bedrock geology maps for

the Natick and the Holliston Quadrangles are presently on Oper File
Report at the United States Geological Survey (U.S.G.S.) (5, 6)~ These
were done by A . E. Nelson and R. P. Voiclonan respectively.

The most recent revisions to the mapping of the bedrock geology
for the remainder oçt~e stuqy area are found in the literature of fourU .S.G. S .  Bulleti ns ~- (, ~~~~~ and one U.S.G.S. Pro fessional Paper (11).
These references are “The Geology of the Igneous Rocks of Essex County”,
U.S.G .S. Bulletin 701t by C. H. Clapp in 1921 , “Geology of the Boston Area ” ,

• U.S.G.S. Bul1et~in 839 by Laurence LaForge in 1932; 
“Bedrock Geology of

the Salem Quadrangle”, U.S.G~.S. Bulletin 1163-A by P. Toulmin in i96~-~;“Geology of the Norwood Quadrangle” , U.S.G.S. Bulletin 1163-B by N. E.
Chute in 1966; and “Seismic Investigations on Cape Cod , Martha ’s Vine-
yard , and Nant ucket , Massachusetts , and a Topographic Map of the Base-
ment Surface From Cape Cod Bay to the Islands”, U.S.G.S. Professional
Paper 650-B by R. N. Oldale in 1969.

• The information on the maps contained in these publications was
redrawn at the 1 to 125,000 scale of our base map, which was a combin-
atiori of the town and county boundaries of a map produced by the Massa-
chusetts Department of Community Affairs and the coast lines taken from
an enlargement of the U.S.G.S. 1 to 250,000 scale Boston and Providence —

Topographic maps. Due to the rescaling of the various sized geologic
maps and the use of a combination of two maps to make up the base map
the acLual bedrock contacts could he slightly off in some areas.
However , since the majority of these contacts are covered by surficial
deposit

~
s, thei r specific l ocations are often speculative and any

variance in contact becomes mosLly academic.
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The bedrock beneath the area southeast of a line roughly parallel
to, and approximately 15 miles northwest of, the Cape Cod Canal includ-

• ing the Cape itself, Martha ’ s Vi neyard , Nantucket and the smaller island s
of Nantucket Sound is overlain by such thick surficial deposits that
few wells have encountered bedrock. For this reason little is known
about the nature of the underlying rock. Where wells have penetrated
the overlying cover and have reached bedrock they have been plotted in
Figure A6 and the dept h to bedrock (in feet below sea level) has been
recorded. Interpretation of the cuttings has been recorded on the map
for those wells for which there was available data. Otherwise, this
area which appears on Figures A6, A7, and A8 has been shown with contour
lines indicating depth to bedrock in feet below sea level. These
contours were largely taken from ~he~seisinic study of Cape Cod and the
Islands published by R. N. Oldale ~1 in 1969. They have , however,
been redrawn where shown to be inaccurate near the presently existing
well sites.

B. Bedrock Units in Eastern Massachusetts

IGNEOUS ROCKS

ANDOVER GRANITE

The Andove r Granite is found throughout the northern portion of the
Town of North Andover and also in the southwestern portion of the
Town of Middleton . Clapp (7, p. 28) states that :

“The normal Andover Granite is typically a fairly
coarse grai ned rock consisting of feldspar and
abundant quartz...with biotite and muscovite as

• the chief mafic constituents.”

Le.Forge (8, p. 1-i4 ) further declar es:

“It is intrusive into the Carboni ferous strat a of
the Merrimack Basin but has been deformed with them.
It is therefore regarded as of Late Carboni ferous
age...The rock is also generally foliated and in

• many places is rather strongly gneissic.”

AYER GRANITE

The Ayer Granite forms a belt with a north-south orientation run-
ning from the Connecticut border north through the Towns of Webster ,
Oxford and Auburn.

• 
• The Ayer Granite also outcrops in the Town of Worcester where it has

been extensively quarried . ~nerson (2, p. 22k) states:

J
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“The Ayer Granite , like the Andover Granite , is
• intrusive into or against all the surrounding

rocks and ls...t he youngest rock in the region
where it occurs. All the r-3cks have been greatly
defox~~ d since the intrusio n of’ the granite , which
has been great ly crushed and shear ed In some places”
“...The rock is typically a biotite - muscovite
granite of moderately coarse grain. In many places
it is coarsel y porp hyritic, conta ining feldspar
phenocrysts... ”

* BEVERI Y SYENITE
- • 

Emerson and Clapp agree that the Beverly Syenite is early Carbon-
iferous In age and , as ~~erson state s (2 , p. 197 )

“...(is) a series of syenitic rocks, rich in sodium
and olivine, which cut the granite and are thought
to be afterarrivals of the s~~ magma (as the Quincy
Granite.)”

Tou]~nin (9) describes the Beverly Syenite as a “fine to very
coarse grained , white to gray to buff syenite.”

The Beverly Syenite outcrops at Salem and Marblehead Necks and
along the Bever ly and Manchester coasts as well as inland in the Towns
of Wenl , Hamilton , Essex and Ipswich.

$ BLUE HILL GRANITE PORP }f’IRY

The Blue Hill Granite porphyry is named for its type locality in
the Blue Hills of Milton, Quincy and Canton. ~~~rson dated this forma-
tion as being of early Carboniferous in age, however, more recently (4)
Chute advances the possibility of the Blue Hills Granit e Ibrphyry being
Devonian in age.

E~ erson (2 , p. 192) described the forma tion as follows :

“The most abundant and widely distributed type of
the porphyry is holocrysta lline and granophyric and
ranges In texture from a rock resembling rather fine

— - grained , slightly porphyritic gr ani te...to a dense ,
- - almost aphanophyr ic rock with phenocrysta of quart s

and alkal.ic feldspars . ”

DEDHA14 GRANODIORI TE

“The Dedham Grano diorite occupies a greater area in eastern
Massachusetts than any othe r formation... ” (8)

Al~4
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This is evident by the areas covered by this formation on the
accompanying bedrock maps. (Figures P.2 - A8).

Emerson ’s (2, p. 176 ) descri ption of this formation reads as
follows:

- - 
“The most abundant and typical variety is a rather
coarse biotitic granodiorite, composed essentially
of microcline, plagioclase (generally andesine),
quartz, and chlorite , and conunonly more or less
epidote and kaolin.”

The Dedham formation has been dated as pre-Carboniferous by Chute
• (10) pre-Devonian by Nelson (5) ,  Devonian by Emerson (2) and Clapp (7)

and earl y Paleozoic by LaForge (8) .

C.. te (10) adds that it is a massive, medium to coarse grained,
light pinki sh grey (roc k ) which is high in quartz arid low in ferro-
magnesium minerals.

FITCHBUE~3 GRANI TE

Within the present study area the Fitchbur g Grani te outcro ps only
within the township of Worcester.

E~nerson (2 , P . 232 ) dates thi s formation as being eithe r late or
post Carbonif’erOuS and describes it as follows :

“a fresh light-colored medium- gra i ned muscovite-
biotite -micrOClifle granite . ”

MILFORD GRANITE

The Milford Granite underlies a lar ge area near the junction of
Nor folk , Middlesex and Worces ter Counties and a smaller area to the
west in the township of Grafton . Thi s rock Is extensively quarried
for buildi ng stone .

Emerson (2 , P . 165 ) describes its age and character as follows :

“... it is apparently of the same age as the Dedham
Granodiorite and it is therefore regarded as probably
Devonian.

The commonest type of’ the granite is a pink , coerse-.graI ried rock
containi ng fairl y abundant bioti te in distinct black spots made up of
minute scales . The quartz is in rounded b lue grai ns and the feldspar - :
in partly distinct crystals iriclosed in a granulated quartz-feldspar
groundinass.”

A15
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NEWBURY-MATTAPAN- LYNN VOLCANICS

Due to the many similarities In the litho lo~~r , mode of origin and
age of the Newbury , Mattapan and Lynn Volcani c Complexes in the Eastern
Massachusetts area and the preva iling uncert ai nty concerni ng boundaries
between these units , they have been grouped together as one formation
for the purposes of this report .

Generall y , the nort hern members of the complex underlying the
lower Parker River basin to the north of the study area have been
mapped by Emerson as the Newbury Volcanics. Clapp (7, p. 30) combined
these with the members underlying lower Essex County and named them the
Lynn Volcanics. In 1932 LaForge (8 , p.35) indicates that the Lynn
volcanics are probably the same as the more southerly liattapan Complex.

These formations are thought to be Devonian or Early Carboniferous
in age and are described by LaForge (8, p. 34) as follows:

“Thick beds of volcanic ash and of coarse tuff, mud
flows, and water laid sediments composed of reworked
tuff with some extraneous pebbles...
The sedimentary rocks of the complex are chiefly tuffs,
tuff breccias, and mud flows, composed largely of an-
desitic material. Near the top are some interbedded
lenses of conglomerate, sandstone, and slate.”

NEWBURY PORT QUAR~~ DIORITE

The Newburyport Quartz Diorite occurs as a belt running from Lynn
westward to the town of Arlington, and as two smaller bodies in the
Norwood Quad ra ngle .

Chute (10 , p.8) and LaForge (8 , p. 25) date the formation as being
pre-carboni ferous and early Paleozoic respectively . Emerson (2, p. 178)
and Clapp (7, p. 42) are more specifi c and have placed it in the
Devonian .

There is general agreement that the Newburyport Quartz Diorite is
as Clapp states “ ... The rock of the subalka line group intermedi ate in
composition between the Salem Gabbro-Diorite and the Dedham Granodiorite ,
into both of which types it is tra nsitional . ”

The formation is described by Emerson (2, p. 178) as:

a medium grained, somewhat gneissic rock, con-
sisting essentially of andesi ne , labradorite , ortho-
d an e , quart z , and hor nblende , and accessory augite ,
ilmenite , magnetite , apatite , rutile and titanite . ”

A16
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Chute (10 , p. Bil) states:

• .1  “The Newburyport Quartz Diorite of the Norwood
quadrangle is a medium, to coarse-grai.ried, dark-
greenish-gray rock characterized by nearly equidi-
ntensional poikilitic hornblende crystals whose
sections appear round or square .”

I GRANITE

“The Quincy Granite forms a belt 10 miles long and 2.5 miles wide
in the town of Quincy and Milton” (2, p. 188). Also , it forms a nearly
circular stock in Peabody and Lyrinfield and is the chief rock of Cape
Ann (7, p. 25).

• There is general agreement that the Quincy Granite is early Carbon-
iferous in age. Emerson (2, p. 188) describes the formation as follows:

“The normal Quincy Granite is a moderately coarse-
grained rock composed of dominant quartz, feldspar,
and hornblende and accessory aegirite, zircon, titanite
and ores... The fresh rock, which takes a high polish,
is prevailingly gray , but has scattered darker streaks
and cloudy masses , due to abundant dark xnicrolites in
the feldspar crystals. At other places the rock is
pinkish or reddish from surface oxidation, greenish
f r o m  alteration along shear zones and near trap dikes,
or from abundant microlites of hematite.”

- 

• 
SALEM GABBRO- DIORITE

According to Emerson (2, p. 178) “The Principal area of the rocks
-

• 
mapped as Salem Gabbro-Diorite is in central and southern Essex County .
It extend s northeastward to the coast in Newburyport and Ipswich, south-
eastward to the coast from Salem to Swainpscott , and southwestward into
Arlington , Lexington, and Lincoln... In Norfolk and Plymouth Counties a
number of masses of diorite, some of them of considerable size, are
enclosed in the Dedham Granodiorite .

The Salem includes several types of rock. The most characteristic
and most widely distributed is a rock containing quartz, labradorite,
hornblende , augite, and biotite. It is a medium-grained dark gray
granular rock , ranging to light gray with increase of quartz and feldspar
and to greenish and brownish tones where considerably weathered.”

Emerson and Ctapp agree that tne Salem is Devonian in age, with
others using the broader “early Pale7oic” (~ , 9).

-1
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SHARON SYENITE

The Sharon Syenite forms a large body of rock in Walpole, Sharon
and Foxboro , and smaller body in a town of Wrent ham .

Estimates of this formation ’s age range from Precambrian (12 ) to
• possibly Carboni ferous (10). No definite date has yet been determined.

Chute (10, p. B22) describes the formation as follows:

“The Sharon Syenite is a medium-grained granitoid
rock composed of 80-85 percent perthitic orthoclase
in anhedral grains 3-6 mm in longest dimension; in
addition it contains a samll an~unt of inicrocline-
perthite, 1-5 percent oligoclase, 0-3 percent quartz,
and 14_5 percent hornb lende . ”

SQUAN GRANITE

The Squam Granite occurs as small bodies of granite which are
intrusive into arid slightly younger than the Quincy Granite. These
bodies of Squam Granite are located in Gloucester and Middleton.

Clapp (7, p. 26), in describing the Squam, states:

“Its feldspar is chiefly orthoclase, microclirie , and
albite , rarely intergrown. The little microperthite
which is present is irregular, and in it orthoclase
greatly predominates over albite. The total feldspars
form only about 35 percent of the rock, which is
correspondingly rich in mafi c minerals, quartz forming
about 25 percent, as in the normal granite .”

WESTWOOD GRANITE

This formation outcrops in the Norwood, Blue Hills, Brockton and
Medfield Quadra ngles. Chute (10 , p. B14 ) describes the formation as
follows :

“The Westwood Granite , like the Dedham Granodiorite ,
is a light-pinkish-gray , even-grained massive rock
rich in quartz and low in dark minerals. The common
variety is composed of 25-35 percent quartz, 25-45
percent orthoclase or microperthite, 15-35 percent
albite or sodic oligoclase, and 0—5 percent microcline.
A small ai~ unt of biotite, mostly altered to chlorite,

• 
- is usually present. The principal accessory minerals

are magnetite, sphene, and apatite.”

Chute has placed the Westwood Granite in the pre”.Carboniferous
Paleozoic. -

A18



—_
~~~i~~~~

--—
~

- - 
~~~

-•
~~

----
~
--- - - - —

- - - - 

—

• UNASSIGNED PORPHYRITIC RIEI3ECKITE

This porphyritic riebeckite granite occurs along the boundary
between the Mansfield and Brockton Quadrangles. Chute (3) places this
unassigned rock unit in the Devonian or early Carboni ferous , and descr ibes

• it as follows:

“Light-gray granite with quartz and black phenocrysts
of riebeckite in a mediuni-grained matrix of albite.
This is the marginal phase of a riebeckite granite
stock probably to be correlated with the Quincy Granite
of adjacent areas.”

UNASSIGNED QUARTZ SYENITE

These are those rocks of Carboni ferous age in Essex County that
Clapp (7, p. 89) has rm,med “quartz syenite or nord markite . ” He de-

• 
- scribes them as follows:

“The bulk of the nordmarkites of Essex County,
clearly transitional into the Quincy Granite, are
really quartz-poor granites. Like the granite,
they occur as part of the main batholith and
stocks. They are coarse-grained , usually greenish-
gray rocks, which on exposure to the air turn
darker green like the granite. They are granite
in texture, having the same rectangular feldspar s
arid virtually the same constituent minerals as the

• - Quincy Granite.”

UNASSIGNED VOlCANIC ROCKS

These occur as a body of rock centrally located in the Brockton
Quadrangle. Chute (3 ) describes the volcanics as being:

“Dark greenish-gray, dense, altered lavas with well
developed flow banding. Hydrothermal alteration is
so extensive that the original composition of the
lavas is uncertain, but judging from the high per-

— - centage of quart z (15 to 20 percent) they may have

:1 
been rhyolite or quartz latite.”

UNDIFFERENTIATED DEDHAM GRANODIORITE AND SALEM GABBRODIORITE —

These are areas withi n the Blue Hills and Norwood Quadrangles
which are mapped by N. E. Chute (4 , 10) in which these two formations
occur together with such complexity that they are insepa rable .
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SEDIMENTARY~ €TASEDIMENTARY1 AND METAMDRPHIC ROCK UNITS

- 
: BELLINGHAM CONGLOMERATE

• :- The Bellingham conglomerate is found in a finger-shaped outcrop
- 

• extending northward into the towns of Bellingham, Franklin, and Wrentham
from Rhode Island . This is its only exposure in the study area. Emerson
(2, p~ 56) describes the Bellingham conglomerate as:

- - 

- 
“ ... a coarse basal conglomerate composed of pebbles
of granite , quar tzite , and green scnist in a matrix
of ser:Lcite schist. The pebbles are commonly drawn
out by crushing into long bands and the whole mass

- 

I 
is in places changed to coarse chloritoid (masonite )
schi st , furni shing great crystals of masonite, several
inches square,...”

According to Emerson (2)  the Bellinghain conglomerate is regarded
as the equivalent of the Pondville conglomerate and is Carboniferous in

• age .

B~AI ~~ REE M?GILLITE

The Braintree argillite is found in the town of Braintree near the
Old Quincy Reservoir and in the town of Milton to the west. Chute (4)
I~~’~ribes the Braintree argillite as:

• 
“ ... (a) dark-gray slate with beds of light- and
medium -gray si l tstone. ..  chief constituents are
chlorite, epidote , sericite , quart z , untwinned
feldspar, leucoxene and graphite. Away from the

- 
- (Quincy ) granite most of the Braintree is dark

gray and distinctly thinly bedded . As metamorphism
increases toward the granite contact, bedding be-
comes less distinct and color changes to greenish
gray due to removal of graphite and the presence of
chlorite and epidote.”

Chute (4) puts the Braintree argil1it-~ in the Cambrian. The
Braintree argilL ilte is the same as the Braintree slate except that it
is sli~ht~y less metamorphosed .

BRA INTREE SLATE

Ac~orr1irt~ to LaForge (8 ) the Braintree slate is not known except
a - ~~ he southern margin of’ the Boston Basin. It is exposed in the

- - -~~~n~~ of Bra in~ ree , Quincy, and Weymou th.  Emerson (2 , p . 38) describes - -
~~~~

he Praintree slate as:

— ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ —
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“... dark gray to black carbonaceous slates and
dark gray lydite , with a few calcareous and epidotic

• layers and nodules.”

LaForge (8, p. 21) adds that:
“ ... it has been altered by the contact of the intru-

- - sive Quincy granite, with induration and the develop-
ment of considerable mica and garnet and some tourinaline
in almost microscopi c crystals . ”

Emerson (2 , p. 36) continues:

“... the Braintree slate ap~ears to overlie conformablyand to be folded with the Weyinouth formation in Weyjnouth.
All its other contacts are with younger rocks - on the
south it is faulted against, and possibly in one or two
places intruded by, the Dedham granodiorite... and on
the west it is extensively intruded by, and at places
included in, the Quincy granite.”

The age is well determined due to the presence of a characteristic
fauna, (Paradoxides), a middle Cambrai n fossil found in a classic
locality of New England Geology, the former Hayward Creek Quarry.

BRIMFIELD SCHIST

The Brimuield schist is exposed in long narrow strips within the
Nashoba formation in the towns of Oxford , Sutton, Middiebury, and
Webster; and within the Paxton quartz schist ii Worcester. Emerson
(2, p. 69) describes the Brimfield schist as:

“ ... a uni form coarse red-br,.wn muscovite schist
containing much biotite, fibrolite (conmion~y de-
rived from an antecedent anadalusite), and graphite,
and so much pyrite that it is wholely rusted in many
of the deepest openings . If forms deep brown soils
and abundant effloresence of copperas formerly used —

for dyeing.”

The Brimfield schist is assigned by Emerson (1917, p. 69) to the
Carboniferous. It is the most marked and widely distributed of the
metamorphic formations of the Carboniferous according to ~~~rson.

CA?’
~

RIDGE SlATE

The Cambridge slat e occupies a large area north of Boston in the
4 Boston Basin from Waltham northeast to Lynn. It also underlies much

• of Boston Harbor formi ng the island s in the bay , the Hull peninsula
and extends southeastward into the towns of Quincy and ?~ 1ton. LaForge
(8, p. 43) describes the Cambridge slate as follows:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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“ ... The formation consists chiefly of rock of
generally fine-grained argillaceous character
that has been called pelite , shale , argillite
and slate , though none of those name s I s wholly
satisfactor y... The typical Cambridge slate is
dark bluish gray or brownish gray, rather fine-
gra.ined and composed chiefly of argillaceous
material . Some part s of it are well stratified
and thin bedded; other part s are rat her massive .
!!bst of it splits easily parallel to the bedding;

- ;• and nearly everywhere it has developed a fissility
- • across the bedding, but only rarely is this secon-

dary structure dominant, and practically nowhere in
the basin is the rock a true slate... Coe.rse grained
beds , some of them sandy , but most of them composed
mai nly of reworke d tuff , are scattered through the
formation, mainly in its lower part. Near its top
it contains some red and green shale.”

There is no direct internal evidence of the age of the Cambridge
slate or any of the rocks in the Boston Bay group. Indirect evidence
and external evidence such as structural relationships within the
Boston Basin and relationships with adjacent formations such as the
Norfolk Basin indicate the most probable age of the Cambridge slate as
C~rboniferous.

MARLBORO FORMATION

The ~~rlboro formation is a member of a group of rocks generallyagreed to be Precambrian in age. This is due to their lack of fossils,
volcanic nature, and highly metamorphosed character. Emerson (2) divided
them into two general formations due to their occurrence in “small rather

• widely separated areas,” and the conseque nt lack of detailed knowled ge
of them. 1.aForge (8) includes two more formations in his interpretation
of these presumed Precambrian rocks.

The ?.~.r1boro formation is found in the towns of Medway , Holliston,
Sherborri, Waltham, Belmont, and Woburn. LaForge (8, p. 17) describes
the ~~rlboro formation as follows:

• 
“ ... A considerable part of the formation consists
of dark-green , dark-gr ay , or black schist and slat e ,
in some places almost of horn atone , composed chiefly
of biotite , chlorite , and epidote , with some quartz
and hornblende. From its association with rocks that
appear to be sheared and altered basaltic lavas this
rock is believed to be larg ely of volcani c origin and
to have consisted originally in the main of fine
basaltic tuff . That it is not wholly volcani c and is
in part perhaps a marine sediment is attested by the
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not unconunon occurrence in it, of thin beds of
limestone , quartz ite , and pebb ly sandstone or
even conglomerate . ”

NASHOBA FORMATION

The Nashoba formation is exposed in the towns of Webster , Oxford ,
- 

- Sutton, Auburn, Milibury , Grafton and Worcester City. It was described
by Hansen (13 , p. 31) as follows :

“ ... The name Nashoba formation is proposed for a
great mass of metamorphic rocks of Carboni ferous
age that extends north-eastward across east-central
Massachusetts almost from Connecticut to New Hamp-
shire. The name is proposed because of the occur-
rence and good exposure of these rocks in the valley
of Nashoba Brook in the Maynard and Westford quad-
rangles. They are probably best exposed in the
town of Bolton, and the name Bolton gneiss was
originally applied to them by Emerson (2 , p. 81);
he abandoned this appropriate name , however , as
it had been preoccupied for a different formation
elsewhere.”

Emerson (2, p. 81) describes his Bolton gneit;s as follows:

“ ... The Bolton gneiss is typically exposed in the
town of Bolton and Berlin. It consists as a rule
of well-banded mica gneiss, with layers made up of
coarse muscovite, biotite, and quartz, alternat~.ng
with more quartzose and feldspathic layers. The
commonest type is a medium-grained to fine-grained
quartzose biotite gneiss of gray or brown color, in
some places contai ning graphite , fibrolite and garnet .
The rock splits into layers 3 to 4 inches thick and
makes good flaggi ng . layers and lenses of quart z
and of several pegmatites are common and in places
make up much of the rock. They include greisen as

- I well as the more connnon feldspathi c pegmati te, and
some are much squeezed and schistose. Other intru-
sive rocks are numerous dikes and sheets of granite
(chiefly Ayer and Andover) and of aplitic and dio-

• ritic rocks. The latter are generally more or less
faulted.”

NORTHBRIDGE GRANITE GNEISS

• The Northbridge granite gneiss is found covering a wide area in
the western section of the study area. This includes the towns of
Web ster , Douglas , Uxbridge , Northbridge , Sutton , Grafton , Mendon , and
Upton. Emerson (2 , p. 155) describes the Nort hbridge granite gnelss
as follows :
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“... The Northbridge granite gneiss occupies a
broad area with a core of coarse slight ly gneissoid ,
prop~ rritIc microcline-biotite granite, and a broad
border of completely mashed , stretched, and pen-
ciled, highly muscovitic gneiss. It is considered
Archean because the Algonkian qua rtzite overla ps it
normally and the MilfOrd gran ite cuts both rocks .
The gneiss is a monotonous rock of coarser grain

• than the MLlford granite and the aplitic and horn-
blende varieties of that rock are absent.”

OA~~ALE ~UARTZITE

The Oakdale quartzite is found in the towns of Oxford , Auburn , and
• Worcester City in the western region of the study area. The following

description is given in Emerson (2, p. 61):

“... It is a fine, even-grained , flagg~,r quartzite , in
many places great ly jointed , reddish-brown from the
development of actinolite in small lenses or sub-
ordi nate beds that were originally calcareous . It
contains accessory menaccanite , offreli te , pyrite ,
and muscovite. The bedding and the quartz grains are
in many places original. Near the granite intrusions
the quartz grains are enlarged or wholly recrystallized,
the whole mass is coars er grai ned , and the rock grade s
into the next type.”

~~~rson (2, p. 77) concludes that the Oakdale quartzite 
is

Carboniferous in age because it grades into the overlying Worcester
phyllite without visible unconformity. Emerson explains:

-• 
“ ... The Worcester phyllite is Carboniferous, for
it contains Lepidodendron and several species of

H ferns at the Worcester “coal mine ”... The conclu-
sion that the Oakdale quarzite is of Carb oni ferous
age is greatly strengthene d by the fact that it
and the Worcest~r phyllite are closely folded to-
gether and in pitching folds the Oakdale.regularly
passes under the Worcester. Another reason for

• believing that the two formations belong to the
same geologic period is that they are cut by the
same set of Igneous rocks.”

OXFORD SCHIST

The Oxford schist occupies a small finger-shaped area in Auburn : : -

and Worcester City in the Western portion of the study area. Emerson
(2 , p. 68) descr ibes it as fol lows:
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“ ... south of Worcester the Worcester phyllite
grades along the strike into a lead-gray mi ca
schist , full of lar ge crystals of garnet and
staurolite and containing tourmaline derived
from the granite . In places it is silvery white
from the absence of both graphite and biotite .
Subor dinate beds of this (Oxford ) schi st contain-

• lug fine staurolite twins appear in the Boylston
schist along the shore of the reservoir a mile west
of Boylston Center. The main mass occupies a broad

- - area extending south from Worcester across Auburn.”

The Oxford schist is Carboniferous because of its gradational
relationshi p with the Worcester phyllite known to be Carboni ferous

• through fossil evidence .

PAXTON QUARTZ SCHIST

• The Paxton quartz schist is found in the extreme western portion of
the study area in the towns of Leicester, Oxford, and Worcester City.
The Paxton quartz schist is described as follows in &nerson (2, p. 62):

“ ... Towards the west what I regard as the equivalent
of the Oakdale quart zite is more f1ag~ r, includes
more abundant and visible biotite and , in the small
green calcareous are as , distinct lenses of actinolite ,
some of th em containi ng diopside , essor ilte , titanite,
pyri te , and residual calcite . It includes small beds
of mica schist and limestone, and some of it is
slightly graphitic. This type of rock is called the
Paxton quartz schist, from its development at Paxton,
northwest of Worcester. Unlike the Brimfield schist
it is distinctly quartzitic, less rusty, and lacks
graphite , garnet, and the aluininous silicates. Though
much intruded by granite, it maintains its type to the
west edge of Worcester county, and at places farther
west becomes completely gneissoid... This is the most
widely extended type of the lower formation of the

-j Carboniferous... The Paxton passes in pitching folds
beneath the Brimfield, just as the Oakdale passes
beneath the Worcester. For a great distance north
and south of Worcester the boundary between the
Paxton and the Oakdale is a zone rather than a line,
and the transition is so gradual and over lar ge areas
the change is so slight that a new name was hardly • 

-

needed . ”

Emerson (2 , p. 62) gives the Paxton quartz schist an age of
Carboniferous, along with the other schists described (Brim field , and

- 

• 
Oxford schists):
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• “... The pro gressive increase in the metamorphi sm
of the sedimentary rocxs from the areas of little ,
to those of extensive granite intrusion and the
continuous and complete transition , wi thout defi nite
boundaries between the different phases of rocks ,
from the little altere d rocks to the highly altered

- :- schists , are my reasons for correlati ng the schists
with the Oakdale and Worcester and regarding the m all
as of Carboni ferous age .

- 

~- 
PONDVILLE C0NGLO~~RATE

• The F~ndvi lle conglomerate runs in two long fingers in the towns
of Walpole , Norwood , Sharon , Canton , Randol ph , Milton , and Quincy City .
Emerson ( 1917, p. 511. ) describes the Pondville conglomerat e as follows :

• “ ... The basal formation is generally a coarse
conglomerate or arkose made up of material derived
from adjacent granite. It is not a continuous
formation but is well represented along the north
and southeast borders of the basin. It was named
from Pondville station, in the Norfolk basin, where
it is well displayed.”

Emerson assigns the Pond vllle conglomerate to the Carboni ferous
a-ge .

Chute also describes the Pondville conglomerate in his wc rk on the
Norwood quadrangle , Chute (10, p. 30):

• “... The Pondville cong lome~&te... is divisible
into two members in the Norwood quadrangle. The

— lower member consists of cobble and boulder con-
glomerate; the upper member consists of gray
coarse sandstone , gray granule conglomerate, and

~ 3 pebble conglomerate... The members of the Pondvi lie
congl~~~rate can be traced along both sides of the

-~~~ Norfolk basin in the southern part of the quadrangle.
Along the northern edge of the basin , the lower mem-
ber apparently terminates at the Stony Brook fault and
is absent to the west . The upper member continue s
about 3 miles farther west to anothe r north-east-
trending fault . Along the southern edge of the basin
the lower member seems to terminate at the Stony Brook
fault and is absent east of the fault . These apparent
terminations are interpreted by the author to be the

- 
- - result of thrust faulting , older rocks having been

thrust over the Pondvl lie cong1on~rate from the north
and south. ”
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RHODE ISlAND FORMA.TION

The Rhode Island formation covers a wide region running from the
town of Hanover southwestward through Plymouth county into Bristol
county and on into Rhode Island. Emerson describes the Rhode Island

- 
- - formation as a part of the strata of the Narragansett Basin. Following
- 

- i~ Emerson’s (2, p. 514 ) description :

“ ... The Rhode Island formation makes up the greater
part of the rocks of the basin, both in thickness
and extent. It is named for the fact that the
graphite coal beds of the state of Rhoc’e Island are
a part of it. It is called the Pawtucket formation
by Warren and Powers. It consists of shaly and siaty
coal-bearing beds intercalcated with sandstones and
conglomerates. It abounds in coal plants of Penn-
sylvanian age and contains the remai ns of a few
ostracods and insects. The rocks along the western
border of the basin are rather strongly metamorphosed.

Coal was mined from the formation about the
middle of the last century but apparently without
profit. The coal beds are much crushed by the folding
and include considerable infiltrated foreign material,
so that the coal contains much ash. The coal is very
anthracitic and apparently partly graphitic - indeed ,
the more altered rocks south of Providence are still
Mined for graphite.”

The age of the Rhode Island formation is given by both Emerson
(2, p. 514) and Chute (3) as Pennsylvanian.

ROXBURY CONGLOMERATE

The Rox~~ry conglomerate has been studied by numerous geologists
including the following published studies: Chute (10), Nelson (5),

~~~rson (2), and La-Forge (8).

- f  It is found in Boston City, Newton, Wellesley, Needham, Sherborn,
and Dover. Emerson (2, p. 56) described its occurrence in the Boston
Basin Carboniferous strata:

“ ... The lower formation, named for the Roxbury
district of Boston, where it is conspicuously exposed,
consists of a thick conglomerate and some sandstone
and slate. In at least the southern part of the basin
it may be divided into three members - the Brookline
conglomerate at the base, the Dorchester slate in the
middle , and the Squantum tillite at the top. The later
f ows of the Mattapan volcanic complex, chiefly
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amygdaloidal meiphyre, are at several places inter-
stratified with the Brookline and Dorchester members,
but they are not known to occur in the Squantum mem-
ber. It is impossible to distinguish everywhere
between some of the earlier beds of the Brookline
member and some of the volcan ic conglomerates of
the Mattapan complex, but clearly the volcanic
activity began before the deposition of the Brook-
line and it appears to have ceased , at least in so

r 
•~ far as surface extrusion is concerned , before the

‘~lacia1 conditions that marked the close of Roxbury
time.”

According to later work by La-Forge (8 , p. 39) :

later knowledge gained from recent excavations
• has shown that this threef o1d d iv is ion  does n-~t per-

s i s~ - throug hout the area occupied by the formation
with sufficient definiteness to warrent mapping the
uni t s  separately ...  The threefold div-isb n is herein
retained for convenience in description , but no
attempt is made to represent the members on the map
or in Me sections and they are not regarded as
clear L3’ distinguishable stratigraphic subdivisions
throughout the area...

The Brookline cong lomerate member consists
mai nly of massive conglomerate... In a few places
it is well stratified , but in much of its outcrop
area it shows no bedding . Its base where exposed
is r~cnerally coarse and het~erogenous, containingcobbles and small boulders, many of which are of
the same rock as the underlying formation , which in
a few places is the Dedham granodiorite but else-
where is some part of the Mattapan volcanic complex...

The Dorchester slate member is characterized
by beds of red and purple sandy slate, purplish sand-
stone and grit , and small-pebble conglomerate. Much
of the slate is composed of rather coarse material,
apparently reworked balsa-tic or andesitic tuff...

The Squantum member consists mainly of a pecu-
liar breccia now regarded as tillite or glacial
-ong lomerate interbedded with a few thin layers
that are regarded as water laid drift. The ti llite
contains striated and faceted pebbles and other
indications of its glacial origin, incLuding angular
boulders of granite and other rocks ‘ to 1~ feet long...

_ _ _ _  -
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The interpretation of the Roxbury formation
has always been difficult... The discovery that
the upper part of the formation is tillite has

- • shed much light on the problem, and it is now
regarded as mainly of glacial origin and as con-

• 
. sisting chiefly of outwash deposits that were

later overridden by the ice and covered with a
deposit of till.”

WAMSIYTTA FORMATION

The Wamsutta formation is found in the towns of Attleboro, Fall
River, Wrentham, Norfolk, and Walpole. A long sinuous band extends
from Plainville, northeastward to Abington. Emerson (2, p.514) gives
the following description of the Wamsutta formation:

“ ... Overlying the Pondv ille conglomerat e , or resti ng
on the older rocks where the Pondville is absent, is
a group of characteristically red beds, composed of
sandstones, felsite, agglomerates, arkose, and shales
which Woodworth called the Wamsutta group, from
Wamsutta, an Indian name proposed, but not adopted,
for North Attleboro, where it is typically developed.
The sediments, which include both felsite and mela-
phyres, are interbedded with some tuffs and flows of
volcanic rocks.”

The Wamsutta formation is Carboniferous in age according to
Emerson (2).

WESTBORO ~UAR~~ITE

The Westboro quartzite outcrops in the towns of Webster, Oxford,
Douglas, Uxbridge, Mendon, Hopedale, and Milford, in the western region

r of the study area. Also in the Boston area it is found in Saugus and
Medford. Emerson (2, p. 2li~) grouped the Westboro quartzite along with
the Marlboro formation as an Algonkian rock. His description follows:

“ ... The Westboro quartzite, the lower of the two
Algonkian formations , is a shoreward bed of sugary
quartzite, in places actinolitic or biotitic. Across-- J Uxbr idge it is stretched into ligniform masses. It
occupies nearly the whole town of Hopedale as a pure
massive quartzite, and another area of this type ex-

4 tends from Grafton northward into Westboro , where

• 
much of it contains mafly minute needles of tremolite.”

I 
- LaForge (8, p. 17) describes the Westboro quartzite in the Boston

area:

_



“In the Boston area the formation occurs in
several small lenses and narrow stri ps chiefly
in Waltham , Belmont , Arlington , Melrose and
Saugus. Probably the best as well as the most

-
- 

- extensive development is that in Melrose and
- - I Saugus, where it crops out in many places. It

is not a particularly resistant formation, and
much of the area occupied by it is low ground,
although it is found here and there on hills.

The formation consists almost wholly of
white, light-yellow, cream-colored, or light-
gray quartzite, in some places containing feld-
spathi c material, in others considerable muscovite,
and in still others some biotite or other dark
mineral. It is as a rule thin bedded and differs

• slightly in composition and weatheri ng from bed to
bed , so that many outcrop s have fluted surfaces
parallel to the bedding.”

WEY~JUTH FORMATION

The WeyTnouth slate is found in the town of We~~outh on the southern
shore of Boston Harbor. Also a very small outcrop exists on East Point
in Nahant. Emerson (2, p. 37) describes the Weymouth formation as
follows:

“... At Weymouth the formation consists of reddish
brownish, and greenish cherty slate, with greenish
epidotic and calcareous lenses and nodules and thin

• 
- beds of white limestone. At Nahant the beds are
• cherty greenish slate and gray lydite and a few

layers of white limestone. Only a few feet of the
formation is exposed at Nahant, the strata apparent ly
bei ng large inclusions in the great mass of gabbro
that makes up the peninsula, though possibly that
mass is a deformed sill or laccolith, of which the

• Cambrian strata exposed are the remnant s of the
floor and roof. At Weyinouth the strata appear to
be folded with the overlying Braintree slate , but
the drift cover is so general that the relations are
concealed and the thickness of the beds can not be
determi ned .

According to La-Forge (8 , p. 20) the W~ymouth formation contains,
“fossils (which) belong to the Olenellus fauna and fix the age of the

• formation as Lower Cambrian . ”
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WORCESTER PHYLLITE

The Worcester phyllite outcrops in small sinuous bands through the
• 

-~ towns of Webster, Oxford, Auburn, and Worcester City. Emerson (2, p.62)
describes the general character of the Worcester phyllite as follows :

“...In its least changed or typical phase the
• Worcester phyllite ranges from soft black slate

. or phyllite , partly carbonaceous and partly • 

-

graphitic , to light greasy sericite schist. The
• prevailing rock is thinly fissile, lead gray, with

a corrugated satiny surface, generally splitting on
• the original lamination and not on a secondary

cleavage... Its satiny surface is produced by the - 
-

recrystallization of its cl&yey material into fine
scales of mica, and as these scales grow coarser
the rock grades into mica schist. The accessory
minerals are biotite, ottrelite, garnet, pyrite,
and minute chiastolite.

In the Worcester “coal mine” and in the more
metamorphosed western part of the Narragansett
Basin a greenish-white satiny fibrous mineral
occurs, filling fissures with its transverse nee.- I :
dies. It was originally a prochlorite, possibly made
fibrous by pressure, and is now changed in part to
silica by the action of the acids formed on the
oxidation of the pyrite.”

UNASSIGNED GNEISSES AND 501-lISTS

Within the limits of the study area in the towns of Worcester,
Woburn, Reading, North Reading, Winchester and Arlington is an area of
unassigned gneisses and schists. Emerson (2, p. 79) describes these
undated rocks as follows:

- 
“ ... In all the areas the rocks have been closely

j folded, crushed and sheared, and greatly altered.
- 

The sedimentary rocks in particular have nearly
everywhere been completely recrystallized. Never-

I - theless, the original bedding of the sedimentary
- 

- rocks is preserve d in many places , and in other
places it is reasonably clear that the foliation

- : of igneous rocks Is due largely to original flow
ba-ri din g.. .



The greater part of the area , however , is
occupied by a complex mica gneiss , chiefly biotitic
but in places containing muscovite , with which is
associated some hor nblend e gneiss. It has been
closely folded and greatl y squeezed , and much of

4 it closely and intricately plicated. It is certainly
in part sedimentary and almost certainly in part
igneous, but the two sorts of rock are so complexly
interbedded and folded that in many places they can be
distinguished with difficulty, it at all, and in most
places to map them separately is out of the question. ”

UNASSIG1~ D ?€TAMORPHIC ROCKS

The unassigned metamorphic rocks in the study area are in the towns
of Topsfield and Ipswich , both small rounded areas surrounded for the
most part by Salem gabbrodiorite. Clapp (7, p. 17) descrIbes the rocks
under the headi ng “Cambrian and Algondian Metamorphic Rocks” as follows :

“ ... The oldest rocks of Essex County are clearly
a series of metamorphic rocks of widely varying
composition. They occur in relatively small areas
usually in the form of elongate lenses entirely
surrounded by intrusive granitic rocks throughout
the greater part of the county. The larger areas
are shown on the map (P1. I, in pocket). Small
area s occur in Georgetown , Newbury , West Newbury ,
and Newburyport, the Highfield ridge being corn -
posed chiefly of quart z-horn blende s~hists. Anothe r
relatively large area of quartzites, slates, and
limestones occurs in Topsfield and northwest of
Middleton...

The metamorphic rocks are of both sedimentary
and volcanic origin , although , as in the horn blende
schists , It is not everywhere possible to determine
the true nature oç the original rock. The sedimen-
tary rocks , all highly metamorphosed, range from
quartzites to marb les , with many schistose varieties.
The quartzites have been entirely recrystallized
and are usually fairl y coarse grained. However , some

• of them are extremely fine grained, in fact cherty,
and are hard to distinguish from silicified felsites.
They are closely associated with slaty beds , usually
more or less schistose . ”

- -
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DIG}LTON AND PURGATORY C0NGLO~~~RATES

These conglomerates outcrop In Swansea , Seekonk , Rehoboth , Dighton ,
Taunton , Somerset , and Berkle y . Emerson (2 , p. 55) describes them an
follows :

“ ... Infolded in the Rhode Island formatio n are
long lenses of a peculiar conglomerate , mentioned
above as the Dighton conglomerate. It is named from
Dighton , Ma ssachusetts , near which it is well exposed .
It contains Obolus-bearin g quartzite pebbles of Upper
Cainrian age and pebbles of muscovite granite , both
rocks being of unknown origin. The pebbles are com-
monly more than a foot long and are well rounded ,
suggesting beach action. Their size indicates more
violent currents than those that existed duri ng the
earlier stages of Carbo ni ferous deposition. Farther
south what is regarded as the same formatio n is
called the Purgatory conglomerat e from a well-known
cliff near Newport , where the conglomerate is much
meta morphosed , the matrix is mica schist and the
large pebbles indent each other . The whole is pe r-
fectly sheared by great joints. ”

Accordi ng to Emerson (2)  these conglomer ates were laid down duri ng
the Carbon i ferous age.

C. ENGINEERING CHARACTERISTICS OF BEDROC K UNITS

The previously described bedrock units have been group ed into
eight catagor ies , each of which has its own engineeri ng characteris tics .
The source of information used in determ ini ng these characteristics was
Engineeri ng Geology of the Northeast Corridor , Washi ngton , D. C. , to
Boston , Massac husetts , Bedr ock Geology, 1967, U.S.G.S. Miscellaneous
Geologic Investigations Map I_5lL~_A , Sheet 6. ( 113)

The following are the bedrock units of the eight cata gories and
their resp ective engineering characteristics.

MAP UNIT 1/1 Andove r Granite Quincy Granite

Ayer Granite Salem Gabb rodiorite

Beverly Syenite Sharon Syenite

Blue Hill Granite Squam Granite
Prophyry

Dedham Granodior ite Westwood Granite 

—-
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Pitc)*,urg Grazil t. Unassigned Prup~~rrittc• 
- • 

- Riebeckite Granite
Mal tord Granite Undifferentt*t*d 1~dhaa

Granodiorite SM
ae~.buryport Quaxta Salem Gabbrodiorit

Diorit.
- Itorthbridg. Granite Unassigned Granite

Gneiu

MAP tIlIT /1 2 Oekdsle Quartaite

Weatboro Quartaite

MAP tflhIT # 3 Brisifield Schist Psxton Quart E Schist

Marlboro Formation Unassigned C}neisses
and Schists -

Nuhoba Formation

Oxford Sehi~t

)~.P UNIT # 13 Worcester ibyllite

WIP UNIT # 5 Braintree Argillite

Braintree Slate

Cailbridge Slate

Weymouth Formation

MA P UNIT # 6 Ne1~ ury-MattaPSn-I4~~ Volcanics

Unas signed Volcani c Rocks

MAP UNIT # 7 Rhode Island Formation

Waznsutta Format ion

MM UNIT # 8 Bel]ingham Conglomerate

Pondville Conglomerate

Roxbury Conglomerate

Dighton and Prugatory Conglomerates
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- III . SURFICIAL GEOLOGY OF EASTERN HAS SACH~~ ETTS

• A. Source Material and Mappi ng Procedure

The source material used to prep are the surficia l geology maps can
be divided into four cat egories .

These four source cate gor ies were :

a. Info rmatio n derived from United States Geological Survey
(U .S. G .S.)  Bulletins . These included The Geology of the Boston Area (8)

- • - and Geology of the Norwood Quadrangle ~~~~5).

b. Information derived from United States Geological Survey
Quad ra ngle Rep orts. There were twenty quadra ngle reports which were
used for this study . The names of the quadran gles and their correspond-
ing Geologic Quadra ngle (GQ ) numbers are given here .

1. GEORGETWON GQ - 850 11. HANOVER GQ - 633
2. I PSWICH GQ - 189 12. DIJXBURY GQ. - 1i66
3. WILM INGTON GQ - 122 13. NORTH TRURO GQ - 599
14. READING GQ - 186 113. BRIDGEWPITER GQ - 127
5. 5~~T~~4 GQ - 271 15. WELLFLEET GQ - 750
6. CONCORD GQ - 331 16. ASSAWOMPSET

POND GQ — 265
7. BLUE HILLS GQ - 1463 17. ORLEANS GQ - 931
8. SCITUATE GQ - 1467 18. HARWICH GQ - 786
9. BROCNTON GQ - 5 19. CHATHAM GQ - 911
10. wiiim~~ GQ - 632 20. MONO~ )Y

- 
POINT GQ - 787

c. Information derived from United States Department of Agriculture
(U.S .D.A.) soil survey publications . The most recent soils report s were
used where avai lable , however , for most areas only the series of reports
made in the 1920 ’s were avai lable . The exception to thi s was the recent
detai led soil survey of Plymouth County . Those U.S.D.A . publications
that were used In the compliation of this report are as follows :

1. Soil surve y of Essex County; Lat iiner , Lanphe ar ; 1925

2. Soil survey of Middlesex County ; Latimer , Lanphear ; 19214

3. Soil surve y of Worce ster County ; Latime r , Lanphear ; Martin 1922

1-i . Soil survey of Norfolk , Bristol , and Barnstable Counties;
Latimer , Maxon , Smith , Mallory , Roberts; 1920

5. Soi l survey of Nor folk , Bristol , and Barnstable Counties;
- . Lat imer , Maxon , Smith , Mallory , Roberts; 1920

6. Soil survey Plymouth County ; Upham ; 1969

‘
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d. Infor mation derive d from publications other than U.S.G.S.
Bulletins or Quadrangle Reports , or U.S.D.A. Soil Reports. There were

• two such publicati ons used , one was The Ge ra 1~r and 
~~~~~~~~~~~~ 

of the
- ‘ Region Includ ing ~~~~ Cod , the E1izaE~Th -Es a , W~~tii~kit~~MartIi~”s 

-

Vineyard , No Man ’s Land , and Block Island by J. B • Woodwort h and B.
- . Wiggleawort h in l931~7 (]5T’This was published in 19313 as Volume 52 of

- 
The Memoirs of the Museum of Comparati ve Zoology at Harvard College .

- The othe r publicat ion was a United States Geological Survey Open File
- Report on the Preliminary Surf icial Geology of the Nati ck Quadra ngle

by A. B. Nelson in 1972 . (5)

- - I Whe n avai lab le the maps of the U.S.G.S. Bulletins , Quadrangle Report s
and Open File Reports were regarded as the most accurate description of
the aurfielal deposits and -were therefore used without alteration. The

• maps contained in the Woodworth and Wiggleswrth publication were used to
- 

describe those areas of the Cape and the Islands where no U.S .G.S. maps
were avai lable . Last ly , where no othe r source of I nform ation was
available the soils of eastern Ma ssachuset ts were groupe d together Into

• categories determi ned by the type of surfi cia]. sediment which they
moat likely overlie. Then, using the variou s county soila maps and
U.S.G.S. topographic maps (for swamp and marsh determination) the sur.
ticia]. deposits were plotted on the same base map as was used for the
bedrock maps .

In all instances , those maps from whi ch Infor mation was obtained
were of a different scale than that of the maps prepared for this report .
Due to thi s fact , all source maps had to receive various degrees of
reduction before their information could be transferred to the base maps
of this report .

B. Legend Explanation

- 
- 

The surficial sediments were first divided into two main groups .
• These iiere : 1. coarse-grained soIls 2. fin.-grained and/or organi c
H soils. The first of these groups, the coarse-grained soils , was further

divided into four sections, each with a di fferen t mode of origin. These
four sections were as follows . First , those stratifie d aediisent s derived
from Ice contact features and the outi.ash resu lting from the melting of
the glaciers . Sands and gravels are the dominant grain sizes with minor
quantities of silts and clays sometimes encountered. On the maps these
sediment s appear as white areas and llsr , herd to recognize deposits
ar e given the letter symbol 3~

.
Secondly are those sedi nt s which ar e dirived from mari ne beaches

and wIndblown dunes. These d.posits are generally str iotly sand s with
• very minor gravels or clays . O~* t~4 ps these deposits are represented - 

- —
-
: by nor theut-southw.t dia~~nsl liMe and the a o l  ~~~ wher e neoe..*q.

The third group Is the alltsvit ~~ and river terrace deposits. miss
- are sediments from recent ri-vera whL.h pMr*1]y are o~~~~iid of sands - :~

-
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- and silts with minor clay and grave l content . This group is represented
by a stippled pattern and Qac where necessary . The fourth and last
group of the coar se-grai ned soils is the glacial till. This group ,
represented by horizontal lines and the letters Q.tc where necessary ,
is composed of unsorted clayey or silty sand s and gravels. The sediments

- - are primari ly derived from subglacial ground moraine , termi nal moraines
and lateral morsines. The deposits are unstrat ified and frequently con-
tam rocks from cobb le size to boulders as large as a small house.

The second main catego ry of sediments , the fine-gralned and/or
organi c soils , is represe nted by two different symbols , crosshatchlng
and solid black . The crosshatching actually represent s two type s of
deposits . The first , glacial lake bottom sediment s , which are further
designated Qif on the maps , are the silty and e].ayey sands of the
Pleistocene lake beds . The second type designated Qmf, are the tine-
grained mari ne deposits of the once offshore marine terraces and plains.

The solid black symbol represent s the organi c deposits , the salt
water organics distingui shed from the freshwate r organics by the symbols
Qom and Qof re spectively . Since most of the organic deposits were of
freshwater origin , only those areas where there may be doubt were given
the aforeme ntioned distin gui shing letter symbols, otherwise any solid
black area is to be considere d as a fresh water organic deposit . Generally
the freshwater deposits are found in old lake basins , cutoff river
meanders , kettle holes or dammed off glacial valleys , whereas the marine
organics are found near river mouths , along estuaries and in tidal flats
and marshes .

One other type of deposit occurs only withi n the metropolitan
Boston area of Figure AU in large enough extent to be mapped. This
is the artificial fill that has been hau led in by man over the past three
hundred years , and upon which much of Boston , Cambridge and Chelsea is

• built . This artificial fill is represented by the “patchwork quilting”
type symbol directly below the standard Legend on Figure All .

C. Engineeri ng Characteristics of Sur fi cal Sediment s

Table A2 describes the engineering characteristics of the afore—
mentioned eight types of surficial sediments • The informa tion shown
here was taken from the Engineeri ng Geology of the Northeast Corridor,
Washington, D.C. , to Boston Ma ssachusetts. TD43

A39

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



~: —~ r~~~~-~~

fl_co ,- _ cc
_ - I

-—44_cc 
.4 c_c—

— ~ 
- _ .i—.1

t 
~ °

~~~~ ~~ 
6 -

- -~ 

_ . _

2 7 ..q r”
- - :‘

~

: . : -
~~~~~~ •~~~~ N 

-

—4 
* •

~
•4 ~~~~~~

N-N-I \‘ 9 0 I 12 — 13

~si-,- .:~~~~~~ :: • . ::

H01 U ~~~~~~ • .  - 
• - i : . .~~~ . . . - . . . - - . - - • -

—*204 66( 0 \~ ~ 6
• ~ -~‘4 ’ , • • -

~~~~.... -‘ t /
0

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

—

~~~

~ \ a— ! 
~~~~ 

-,~~~ is

~ .~
j

~~~ ) A R N S  A 0

~
- ,—- ----

- • 5~~. -~ ~
• .

. 
~ • :•

-
~~~~

-
~~~~~)

~ ~~~~ 
/

BOSTON HARBOR - E A ST E R N  M A S SA C H U S E T T S  N A S I
ME TROPOLITAN A R E A  WAS 1E WATER

M A N A G E M E N T  STUDY

UNIT ED STATES A R M Y  CORPS OF ENGINEE R S

HEW ENGLAND D IV IS ION W A L T H A M . M A S S

N O E S  M A P

S HO W I N G  S O U R C E  M A T E R I A L  FOR

P R E P A R A T I O N  OF S U R F IC A L  - -
G E O L O G Y  M A P S

W H I T M A N  ~ HOWARD INC
t...u.s . ~~~~~~~~ sos ’s. , .~., ~~~~~ -  - -

_ _ _ _ _ _ _ _ _ _

a-

-4 

-rn—-— - -—.---_—-- -—--- --~ ------- - - - -



1. ITT ~ TT~ 1~ •- - “-~~ r —-c~~~~- c—- -,-- ,~.--’-~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ . ~~~~~ —-c~~- - .— vH-.4-,-~.. .,—‘

r P —
~~

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

• 

__________

-“-
~
°
~

-—-1——----- ~~~~~~~~~~~~~ :
• 

~~~~~
‘ 

~~~~~~~~~~~~~~~~~~~~~~ £
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C

j z 0
- 

5 0 A~~~I~~’~~ ~~~~~ ~~iP~T j1iJ} -I ~ A1lllltl1!~~ ~~
‘ 

~~~~~~~~~~~~ An~Ill1?1
~~~ i ‘

i.. I
4 ~~~~.i Z

i s  ~~~IlS (lI
~~~~ A Z  z o ~~~~~ —

t 5’~ ~~!~~
lI
~~ , - W

4~~~~~ u !
~~~~~~~~~ 0 J~~~ . 4 ~

- 

- 
~~~~~~~~~~~~~ r4 E  
~~~ ~~

~~~~~~~~~~ ~~~~~ ‘‘- -
~~~~ ~~~~~ 

- -

5 _ J i , -Q  I~~ ~~~ t.j .
5 7  0 p— z~~4 S~~~~~ ~~~~~~~ Ifl

i 0 5 0 45 5 ~
_
~~ - s•, a

- 0 7  4 O ~~~ t
o w A W  

~~~~~~~~~
SI 

~~~~ eg
f 

_ _ _  

____ 4 
—~~

—~~~ — ~~~~~~ — ~~~—-— — S ~~_~~______ — 
_________________ 

~~~~~~~~ —* ________



r~ 
•:TT-— 

~~~~~~~~~~~~~~ :~.:j_-:::~:::: 1•-: :~ i~~ ~ 
- 
~ TT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • ~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~T ’ °~:T~~ T- I 

~~ ~2a-

- 
H....± —

~V~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~

- 

~~~~~~~
• ~

T _
~~

I
~

•_
:~

•
~~~~~~~~~~~ !I:~!! ~;I~J5 ~ : 

~~

N:I I ~~~ ‘ ‘

~

• ; I ~ ~ ~~ ~ ~~~ k ~~~~~~ ~~ 
. ..~ ~

- - I  I L H g a - i  . 5  ~~~~~~~~~ •~ T~~~
g•

•~~;I
-
~~ I •~~ ~~~~~~~~~~~~~~~~~

I ~~ ~~~~~~~~ ~~~~~ 

~~~~~~~~~~~~ A -H ~ ~ 
~~~~~~~~~~~I I__ i 

~~~~) 
35)  7~~~ • — • - - — • • • • • - —.4 5 7 —  ~ S I •• •••

~~~
::•• • • •

_
_ I  g ~~ ~, ~ .—- —____ __

/~~ ~~~~~~~~~~~~~— 
4

.3’ ~0
• ~~ u~~ -

~ ~~ 
•

22 P4 —4--- _a —i--— —

0
U.

- I  0I z
•0

.

.: =_
0 ~6~2

-
~~
- C ~~ ci C-

~~~~~
• 2  0 

~~

~4; 
_~~~ _. 

~ 2 

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

‘

-
~ 

~~~~~~~~~~~~~~ :: -
J

2~~
-

~~~ I ~

; - A --at - 
~~~~~

j - - -I

~I ~ 
Bs

L - 

En

~~~~~~~~~~~~~~~ ~ ~~~ _ - 
——5--- -

- - - - -
~~~~~~ ~~~—— -—-~~~~-~~~~~~~~~— - -~~~— — -~~~~~~~~~- -5-~~~--~~~ - — -  --— -



~~~~~~~~
- 

—-
-
- -— 4—•-_c-— —~~~~ -~~~- 

~—~—---i_ _
~
___

~
___ 

- 

~~~~~~~~~~~~~~~~~~~ - i ~~ i~i 
—C---- 

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

.-

~~

— 

~

- 
__ __•7

~~~~~

r -  ~~ -~ gP

~~~~~~~~~~~~~~~~~ 
— z

r-\c’
~~~~~ h V L~,

~

4
l
~

0
i __,_y/~ J ~ 

~~~~~ ~
~ ~ ! ~~~ ~~ ~~~ ~~ ~~ 

2! 

‘ 

~

I ~ ~ ~H ii ~~~ !~ ~~ ~~~ ~~

4 ~~~~ ~ u~ ~; ~~~

~~

- 

~ L$~ I’!: ~I

_S6 I4 

0 

‘

~
—
~~~~ 

_;.
.

0

l_.

-~
j ~ Ss - - 

I

- I .

~ ~~~~~~~~~• 

£~~
~ ~

. - 1ll~~~~ I

-
. 

•

~~~ 
,Th

~ ~

1L~j~ - ----b-— __
~
___ _
~_ __ _ __ •__~~i~

___ _



~~~~~~~~~~~~
‘Th--

~i~
;i

~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I—~~~~~~~ 
-:
~~~ 

•—

z
— 0 —

~~~~~ ~ :~~ ~ 
__
~

_ __ _ _~- _ • 7
.—,-I-- ~~~ ‘~~~ 

‘ ~~ ~ ; ~~~ — ;~; : ~~~~~~~~~~ ~ ~

~ ~~~~~~~~~~~ V ~ ~~~~~ —~
_ 

~ I

r 
~~ I 

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

0
• I

I ~ 
~:. ~ ~~~~ 

! 

~ I I

~ ~ 
w 5  

~~!~~0Z ~ ° s  A - :  - •: ~~~~~

~ I ~ ~ ; !:~ ~ ~;r r ~~~

I

4 ~~~

4 I ~ 
•- 

~~~~~~~~ 
~~~ S ~~~~~~~~~~ a! ~~~~~~ ~~~~~~~~

I I ~ ~ ~~~~~~

i 

~~! ~~~~ 
• 

I ~ ~ I[-_---_•-___J 
- 

~ ~! ~~~~ : ~~ ____

4 ~ ~~~~~~~ ~ Li•~••~•~• • S
- 

I-

:~

‘

~ . ~~~~~ ~ 
D ~ :—

~
• 

~ 
1

,~ ~~~~. II Sd~ -

I
-

,. -2,-— ~~ 

~~~ : •

~~ 

,?‘( — - -~~

~~ 

_ 
_~~ l~~~~~~

Jp
,

~~ 
5 ) .

4
IC .-

z ~ I
h: 0.

* 
E 

~~~~ 

I ~~

— ~ ~
a 4~y “

~ ~
..1 

q~1~ -.~~
• C ~ 

4’ ~
A

~~~:*

~ . - 

- q
~ ~ ~

: 

: ~~

-, - 

- 

# 

-
~~~ 

-

~~~~

- -  

I 
~ 

~ ~~~ 

• ~ ~ I- ~ ~~ 

• 0~

~~I- :  
~2tD~ ~ 

- ~i ~~is•:~
I; 

I a ~ ~~
_ i~I~4 I ~I 

: - 

I~~~~ 

~ I- - - - 
- : ~ 

s~Js 
~; II

I 
-

- - -
I- 

_ i I
U

~ ~ .-.- - 
i
i - 

~ ~ I ~ J I — -

~ ? I I I ~~

0
~ ~~~ I -

~ 
-;

~~~1 ~~ 

~; 

_ - 

, 
C 

I h I 1~I 

~ 

--

~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ---— ~~~~~~~~- - ---—---~~~~~~~~~----— --- •— - -  - -  --_—- -- -~~~~ -m-- -_



~ - - -

~~~

-- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -- :~~ —~LL~~° - ______

:

-ii 
- —

~~~ .E~
~~~~~~~~~~~ 

‘~~~ 
I

~~~~~~~~~~~ 
_

~~

— i _ _  -

I ~~~~ 4 !2 o ~~ ~~~~ j S . I 5 -

~~~ I

_ _ _ _ _ _ _ _ _ _  !~ I PLI~
1
~~~ 

~!~~~~~ 
-—

~~~~~~~~~
- — — — ---

5 S W
S U) 5 

•

— — 4 
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I~ •-•---lri’li

~~~~~~~~~~~ E”Vl” 4 I~- - I ~~~~ a f~~~~. ° ~ I ~ L a
~~~~~~~~~~~~~~ ~ 2 ~ 

•
~ I frW -c ~ -

~~ *ø~~~~~~~~ A I  I ~ t ~

~~ci ~~~~~~~~~~1 ___.-t . 
.- ‘ —•---~I

,9ij~*.k~ ~ 
) 

~/ ~~~~~~~~~~~~~~~~~~~~~~~ • I

I
.~w-  

± -~~ -

r~~I L.
• I ~~ a~~ IIL~II~ ~

~~0H11111111r c
I.

- ! a

• ç~~i ‘

~~~~~ 

1 -.e 
I 

S .

_________________ ~~~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~ —— — —  --—~ ~~~ - ~~~~~~~~~~ ~~—S- • -~~~ —



— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ — 
~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ______ 

- -—- -----— 
~~~~~~~~~ 

—

I 

~~~~~~~~~~~~~~~~~~~~~~11
~~ ~~~~

- i  E - 
I

w /

-~ ~~ •

V -

~~~

I

Lci~~~~~~~~~~~ 

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

T 

I 
t•~

- 
- 1

• - —— -— —_ 

~~~~

-—

~~~~~ 

- ---— --- —--—

~~~—— ~~~

—  — -—- - — — --- -- -_

~

—-_ —-

~ 

-

~~~~~~~~ 

-

~~~~~ 

---



F AD—A 036 799 ICTCALF AND EDDY INC BOSTON MASS F~ G 13/2 “NWASTEWATER ENGINEERING AND MANAGEMENT PLAN FOR BOSTON HARBOR — —ETCIUPOCT 75
tN’ICLASSIFIED NL

IR1X U!fl~UP3I~Q I
I



— ~~,w.- -~-~~~~~‘-

Pt

I 
I~~ 1

L 
~ _ _

t~

. ________

— I
I

- I 
~~

p I 

~ ~ ~: 1  I ~ _j~~~~ W~~~: ~~~~~~~~i 0 _i 1 l~~ 
-

~~~

~~~~~I ~~~~ ~~! W w ~~~~ 
g _

I -
- -

~~~

~~~~~~~~Sal —— I ‘ 0 1 4 0 z

Li _  _ _ _ _ _



14 0 ~-I0 0V 4J ).H
0 I l 1 i , 4 1 W  .-I ., l

‘0 I4~~ .$4 .eI
• —l - 4 W ~~~ 0

$1 ~~ Q.0 $i 0 Q )  14 • >  ‘U i-I >.
• 0 O ~~~ ’ U UH 0 •

4) 41 i-I X . Q 4) 4)
Oil o~~ o g v . 0  .014

4J •Ø  41 ~~ Q O”4 ) , N 0 0 4 1
~ .4~~~ UHI4 0

• ~~ 0. J 0~~~4 ) $ 4  >0. 00 r 4  •
N .-l0.C) ~~~4J 0~~ ~~~14~~~ >1

~ .-~~• . Q W W ~~~ ..4 4) ~~~~~
4’ • o .c~~ i-4 0~~~ -4
-i .oo 4) 4) ...~m >  Q~~H 1.1 14
.4 Ur 4  ~~~~~~~~ ~~“4.0 ~~~~ 0 ... .l~~~r4 0  ~~~~ 0 H P.C 14
.0 00’ W W 0 $ 4 ~~4,-4 00’
4’ ~4 •  0.~~~0’ 0 ~4 0
U~ 4) $4 o o . 0 . > ..0 4) 14 •~4,-4 .0 m  0

• .0 HQ, -I SH 10 ~~~ 4d lJ H •$ 4
• >0  0 0) •-4 0 > 0 )  1 4 0 14  .4)

• C 40 r-4 $l’U~~4V~~ ~j r -4 0 0
o 0.0 4) 0 0 0  0.0 41~~~r 4 3 0 ~~4
H X 0  ~I’e 4 w a 0 . . 4  X 0  i 0 0 0  0Ifl~~~
U~ 1 4 4)  U 0~~~- 4 W 4 1  144 ’

U) $4 H
o m 0 cj .o .—o
0. 0 14 1 > 0  1.4 414 ) s ’ U
14 .4 Q)tI.I 0 O4 ~ •~~~ 0~~~~>.~~ ’ ‘-4

41 > 0 0  0. • > 0 ’
o 0 ~c ‘e o~~ o • . 0 0 . 0 0. 4

i-I “4 0.00 0. 0’ ‘U 4) O ’V A 0 U
14 >1 0’U Q .IJ .4 14 U

H 0) >,00 4 0  >.1.i O
o~~ ~~~~0 0 0>, . 0 0  4 )0  •~~$4 4 1 > 0 0  4 1 0  4114 >. X l-) D’0~~.0 0 00’  l O W  .0 .0

U) .0 >~~ ‘U >~~~ 
0 W H O

U O P I U W  0 ~~~ r4 ’0 . 00 0 . 4 1 4
1.. 0 1 4 1 4  U U 4) 0 4 ) 0 . 4 1 4) 0 . 4

• 0 ~ X -S’ U • X . - 4J “4 0 0~~ •
0 04) > 041 •4J 0 >i41~~~’0 4’

• U) -4 ~~—l >,
• Q 4’ 00)4 .0  0 0  • 0 0 0

‘-4 .0 4 10  4 ) 0 0  4 ) 0 0  0 0  0 4 ) 0 0
E4 > P.H’O 0.0’ 0.14 1 4 . 4 1 1 0>  >

H U) 10 >i— 4 0 0  >,-4’U >,—4 0 W ’ ~4 0 0. HO-Il
4-4 0 o~~~’U4) !)1~~~~ 4) i~~’4 . l> 0 ’U H U

14 00’-.4 0 00 ’ >. 0 . 40 00 . 4 ) 4
14 14 1 4 0 4 1>  W S ’ U  140.0 0 0 0 . 0 0 4) 0 4 )

•
U I

1 0  - 4 )0
IJ’O I W . - I >. H I

U ‘U 0~~4 0  o s  0 . - l w E o . 0 4 1 W  HO
0 . 0 . 1 4 0 0  410 IJ • - . 4 ’U Q 0 — I H U  ( O W

0 H 0 00 0 . > 0  14 0 m ~~~~04 ) 4)H.0”4 14.0 .
Z U 0 ) 0 0  • $4 .0 H “4 .rI O di U’
H 0 0 ’ W $ 4 0 ’ 0 4 )  0 - 4  0 . 40 0 ’4 4 ”4 $4 .0 D’O 0 . 0 0 0
~ 0 ‘44 H 0 00 0  0>  0 > O I 4 - l 0 0 0 ” 4 P 4 bl 4 )0 ’ I H
14 -4 0 0  41~~4 0 0. P.~~ 4 1 U H $ 4  01-4
14 4) 41~~~ 0)4 018 >, H $ 4 0 I O $ 4 0 0 0’ O
Z —I >~ >,> 0 0 0  >,0 > , H Q Q ) W 0 ~~~~W W  >. 00’
H ‘0 4114 0 0—1 ,-I 4.) 4 ) 0 0 1 4 0  )4 0 .~ 4J~~.4 ” 4
0 0 “4 ”4 H O . 0’0 41 .4.0 “4 0.~~~0> .  0. 0 —1 0  ‘-4
Z 0 0 0 0 0  041 0 0  0>,  4 1 0 . 0  0 0— I  0 14
14 U .0~~4 - l 00 0  0 >  0 ’000 . - 4 ’-4 ) iO O. 0  .~~ •0. ‘ U U W H U  0.0 0 . O 4 1~~ UHU.’4 4) Q.0

0 I I I H 0 0 0  .0 14 . 0 0  14 ,-I 0 U
0 U 0 0 4)~~~ >sW 00 .  0 U $ 4 4 J H O W  0 0  • 0 0  0
“4 II ’U 1I 0 0 Oco 0’l > • . 0 -4 U  0 0 0
41 0 1 l 0 4 1 0 V0~~ 01.4 t i O O  0 . 0 0 > 0 .  4) 014 )0 . 4
.0 0)4 ,-I 144~~0 0 0.4 0. 0 — 1 0 0) 4 4 1--I 0 . 0 . 0 U
‘U “4 01—IH 0 0  “4 • ‘4 • -.4
0 11 0 0 4) 1-I $ 4 14 0 H 4 ) 0  100 >.
~ I5’0 0 14 .0 >. 0.4 0 . 0 . 4 1 4 0 0 0 0 0 . 00 0 .  00 4)
O 4) 0 ’44 O~~~~l0  4 ) 0 . 4  0 0 0 H> 4 H . O C X W  4 0 - 4
lip ~~~lO 0 . 4 S > U  ~~~ 4 4 1  1X1 ’ I - l> U0 0 . 4J 00 0’ 0  ~~~00

4) 
•

A48



• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~
-

~
-
~~~

—
~~~

-—-— 
~~

—— - ‘~ ‘~~~~~~~ ‘ ‘ ~~~ ‘ ~~
•-“.

~~~~ ~~~ “v

-
,

• 1  .
~~ •

H 41~~~~IU J  “4

• 
~~ OU)O

4.4 ~~~~~~~~~
H O 0 W . 4 0~~ 

4 .  00  -

~~ ~~~14 “4
~~~

’ VH 0 )IV~~~~~~~~~~~~~~~ ~~~4 ,~~ 0 8
U) . 4>  (O .-I -.4 H O .

O-.4 -.4 HO
C 0 H 4J ,-I~~~~HU  4 ) 0  

~~~ 4)

}i
U 4) 0.0 >Z U)
0 0.4 41 0’ 4)
-4 041 0 ‘0 0.0• 41 U~~~ 0 

• Of t.4 J~~~~14
4. 

‘0 N

4) > 0 1 .-I • >1

• ~~~~~~~ 
.0

~ ~j o~~~
-
~~ ~~~~~~~~

• 
•

0 >,~~I-.4 > )., ‘0 0. 4)
X I6-1~~~ 0 014 0 -.4 0
14 1 4 . 0 0 4)  1 40  0. .

0C-. -‘-I 0 0
>1 0 0  I 04 1 0 . - I

‘ U I~~~~~~~
>

~ 14i~~ 
~~

0SI-.I 0 U 0~~~~~~0.0 0  . ‘~~~~~‘ 
~~ 04) 011 ~~ .0 ’

~~~b1~~~~0~~~~$ rJ >0  ‘-4 ~
0 0 W 0 .’ UO. U 0 Il p.0 14--I ~~0 O N O W  • - . - 4 0 0~~~ I4 OH 0’

-‘-4 01- . 4 0 0 1 4’ U 0$ 4 0 14 4) W > -rl ~~~~~ 
~~4) ‘0 ~1 0 0 4) 4 ) ” 4 0 .  ‘0 .0

“4 >.-‘4 -‘e-’ I J O U 4 1 4 1 O • -Q  >r~4 ‘
‘0 4 1 ) 4 . 0 0 0  0 0 O O ~~~ U .41 0 $014

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ O):~::
U 0 4 ) 0  0 0 0 . 0.- I  4) 011 0 d i i  S i l l

0 . 1 4 . 0 01 4 0 0  0 . 0  u.P.
0 0 0 . 4 00 0 . 0  ~~0 0 4 1 W  Of l
0 0~CH ~~~~0.11 . 0 0 4)  i-I 00
4) 01~~g’- 8 . 0 t ) I~~ o1~~ ~.2 I

• 0 0 0 ‘0 -r4 0i 0 -.4 0’ 0

I ~~~~~~~ 1 ~~F 0 • 0 1 I 00 0 4’ 0 0 0 4) W 4 ) 0 . 4  .4 -.4 5lii ~~~0.0 .1 . 4 H U U U 0 r -4-$ 0 m O..0 .0
L ~‘~~~‘U ~~0—  SI-rI

>0 . l i sO OI ISO

H

L~I 
8 

~

‘

h~~~~_ _ _  _ _ _ _  _ _ _ _



7~
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

H

• IV. GROUNIMATER GEOLOGY OF EASTERN M SSPIC}UJS~~T8

A. Source Material and Mapping Procedure

Two different agencies and number of different individuals have
conducted or are in the process of conducting groundwater favorability

• studies in the area, of this study. The studies have been conducted on
a drainage basin basi8. Involved with those studies are the United

• States Geological Survey, and the Massachusetts Water Resources C~~~i~sion .
Published material included two Groundwater Favorability Maps by the
Massachusetts Water Resources Coamdssion (16, 17) two U.S.G.S.

• Hydrologic Investigation Atlases (18, l9~, two Massachusetts Basic I~.ta
Reports (20,21), and an Availability of Groundwater Study (22). Un-
published material included six U.S.G.S. open files reports; of which
four were Groundwater Management River Basin Studies (23, 214, 25, 26)
and two were Water Resources of the Coastal Drainage Basins, (27, 28).
The larger scale maps of these individual study areas were reduced to
produce maps of the same scale as this study. The three mapping units
of favorability were then superimposed upon a screened copy of the
surficial maps . These drainage basin maps were obtained for the whole
study area except for the Cape Cod region. For the Cape Cod region the
data on well yields was used to produce a favorability map . Presently
existing high production wells (300 G. P.M.) were enclosed within the
unit number 1 (300 G.P.M.). Areas with wells producing 100-300 g.p.m.
were enclosed in unit 2. All other areas were considered as unit 3
(100 g.p.m.).

B. Legend Explanation

The legend produced for this study for the favorability of ground-
water is based on U.S.G.S. mapping legends which describe the aquifer

• and the potential. groundwater yield that can be expected from that
• 

• 
aqui fer. This study ’s legend defines 3 categories of aquifers and the
expected yields to be obtained from them. It is a compilation of
descriptions that appear on U.S.G.S. groundwater fa,vorability maps of
various drainage basins. Below are the 3 units and their descriptions :

Aquifer Description

1. Favorable for develop~ nt of moderate to large volumes of
groundwater; saturated thickness generally larger than 140 feet;
generally capable of yielding more than 300 g.p.m.

2. Favorable for development of low to moderate volumes of ground-
• water; saturated thickness generally from 20 to leO feet; gen-

erally capable of yields from 100 to 300 g. p. is.

3. Favorable for developnent of low volumes of groundwater; sst-
• urated thickness generally less than 20 feet ; generally capable

of yields from 0 to 100 g.p.m. with the lowest yields in till.
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This legend should be interpreted as a qualitative description of
groundwater favorabilities. Not all the areas have quantitative data
in the form of actual well yields.
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V. GEOLOGY OF WESTERN MASSACHUS~~ FS

A. Location and Physiography

The area under cons ideration is the western half of Massachu-
setts extending from approximately longitude 710 52’ 30” W to the
western border of the state . The area comprises about 14,100 square
miles. For purposes of this report , the area has been divided into
three major areas, all confined to Massachusetts, as follows: (1)
the Connecticut Basin east of the Connecticut River. This subdivision

• includes all of the area east of the Connecticut River including a
• • 

portion of the French-Quinebaug Basin to the southeast of the Connecti-
cut River. (2) The Connecticut Basin west of the Connecticut River.
(3) The area west of the Connecticut Basin. This subdivision includes
all the land in Massachusetts west of the border of the Connecticut
Basin. The two main river basi-ns In this area are the Hoosic and the
Housatonic.

The most prominent gross physiographic features of the western
part of the state are the Connecticut River Valley and the Berkshire
mountains. Approximately two thirds of the area lies within the
Connecticut River Basin. The topography of the basin is characterized
by the flat lands of the flood plain (wide at the south and narro~ing

• towards the north) which rise easterly to the central highlands o ’ the
state and westerly to the summits of the Berkshire range. The area as
a whole exhibits high relief with elevations in the Connecticut Valley
ranging from 50-120 feet in the flood plain to 2700 feet in the northern

• Berkahires. The highest elevation in the area is 31487 feet at the
summit of Mt. Graylock which stands to the west of the Connecticut
Basin . A pronounced regional linearity is seen by the south flowing
Connecticut River and the north-south direction of the divide along
the Berkshire range . West of this divide in thç study area are the
valleys of the generally north flowing Hoosic River and the south

• flowing Housatonic River. Tributaries to the Connecticut are the
• Deerfield, Millers, Chicopee and Westfield Rivers.

The humid temperate climate o1 the area is typical of the New
a England region. The mean annual precipitation of most of the area is

• tele inches distributed rather evenly over the year , with some of the
Northern Berkahires receiving 148 inches. The average streaa~ runoff
is about 20-214” per year , about half of the annual precipitation .
This figure is exceeded slightly in the northwest highland areas .
Representative mean annual stream flow discharges resulting from this
abundant precipitation and conditions conducive to high runoff are

• approximately 600 ef s (cubic foot per second) for the Millers River,
870 cf’s for the Deerfield, 1050 cf~ for the Chicopee, 920 cf’s for the
Westfield, and 520 cf’s for the Housatonic. The Connecticut River in
Massachusetts has a mean annual stream discharge in the range of 1300-
1500 cfs.
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B. Geolo~ r

The geology of the region consists of both sedimentary and
crystalline igneous and metamorphic bedrock mantled discontinuously by
unconsolidated material of glacial and flu-vial origin. Crystalline
bedrock underlies most of the area and outcrops in the highlands while
sedimentary rock underlies the vicinities of the main stems of the
Connecticut, Hoosic and Housatonic River Valleys. The sandstone and

• shale into which the Connecticut River is cutting were formed approxi-
mately 200 million years ago, during the Triassic Period, and are the

• youngest rock found in the entire study area. There is no evidence re-
maining of any intense geologic activity in the area during the interval
between the Triassic and the advent of glaciation during the Pleistocene
Epoch. This interval of the t ime was characterized by weathering and

• erosion by which the summits of highland areas were worn down and a
thick blanket of eroded material accumulated over the region especially

• in the valleys and other low-lying areas.

During the Pleistocene Epoch, which began 1 million years ago,
large sheets of ice spread over the land from the north. There were
at least four such advances separated by inter-glacial intervals of
varying length. The last advance of ice over the area, termed the
Wisconsin stage, began approximately 80,000 years ago and the area was
free of ice about 10,000 years ago. The moving ice further eroded the
land and picked up and transported the weathered and broken rock
material. As the climate turned warmer, the ice front retreated back
and water flowing from the melting ice distributed and deposited the
enormous quantities of sand, silt, clay and gravel carried by the
wasting ice. Glacial deposits fall into two broad categories; till
and stratified drift. Till (hard pan) consists of unsorted, unstrat-

• if ied deposits of unconsolidated material which commonly contains a
• high percentage of clay. The texture and clay content of till make
• it relatively impermeable. Stratified drift of glacial origin is

• usually well bedded and well to moderately well sorted with the m div-
• idual bed being composed predominantly of one grain size such as sand,

silt or gravel. Stratified material is usually permeable especially
if the grain size is large enough. Subsequent to the formation of the
glacial deposits, much of the till and drift was eroded and redeposited
by later streams and is now found as alluvial deposits along present
stream courses. Much of this alluvium with the exception of clay and
silty clay deposits, is also permeable.

• The maltA ãlstribution of sediments by glacial meltwater and
other streams determine the pattern of the unconsolidated surficlal
material In the area. Till is relatively impermeable; stratified sands,
gravels and coarse silty sand allow for high rates of infiltration;

• 
• clays and silts have a low infiltration capacity and ponding will re-

sult if that capacity is exceeded.
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Figure A25 is a map of the study area showing the generalized
pattern of distribution of stratifi ed drift and tilt . This informa-
tion was gained from publications and maps concernin g the gro~~dwater
favorabilit y of the area . The map is general and is intended to show

L broad depositiona t pattern s rat her than specific locations • It is
• interesti ng to note the general linear and branchin g aspects of the
• 

• patterns of drift reflectin g their origin as depos its from glacial
meltwater flows and other strea m flows .
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APPENDD( B

Potential Land Application Site Identification

I. INTRODUCTION

Since land application in a humid area requires the addition of
water to the soil in excess of vegetative requirements , it is critical

A that factors of topography, soils and groundwater be given due con-
sideration in the site selection process. This Appendix sets forth
the procedures and criteria used in the Boston Harbor-Eastern Massachu-
setts Metropolitan Area Wastewater Management Study to identify and
select potential sites for the application of secondari ly treated
waste’water. Only the land areas in the Coninonwealth of Massachusetts
were considered in this effort.

II. PROCEDURE

A. Land Application Methods

Two of’ the three modes of land application, spray irrigation and
rapid infiltration were determined to be applicable in treating the
wastewaters generated in the Boston Harbor-Eastern Massachusetts
Metropolitan Area. Selection criteria for potential sites were estab-
lished for each mode .

1. Spray Irrigation Site Criteria

a. Soil Textural Class - fine sandy loam to silt loam surface
horizons with similar textures throughout underl ying strata. Soils
with few or no stones.

b. Depth of Soil - minimum of’ five feet.
c. Infiltration Capacity of Soil Surface - 0.25 inches per

hour.
d. Aerosol buffer zone - continuously forested strip with

width equal to distance of throw of sprinkler times height of delivery .
e. Water Table — not within three feet of the soil surface

for more than four consecutive months of the year.
f. Soil Permeability - moderate to moderately-rapid - 0.63-

• 6.3 inches per hour.
g. Slope - 0 to 15 percent.

2. Rapid Infiltration Site Criteria

a. Soil Texture Class - sand or sandy gravel thro ughout the
path of effluent travel.

b. Percolation Rate - moderately rapid to rapid - 2-6.3
inches per hour.

c. Effective length of vertical travel of effluent - minimum
of 20 feet.

Bi 4
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d. Total vertical plus lateral travel - minimum of’ 320 feet.
e. Lateral distance to potable water supply well - minimum

of 1,000 feet .

The general areas of Massachusetts to be examined were identified
• by examination of the surficial geology maps prepared as discussed in

• Appendix A. For finer delineations, it was necessary to utilize the
soil delineations prepared by the U , S. Department of Agriculture . The
soil types that were considered to be suitable for either spray irriga-

• tion or rapid infiltration were grouped into three categories as shown
• below:

(i) Soils with slight limitations for use as spray irrigation
• sites. This group includes the Agawam, Belgrade, Brookfield, Canton,

Charlton, Enfield, Gloucester, Hartland, Melrose, Newport and Suffield
soil series.

(2) Soils with moderate limitations for use as spray irriga-
tion sites. This group Includes the Bernardston, Broadbrook, Carver,
Colona, Essex, Millis, Narragansett, Paxton, Plymouth, Poquonnock and
Warwick soil series.

(3) Soils with slight limitations for use as rapid infiltra-
tion sites. This group includes the EnfJ.eld, Jil.nckley, Merrimac,
Quonset and Windsor soil series.

B. Procedure

Initially, evaluations of soil and geologi c information pertaining
to the lands in the Boston Harbor-Eastern Massachusetts Metropolitan
Area, western Massachusetts and southeastern Massachusetts were
made for sites suitable for land treatment systems . As a result of
evaluati ng spacial distribution and acre age of potential sites and
distance from the wastewater treatme nt facilities to the land sites ,

-• it was concluded quite early that the general area of’ Massachusetts
with the greatest potential for developi ng a land treatment alternative
for the Boston Harbor-Ea stern Ma ssachusetts Metro politan Area Waste-
water Manag-”ment Study was in southeastern Massachusetts • Because of
thi s determi nation , more intensive study of potential land treatment
sites was carried out in this area. Considerable land area, well
suited for treatment of -wastewater effluents , was found in western
Massachusetts . However, the distance of these sites and the size of
individual areas prohibited the deve1o~mient of western Massachusetts
land treatment alternatives for thi s study.

For eastern Massachusetts , exclusive of the Merrimack River Basin,
the soil types discussed above were delineated on copies of the U.S.D.A.
county soils maps which had been reduced or enl~rged to match the
1:211 ,000 scale of USGS topographic maps.
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Next , land use maps drawn from vertical aerial photos and set to
the 1:214,000 scale of USGS topographi c maps for the study area , were
obtained from the Massac husetts Map Down Project (1). Those are as
whose present land usage would allow them to be utilized as land appli-
cation sites at some future date were delineated . Generall y those land
use categories permitting the possibility of future land application
were :

(1) Forested Areas
• (2) Agricultural and Open Areas

Whenever possible , a one thousand foot “buffer zone ” was maint ained
between each designated land application area and any surrounding land
use type which would not be compatible with land application method-
ologies such as residential areas or industrial sites.

The actual selection of potential sites for land application was
now enabled by overlaying the selected soil types by the selected land
use types. Areas where the soils indicated slight limitations for
spray irrigation, and at the same time where shown to be situated in a
land use type compatible with a land application system , were then
delineated on USGS topographic m aps . Similarly, acceptable areas
suitable for spray irrigation with moderate limitations and rapid
infiltration sites with slight limitations were indicated .

The deli neated USGS topographic maps are in file with New England
Division, U. S. Army Corps of Engineers.

• III • P(YrENTIAL LAND APPLICATION SITES IN THE BOSTON HARBOR-EASTERN
MASSACHUSETTS METROPOLITAN AREA

Using the procedures described in Chapter II, the 109 community
area of the Boston Harbor-Eastern Massachusetts Metropolitan Area was
examined for potential land application sites. Table Bi shows the
acreages by application mode and suitability identified within the area
by conununity. Figure Bi indicates the general location, size and

• application mode of these sites.

• IV. POTENTIAL LAND APPLICATION SITES IN WESTERN MASSACHUSETTS

Land sites, with a high probability of satisfying the site selec-
tion criteria set forth in Chapter II, were delineated upon c~lose and
careful examination of the United States Geological Survey 7~ minute
topographic quadrangle maps which cover the area. Further supportive
and background information was supplied by the various geologic maps
and geologic and water supply reports of the area and discussions with
personnel from the USGS and other interested workers.

B3
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TABLE B I

• ACREAGE OF POTENTIA L LAND APPLICATION
SITES WITHIN THE BOSTON HARBOR -EASTERN

MASSACHUSETTS METROPOLITAN AREA

• 
• spray Rap i d

• Irrigation Infi l tration

• Sli ght Moderate 
- 

Slight
t Limitations Limitations Limitations TOTAL

- Town J (A c r e s  ) (Acres ) (Acres ) JAcres)

Ashland 13 13
Bellingham 23 5 235
Boxford 131 71 110 312
Danvers 40 40
Dover 82 82
Duxbury 94 103 [11 308
Franklin 1488 1488
Hamilton 69 69

• Hanover 3 5 93 [01
Hin gham 201 25 6 43 500
Holbrook 50 50
Holliston 696 696

• Hopkinton 17 1 17 1
Ipswich 39 2 15 103 357
Mar shfie ld  539 99 103 741
M edfield 2 13 2 13
Medway 262 262

- • Middleton 79 79
Milford 14 14
Millis 36 36
Norfolk 392 392• Nor th Reading 227 227
Norwell  290 364 129 783
Pembroke 175 28 112 315
Rockland 4 10 14
Scituate 27 251 9 287
Sharon 14 16 26 1442
Sherborn 70 70
Stoug hton 318 318

-
• Topsfield 23 134 5 162

• 

• 
Wal pole 351 35 1
Wrentham 579 109 5 693

TOTAL 8823 1639 859 10, 82 1

• • -~~~~~•- • • • • -- ~~~~~~~~~~~~~~~~ —~~~~~~~~m•~~~~~
• - • • • •~~~~~
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Using the criteria and methods described above, sites judged
suitable for rapid infiltration or spray irrigation were outlined em
a set of topographic sheets covering the entire western )

~ saachuaetts
area. The entire set of’ maps were bound into a folio entitled,
“Topographic Iikp Folio-Potential Sites for Land Application of Waste-
water-Western ~~saachusetts Quadrangles Boston Harbor-Eastern ?4assachu-
setts ?~ tropolitan Area Wastewater }.

~nagement Study” and is on file at
• the Corps of Engineers, New England Division.

• A tots]. of 1421 sites with an inclusive land area of 311,285 acres
considered potentially suitable for land treatment of wastewater efflu-
ents were located. The general locations of these sites are shown in
Figure B2 • The acreages of lands suited for spray irrigation or rapid
infiltration were totaled for each USGS quadrangle sheet (Table Be)

The area was subdivided into three units for better ease and
handling of the data . The areas are: (1) the Connecticut River Basin -
east of the river; (2) the Connecticut River Basin - west of the river,
(3) the area west of the Connecticut River Basin. Each area was treated.
as an individual unit.

During the latter part of August 1973, a field reconnaissance of
several of the selected sites was made . The purpose of the field work
was to check current availability of the sites and to confi rm the
inferred hydrogeologic conditions at a number of sites.

Several bits of• data were gathered and recorded for each site.
Jud~~~nts of open space versus structure type and density was recorded.
Various hydrogeologica]. parameters were examined and noted. An on-site

• estimate of suitability for land treatment was made and if possible ,
an estimate of’ the best mode of land application, which should be
implemented; spray irrigation or rapid infi ltration.

The field reconnaissance was conflaed to sites within the Connect-
icut River Basin and examined areas in the basin both east and west of

- •~ the river. The availability of sites equal to or greater than 50 acres
in size was noted and this data was used to extrapolate availability
and loading at other sites not visited in the field . The sites in the
size grouping of 0—119 acres were ignored in this analysis. Al]. figures
and percentages discussed in this section pertain to those areas in the

• east and west portions of the Connecticut River Basin , but do not per-
tain to the areas west of’ the Connecticut River BUm .

Of’ the 135 sites ranging in size from 50-99 acres, 12 (8.9%) were
examined in the field . Ten of the twelve, or 83.3% of the sites were
determined to be suitable for land application.

There were 69 sites which were equal to or greater than 100 acres
in size . Field examination of 211 of the plots (311.8%) showed that ~~~~,

or 91.6% of these sites appeared suitable for land application.

B6
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TABLE B 2

ACR EAG E OF POTENTIAL LAND APPLICATION SITES
BY MODE OF APPLICATION-WESTERN MASSACHUSETTS

Quadrangle Sp~ ay Irri g ation Rapid Infiltration

Northfield 1385 110
Mt. Grace 335 50
Royalaton 30

• Wichenden 295
Greenfield 1680 1250
Miller. Falls 390
Orange 845 50

• Temp leton 290 4 15
Mt. Toby 2 130 320
Só~tesbury 115 85
Petersham 545 110
Barre 510 265
Mt. Holyoke 1585 110
Belchertown 1090
Winsor Dam 300 90
Ware 565 595
North Brookfield 67 423
Springfield N. 605
Ludlow 1 125 25
Palme r 575 435
Warren  100 235
East Brookfie ld 805 255
Leiceste r 125
Hamp den 400 40
Maneon 140 40
Webster 345 195

• William atow n 135
North Adam s 220
C olrain 50

• Bernard ston 385
Hancock 170

• Cheshire 220
Ashfield 125
Shelburne Falls [75

• Pittsfield , W. 120
H Pittsfie Ld , E. 810

Peru 280 240

4 WilLiams burg 170
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TABLE B2 (contiuned)

Quadrang~~ !p~ay 
Irri gation ~~ p~id Inhjltrat~~~

State Line 4 10 55

Stockbrid ge 340

- • East Lee 485

• Easthampton 920 345

Egrernent 980

Great Barrington 1045

Woronoco 665 165

Mt. Torn 1655 275

Ashley Falls 960

West Springfield 1055
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Oc~~ining the two site categories , the figures show 36 or 201e sites
(or 17.6%) were examined in the field. Of the 36 sites examined , 32
appeared suitable end available for treating wastewater by the ~~thodof land application.

• ~ ctrapolating the information derived tr~~ the field reconnaissance
• to the total area of’ land in the Connecticut River Basin in )~ seachusetts ,

• the appearant suit*ble and available acreage for land application ~~~r
• be estimated. In the group of land sites ranging in size froes 50—99

acres, a total area of 9,130 acres was identified and for the 100+ acre
group, 111,1480 acre.. Field survey data revealed 83.3% of the 50-99
acre size group or 7,600 acres were available. In the 100+ acres size
group, 91.6% or 13,260 acre s were available. Thus , a total of about
21,000 acres in plot sizes of’ 50 acres or more were available as of the
date f  the field survey, August 1973 . (See Table B3)

V. POTENTIAL LAIW APPLICATION SITES IN THE 5O1J~HEASTERN WISSPICHUSETFS
AREA

Utilizing the procedures described in Chapter II , the area of
)~ ssachusetts to the south and southeast of the Boston Harbor-Eastern
1.kssachusetts ?.~ tropo1itan Area was examined for potential land appli-
cation sites. Table B14 shows the ecreagea by application mode and
suitability identified within the area by town. Figure B3 shows the

• general location, alEc and application mode for the identified sites.

VI • SITE RECONNAISSAIICE

In order to confirm the site selection proesdure utilized in the
eastern t.~ssachusetts area, 19 typical sites in southeastern ?.~ ssachu-

• setts were studied in greater detail. Figure BIl shows the general
location of these 19 sites. At each site, the general site conditions,
bedrock and surficial geology and groundwater were examined. An

• evaluation was made of the site as to its suitability for spray irriga-
• tion or rapid infiltretion. Table B5 s iuinp rizes the evaluation of’ each

of the sites.

The following page. are the Inspection and Eviluation Reports of
each site with an accc~~*nyl ng site map.
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TABLE B4

• ACREAGE OF POTENT IAL LAND APPLIC ATION SITES
SITES IN SOUTHEASTERN MASSACHUSETTS

Spray
• Irrigation Rap id

Infiltration

Slight
Slj~ht Mode rate~ Limitations

Limitations 
-- 
Limitationt TOTAL

Town ( Acres ) (Acres) (Acres) (Acres)

Acushnet 56 56
Attleboro 354 39 393
Barnatable 978 978
Berkley 630 13 643
B~urne 4279 863 5 142
Brewster 193 237 430
Bridgewater 107 82 :306 495
Brockton 6 1 6 12
Carve r 1408 156 1564
Darmouth 507 507
Dighton 1072 1072
E. Br idgewater ~ 32 133 165
Eastham • 288 288

• Easton 417 200 233 850
Fairhaven 244 • 244
Fall Rive r 44 12 44 12
Fox boro 703 20 723
Freetown 869 526 55 1450
Ha lifax 5 45 • 50 100
Hanson 4 54 

• 

58
• Harwich • 176 • 176

Kingston 43 • 83 126
• Lakeville 458 573 324 ~355

Mansfield • 733 • 69 113 915
Marion 311 133 107 551
Mattapoisett 1114 157 13 • 1284
Midd lebo r ough 1592 691 865 3148
North Att leboro l 18 45 1 42 5 11
Norton 58 • 10 14 82

• 1 Orlean s 44
Plainvi lle • 19 345 364
Plymouth 3 • 6 190 2304. 8497
Plympton 6 100 126 232



r

Tab 1e 1~ (C ont ’d)
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Spray
Irrigation ~~ap id

• Infiltration

Slight
Slight Moderate Limitations

• - Limitations Limitations 
-

Tow n ( Acre s) (Acre s)  .j Acre s) _)  (Ac res)

• Raynham 475 475
Rehoboth 5 949 57 10 11
Roche ste r 1263 141 398 1802
Sandwich 1188 2247 343~

• Seekonk 35 54 89
Swansea 28 1  281
Taunton 32 47 304 383
Tru ro 1345 1345
Wareharn 44 1036 - 88 1168
Welt fleet 1642 1642
W. Brid gewate r 9 276 12 297
Westport 286 286
Whitman 7 7
Yarmouth 

• - 
96 96

TOTAL 13 , 826 22 , 688 12 , 703 49, 2 1 7

a
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SUMMARY OF EVALUAT ION OF 19 SITE S

-
• • Total Suitability

Site Area for Confidence
No. Location Acres SI. R.X. In Evaluation

1 Hingham &
Norwell 282 FIG Poor High

2 Middleborough 1010 FIG Poor High
• 3 Plymouth 637 Fair Good High
• 4 Mattapoisett 411 Good Poor High

5 Plymouth 835 Fair Good High
6 W. Bridgewate r 200 F/G Poor High
7 Sandwich 1873 F/G Good High
8 Foxboro &• Wrenthain 900 Good Poor Mod./Bigh
9 Truro 702 F/G Good Mod.

-
• 10 Brewster 160 F/G Good Mod.

11 Yarmouth 399 Poor Poor High
12 Barnstable 356 F/G Good Mod.
13 Rochester 471 Good Poor High
14 Sharon 1081 Good Poor Mod.

• 15 Raynhain 295 Good Poor Mod.
16 Freetown &

• Lakeville 643 F/G Poor High
17 Franklin 723 Good Poor Mod .
18 Marshfield 168 Good Poor High
19 E. Bridgewater 80 F/G Poor High

t~

NOTE : R.I. indicates Rapid Infiltration
• S . I .  indicates Spray Irrigation

F - Fair
H G - Good

B16 
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INSPECTION AND EVALUATION OF SITE ].

SITE LOCATION

The site lies in the Towns of Hingham and Norwell in Plymouth
• County. The site is bounded on the west by Accord Brook, on the south-

west by Prospect Street and on the east by Bound Brook. It lies mainly
within the U. S. Government Reservation in Hi ngham and Norwell . The

k ‘ nearest Town is Assinippi, 2 miles to the south.

AVAILABLE DATA

Available information consisted of: U.S.G.S. Topographic ~~p
Cohasset quadran~ le , 1961; Bedrock Geology Map for Massachusetts. B K.
Emerson, 1917,(2) USDA soil survey of Plymouth County-Up4m1 l969;~3)
1971 Massachusetts Land Use and Vegetative Cover Mapping. ~l)

GENERA L SITE CONDITIONS

The site encompasses approximately 280 acres including Prospect
Hill and the area to the south, to Prospect Street. Elevation ranges
from 2140 feet on Prospect Hill to 110 feet along Prospect Street.
Prospect 11111 is one of a number of hills in this low swampy area.

Vegetation consists mainly of soft woods 140 - 6o’ high , of’ a den-
sity of 80 - 100 percent. In the northern and southern limits of the
area hardwoods predominate. Slopes over the whole area are a gentle
3 to 8 percent, steeper in the north portion and flatter to the south.

BEDROCK GEOLOGY

According to B. K. Emerson (2),  the site lies within the Dedham
granodiorite formation, a chlorite, blotite, granodiorite. Chute, ( 14),
describes it as a massive, medium to coarse grained, highly fractured
rock. Depth to bedrock ranges from 5 - 30 + feet.

SUBFICIAL GEOLOGY

According to the USM Soil Survey of’ Plymouth County, (3) halt’ of
the site is covered by Essex very stony coarse sandy loam. The remaining

• 
-
~ half is covered by Scituate very stony loam and Gloucester extremely stony
-3 ~ loamy sand. The Essex profile formed mainly in fi rm glacial till occupy-

ing ground moraines and drumlins • A slowly permeable fragipan of sandy
loam is found at a depth of 2 - 2.5 feet • The Scituate profi le formed
in compact glacial till derived mainly from granitic material. A
moderately slowly permeable fragipan of’ loan~ sand is found at a depth

4 ~ 
‘ of 1 - 1.5 feet.

~~~~~~~~ Bl9
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• The Gloucester profile formed from glacial till derived chiefly from
granite. It occurs mostly on the higher part of rolling ground moraines.
The degree of stoniness of the Gloucester soils at this site and others
may limit the use of these soils to some degree.

Permeability of the Essex profile is rapid above the fragipan but
• slow through the fragipan . The Gloucester profi le has rapid permeability

above the fragipan and slow through the fragipan.
• GROUN]MATER

• According to the U.S.D.A . Plymouth County Soil Survey the seasonal
high water level of the Essex and Gloucester soils is 3 to 5+ feet. The
seasonal high water level of the Scituate soil is 1.5 - 3 feet. General
direction of’ groundwater flow is probably from the center of the site
to the perimeters. Test borings would be needed to confirm groundwater
levels on the site.

EVALUATION

The properties of the soils on this site make them suitable for
spray irrigation application of waste-water with only slight to moderate
limitations. Site number 1 contains no soils suitable for rapid infil-
tration of wastewater without severe limitations.

Examination of the site revealed that there is no new deve1o~ nent
within the boundaries of the U. S. Government Reservation. There are
new houses along the southwest side of Prospect Street but they are at
the very edge of’ the site and pose no problem . There were no other
cultural limitations noted except a lookout tower on the top of’ Prospect
Hill. There was very little underbrush develollnent as the site is
covered by mature forest. Therefore the site can be considered as suit-
able for spray irrigation application with slight to moderate limitations,

• and as unsuitable for rapid infiltration of wastewater due to severe
limitations. This analysis is subject to confirmation or rejection by
more detailed site analysis , including exploration and boring with
respect to groundwater depth to bedrock, and permeability of soils.

- :
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INSPECTION AND EVALUATION OF SITE 2

SITE LOCATION

The site is located in the Town of’ Middleborough in Plymouth County .
• The site is bounded on the west by Sumner Street, the east by Thompson

Street , the southeast by Precinct Street , and the north by River Street .
Plai n Street bisects the site from northeast to southwest. The principal
topographic relief is White Oak Island. The nearest Town is Middleboro,
2 miles to the south.

AVAIlABLE DATA

Available information consisted of: U.S.G.S. Topographic Map
Bridgewater quadrangle, 1962; Bedrock Geology Map for Massachusetts

• (2) U.S.G.S. quadrangle Report, Bridgewater, 1971 Massachusetts Land
Use and Vegetative Cover Mappi ng.( 1)

GENERAL SITE CONDITIONS

The site encompasses approximately 1010 acres . Elevation ranges
from 110 feet in the area of White Oak Island to Ii-O feet near Summer
Street in the west.

Vegetation is mainly mixed hardwoods and softwoods with alternately
• hardwoods and softwoods dominating. Heights range qui te widely from

20 — 80 feet. Crown closure is of a high density of 80 - 100 percent.
• Slopes over the area are slight with approximately half the area less

than 3 percent slope and the other half 3 - 8 percent slope.

• • BEDROCK GEOLOGY

• According to the Bedrock Geology Map for Massachusetts(2) site 2
lies within the Rhode Island formation , a black shale , conglomerate
and sandstone wi Lh beds of coal. The Plymouth county Soil survey(33

• gives ranges of depth to bedrock of 5 - 30 + feet .

SURFICIAL GEOLOGY

According to information derived from the U.S.G.S. C~uadrangle
Report GQ-127 on Bridgewater, and the county soil survey, the site is
approximately half’ covered by Essex soils; the remaining half composed
of mainly Gloucester, Agawam and Scituate soi ls and some Norwell soils .
The Essex soi ls are mainly coarse sandy b arns with small areas of very
stony coarse sandy loam formed from glacial till. The Gloucester soil

• - is a very stony ]oamy sand formed from glaci al till derived chiefly
from granite . The Agawam soil is a fine sandy loam formed in thick
deposits of’ water-sorted sandy material found on terraces along major
tributaries.

B23
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Permeabilities range from rapid in the Gloucester and Agawam soils
to moderately rapid in the upper layers of the Essex and Scituate soils.
The Essex and Scituate soils have a slowly permeable impervi ous zone at
a depth of’ 1.5 - 3.0 feet. Norwell soils which run in a strip across
the southern extent of the site are unsuitable for wastewater applica-
tion because they have a high water table for 7 months or more each

Fl year , and a fragipan restricts downward movement of water.

GROUN ThJ.~~~r ER

According to the Plymouth County Soil survey(3) the seasonal high
water level of’ the Essex, Agawea, and Gloucester soils is 3 - 5+ feet .
The seasonal high water level of the Scituate soil is 1.5 - 3 feet . The
Norwell soil has a depth to seasonal hi gh water level of 0 - 1 feet.
Groundwater flow Is probably from the center of’ White Oak Island to the
perimeters of’ the site. The groundwater of the southern tip most likely
runs north to Beaverdam Brook then follows the stream course to the
west. Groundwater is likely to be at or near the surface in Beaverdam
Swamp and along Beaverdam Brook. These levels are speculative and
detailed test borings or geophysical exploration would be required to
determine actual groundwater levels.

EVALUATION

L 

An examination of the site revealed no new devebop~mnt on the site.
• Present cultural limitations are Plain Street and an auto track near

Beaverdam Brook. Underbrush devebopnent is low. The properties of the
soils on the site make them suitab le for spray irrigation application
of wastewater with slight to moderate limitations. There are no soils
suitable for rapid infiltration of’ wastewater. The Norwell soil in the
area of Beaver Brook has severe limitations for both spray irrigation

- • and rapid infiltra~ )fl applications. Considering all the information
that portion of site 2 not underlain by Norwell soils can be used for
spray irrigation application of’ wastewater if further site investig&-
tions, including test borings, and explorations , confirm the above
information.
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INSPECTION AND EVAUJATION OF SITE 3

BITE LOCATION

The site lies In the Town of Plymouth In Plymouth County . The site
is bounded on the east by Snake Hill Road, on the west by Bare Hill Road ,
and on the south by Federal Pond Road. It lies within the !.~rles Standish
State Forest . The nearest Town is Plymouth 3 miles to the north.

AVAILABLE DATA

Available information consisted of’: USGS Topographic ~&ps Wareham
quadrangle l9~~~ and Plymouth quadrangle 1962 ; Bedrock Geology Map for
Massachu~ç-~ts” ); 1971 Massachusetts land Use and Vegetative Cover
Mapping ‘~ ‘;3eismic Invesj~gations on Cape Cod - Geological Survey
Professional Paper 650-B.’ /

GENERAL SITE CONDITIONS

The site encompasses approxImately 637 acres. Elevation varies
from 200 feet over wide areas of the site, to 130 feet in a depression
in the central portion of’ the site.

Vegetation consists mainly of softwoods from 10 - 60 feet in height
with 30 - 80 percent crown closure. The northern extremes have some
mixed hardwoods and softwoods. There is very little underbrush evident
on the site .

Slopes are generally 3 - 8 percent with some small areas of 8 - 15
• percent. The depression in the center of the site has slopes of 15 - 35

percent.

BEDROCK GEOLOGY

UØçg information from B. K. flnerson’s Bedrock Geolo~y of Massachu-
setts ,~

2
~ and Oldale’s Seismic Investigations on Cape CodU’) bedrock

beneath this site is believed to be granite and at a depth of approxi-
mately 80 feet.

SURF ICIAL GEOLOGY

According to the Plymouth County Soil survey(3) this site is coin-
pletely composed of’ Carver soils of various slope phases. This series

fr consists of excessively drained sandy soils, which formed in thick
deposits of coarse, pebbly quartz sand deposited in outwash deposits
from the last glaciation. Permeability is rapid through the soil and
the substratum beneath. Depth to bedrock is given as greater than 100
feet. 

B27
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GROUNIMATER

According to the Plymouth County Soil survey(3) the depth to sea-
• sonal high water table Is greater than 5 feet. The lack of water in

the depression in Site 3 indicated that groundwater is possibly at a
depth greater than 50 feet in this area for at least part of the year .
Topography indicates that groundwater may move to the west from the
southwestern portion o~ the site . From the eastern portion of the site
groundwater movement may be to the southeast, towards College Pond.
Test borings would be required to determine the actual depth to the
groundwater table on the site.

EVALUATION

An examination of the site revealed no new developnent which is
logical as the site lies within a state forest area. Cultural features
present, pose no problems, as only 3 unimproved roads cross portions
of the site. There are some steep slopes but they are depressions
which are generally fully enclosed within the site, thus creating no
problems of movement of’ effluent off the site down steep slopes. The
properties of the soils on the site make them suitable with moderate
limitations for rapid infiltration application of’ wastewater. The
potential of this site for rapid infiltration of wastewater may pre-
clude its use for spray irrigation application as spray irrigation is
less efficient in terms of volume of wastewater treated. Therefore It
is concluded from available information that Site 3 is suitable for
rapid infiltration with moderate limitations. This Is subject to con-
firmation by more detailed site analysis. Including test borings, and
geophysical exploration, for groundwater levels, permeabilities, and
depth to bedrock.

I
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INSPECTION AND EVALUATION OF SITE ~4

SITE LOCATION

The site lies in the Town of Mattapoisett in Plymouth County. The
• site is bounded on the west by North Street on the south by County Street

and on the northwest by an old railroad grade . The nearest town is
Mattapoisett one half mile to the south .

AVAIlABLE DATA

Available information consisted of: USGS Topographic Map Marion
Quadrangle , 1962 ; ~e4rock Geology Map for Massachusetts(2); Soil Survey
of Plymouth 9u~ty~3~ ; 1971 Massachusetts Land Use and Vegetative
Cover Mapping~ -~; ~~1~itheastern Massachusetts 

Basic-Data Report No. 7,
Groundwater SerIes~u).

GENERAL SITE CONDITIONS

The site encompasses approximately 1411 acres. Elevation ranges
from 100 feet near the north center of the site to 50 feet in the
southern extremes near County Street . The topography gently slopes
down to the ocean 1 mile to the south.

Softwoods dominate in a mixed softwood , hardwood vegetation in the
east central portion of the site . Height ranges from 20 - 60 feet with
mainly dense crown closure of 80 - 100 percent . To the south and west
hardwoods tend to dominate the vegetation, with heights ranging from
140 - 80 feet and high density crown cover of 80 - 100 percent. Under-
brush developuent Is low over the site.

BEDROCK GEOLOGY

According to B. K. E~nerson(2), Site 14 lies completely within the• Dedham Granodiorite formation, a chioritic , biotite, granodiorite.
Chute (14) describes it as a massive medium to coarse gralned, highly
fractured rock. The Plymouth County Soil Survey (3) gives a range of’
depth to bedrock of 5 - 30 + feet.

SURFICIA L GEOLOGY

According to the Plymouth County Coil survey(s) the site is covered
• - mainly by Gloucester soils and a small amount of Essex and Scituate soils .

The Gloucester soil is an extremely stony loamy sand derived from granite
glacial tills. The Gloucester soil has rapid permeability throughout the

• profile. The small areas of Scituate and Essex soils have good perniea-
bilities in the upper layers but both contain slowly permeable fragipans
at a depth of from 1—2.5 feet. A strip of unsuitable Brockton soils

• - 
runs northwest to southeast splitting the Gloucester soils in two The
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• Brockton soils are poorly drained in nature, and the high water table
make it unsuitable for waste-water application.

GROUNWATER
• Accordi ng to the Plymouth County Soil ~urvey(3) , Gloucester and

Essex soils have seasonal high water tables of 3 - 5 + feet . Brockton
soil has a seasonal high water table of’ 0 feet . Groundwater movement
in the area is probably generally away from the 100 foot contour in all
directions and also towards the southeast along with the surface drainage

• pattern. A well located very near the site had a recorded level of’ 5
feet açgqrding to the Southeastern Massachusetts Basic - Data Report
No. 7,~ ~~.

EVALUATION

An examination of the site revealed no new developsent within the
site. Present cultural limitations are insignificant. There is one
unimproved road which crosses the site . Underbrush developsent is low
due to the presence of a large amount of mature softwood cover. The
properties of the Gloucester , Scituate , and Essex soils on the site make
them suitable for spray irrigation application of wastewater wi th
slight, (Gloucester), to moderate, (Essex, Scituate), limitations. The
Brockton soil is unsuitable for waste-water application by either ~~thod.

• Therefore, Site 14 is reconm~nded for spray irrigation excluding the
strip of Brockton soils. This conclusion is subject to confirmation
or rejection based on more detailed site investigations. This would
Include test borings , and exploration to determine groundwater levels,
dept h to bedrock and soil permeabilitles.
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INSPECTION AND EVALUATION OF SITE 5

SITE LOCATION

The site lies in the Town of Plymouth in Plymouth County . The
site Is bounded on the west by Red Brook , on the south by Head of Bay

• Road , and on the east by Valley Road . To the south and north lie a
number of cranberry bogs and small ponds of various sizes. The site
is cut by a pipeline , a power line , and two roads. White Island Road ,
and Bourne Road . The nearest Town is Buzzards Bay , 2 miles to the
south.

AVAIlABLE DATA

Available information consisted of’: USGS Topographic Maps , Saga~more
• Quadrangle 1967, ~nd Wareham Quadrangle 1957; Be~~c?ck Geology Map for

Massachusetts ~
2);Plymouth County SoU, ~urvey ‘.-‘ ) ;l971 Massachusetts

Land Use and Vegeta~~ye Cover Mapping ‘~
i-);Southeasterfl Massachusetts

• Basic - Data Report~’ 
).

GENERAL SITE CONDITIONS

The site encompasses approximately 835 acres. Elevation ranges
from 100 feet in the eastern section of the site to 30 feet in the
southwestern corner near Red Brook.

Vegetation consists mainly of mixed softwoods and hardwoods with
sof’twoods dominating the western portions and hardwoods the eastern
porti on of the site. Heights range from 20 - 60 feet. Crown cover is
of a high density 80 - 100 percent , underbrush developnent is low.

Slopes over the site range from 3 - 15 percent. Steeper slopes
are found in the western section and in the northeast, and southeast
corners of the site .

BEDROCK GEOLOGY

According to Oldale (
~~ bedrock in this area is at a depth of’

approximaj~)~y 80 feet. Bedrock is assumed to be granite if B. K.

~~~rson ’s~ ‘ data is extended to the east slight ly.

SURFICIAL GEOLOGY

According to yQQdwOrth and Wigglesworth, (7) and the USDA Plymouth
County Soil Survey~-’1 the site is covered with Carver soil. This series
consists of excessively drained sandy soils, formed in thick quartz
aand deposits. It occupies an outwash plain deposit in the southeastern
part of Plymouth County. Permeability is rapid through the soil and the

M- substratum beneath. t~pth to bedrock is given as greater than 100 feet .

:~~
.
.
‘-
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GROUN~~1ATER

According to the Plymouth County Soil survey(3) the depth to sea-
sonal high water table is greater than 5 feet. Topography indicates a
possible general movement of groundwater from north to south. Of 2
wells at the same elevation as the site 2 miles to the northeast , one

• had a depth to groundwater of 60 feet , the othe r 50 feet • To determine
the actual depth of groundwater at Site 5 test borings would be required.

EVALUATION
I 

• 

An examination of Site 5 revealed no new developsent within the
boundaries . Present cultural features produce no significant problems.
They include a powerline , pipeline and two roads. A number of cranberry
bogs around the perimeter of the site would have to be take n into account
in a detailed survey. Underbrush developsent is low on the site. The
properties of the soil on this site make it suitable for rapid infiltra-
tion application of wastewater with moderate limitations. The potential
of this site for rapid infiltration may preclude the use of spray irriga-
tion , as spray irrigation is less efficient in terms of volume of’ waste-
water treated. Therefore according to data available and preliminary
site investigation, Site 5 is suitable for rapid infiltration application

• of wastevater . This conclusion is subject to reconsideration foflowing
detai l site investigation includi ng test boring , and exploration to
determi ne depth to groundwater tab le and bedrock , and soil per meab ilities.

-

Il
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INSPECTION AND EVALUATION OF srr~ 6

SITE LOCATION

The site is located in the Town of West Bridgewater in Plymouth
• County. The site is bounded on the west by Highway 21i-, on the north

by Walnut Street, and on the east by Spring Street. The site lies
partially within a state forest in West Bridgewater. The nearest Town
is Brockton 2 miles to the northeast.

AVAILABLE DATA

Available data consisted of: USGS Topographi c Map Brockton Quad-
rangle 1963 ; Brockton Quadrangle , GQ-5 1950; Bedrock Geolo~ r Map for
Massachnsetts (2);P].ymouth County Soil Survey (3);1971 Massachusetts
Land Use and Vegetative Cover Mapping (1).

GENERAL SITE CONDITIONS

The site encompasses approximately 200 acres. Elevation ranges
from 110 feet in the northern section to 80 feet in the southeas tern
corner of the site . There has been no new developnent on the site
since the 1971 Land Use Mapping.

Vegetation is mixed hardwoods and softwoods. Softwoods 140 60
feet in height dominate in the northeast central portion of the site.
140 - 60 foot high hardwoods dominate the west central and southern

• extreme s of’ the site. Crown cover is of’ a high density of’ 80 — 100 per-
cent. Underbrush Is moderately dense in hardwood areas around outside
edges of’ site. In the center where softwoods dominate underbrush is

- 

. light.

BEDROCK GEOlOGY

According to the USGS Brockton quadrangle GQ-5 1950, and B. K.
~nerson ’s Bedrock Geology Map for Massachusetts (2),the site lies
completely within the Rhode Island formation, a black shale, conglomer-
ate , sandstone with beds of coal. Chute (14) describes the Rhode Island
formation as an interbedded gray feldspathic sandstone, conglomerate
and noumar ine gray to black slat y shale . Depth to bedrock given by the
Plymouth Count y Soil Survey (3) ra nges from 5 - 30+ feet • To determi ne
the actual depth to bedrock at site 6 , a more detai led test bori ng or
seismic survey would be required .

SURFICIAL GEOLOGY

According to the USGS Brockton quadrangle GQ-5 , 1950, and the
Plymouth County Soil SUrvey (3), the soils on this site era of the
Scituate series. Ninety percent is Scituate very stony , sandy loam.

B39
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The remaining 10 percent is Scituate sandy loam in the extre south-
west corner of the site. Permeability in the Scituate soils is
moderately rapi d in the upper layers but a slowly pezmeable imperivous
zone lies at a depth of 1.5-3.0 feet.

GROUNIMATER

Accordi ng to the Plymouth County Soil survey(3) the seasonal high
water level of the Scituate series is 1.5 - 3.0 feet. Groundwater flow
is probab ly from the north to the south towards a swampy area to the
south of site number 6. Test bori ngs would be advisable to determine -
actual depths to groundwater.

EVALUATION

E~camination of site 6 revealed no new developimnt on site. There
are no interfering cultural features presently on site. The site
contains very little underbrush because of the dense softwood vegetation.
The properties of the Scituate soil on Site 6 make it suitab le for
spray irrigation of wastewater with moderate limitations • Here one of
the limitath na may be a highe r than norma]. groundwater table in the
Sci tuate soil. The site was frozen when viewed but numerous low
swampy areas were noted to the south and east . The actual level of
groundwater on the site is speculative but is probably slightly deeper
as the elevation of the site is 10 - 30 feet higher than the surrounding
swamps. Test borings would be required to confi rm this. Taki ng into
consideration the available data th is site is recomsended for spray
irrigation of wastewater with the usual reser vations for more detaile d
study .

p
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INSPECTION AND EVALUATION OF SITE 7

SITE LOCATION

The site is located in the Town of Sandwich in Barnstable County.
The site is bounded on the north by the Mid-Cape Highway, on the west

• by Sandwich - Cotuit Road , on the east by Great Hill Road arid Chase
Road. A number of’ roads traverse the site : Discovery Hill Road ,
Quaker Meetinghouse Road . A power line cuts the southeast corner of
the site. The nearest town is Sandwich, 2 miles to the northwest.

AVAILABlE DATA

Available information consisted of: USGS Topographi c Map, Sand-
wich Quadrangle , 1957; Geography and Geology of the Region including
Cape Cod (7);seismic Investigation on Cape Cod (5);l97l Massachusetts
Land Use and Vegetative Cover Mapping (1); Massachusetts Basic-Data
Report No. 7, groundwater series (6) .

GENERAL SITE CONDITIONS

The site encompasses approximately 1873 acres running parallel to
the Mid-Cape Highway. The topography is hunmiocky with numerous depres-
sions and irregularities. Elevation varies erratically but ranges f’rom
260 feet to 140 feet.

Vegetation on the site is mixed softwoods and hardwoods. Heights
range from 200 - 60 feet. Densities are irregular, low and high den-
sity distributed randomly over the site . There is little underbrush
on Site 7.

- .  
- SURFICIAL GEOLOGY

According to the soil survey of’ Norfolk , Bristol , and Barnstable
Counties , Massachusetts (8) the soil on this site is Plymouth sandy
loam, light phase . The subsoil below 6” grades to loamy sand to loose
sand which extends below 3 feet. Rounded gravel, masses of’ granite,

• and angular fragments occur in and on the soil. This soil is confined
to hilly land occupying the rough morainic areas in southwestern Barn-
stable County . This phase is characterized as -well to excessively well
d rained .

GROUNThJATER

Jp~ormation from the Southeastern Massachusetts Basic Data Report
No. 7~0) on a number of’ wells within 1 mile of’ Site 7 indicates that the
groundwater level remains relatively flat, not following the land sux--
face topography . Because elevation on the site varies from 260 to 140 feet ,



— ~~~~~~~~~~~~~~ ~:: ~~~

it is probable that the depth to groundwater varies from 200 to 20 feet ,
the greater depths under the higher elevations the lesser depths under
the lower elevations . This is speculative and test borings would be
needed to determine the actual depths to groundwater. But is is very

• likely that the depth to groundwater is everywhere greater than 10 feet,
• and in most areas greater than 30 feet • The existance of’ numerous dry

depressions up to 50 feet deep confirms this.

EVALUATION

Examination of Site 7 revealed no new developnent . This is the
largest of the sites and a number of’ unimproved roads and a power line
cut the site . The properties of the Plymouth soil make it suitable for
rapid infiltration of wastewater . The potential of this site for rapid
infiltration of’ wastewater may preclude its use for spray irrigation as
spray irrigation is less efficient in terms of volume of wastewater
treated. Therefore according to the above data Site 7 is reconinended
for application of wastewater by the rapid infiltration method. A more
detailed survey would be required particularly into the rates of infil-
tration and permeability of the Plymouth soil as little is known about
this old soil.

Bull
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INSPECTION AND EVALUATION OF SITE 8

SITE LOCATION

- • The site lies in the Towns of Foxborough and Wrentham in Norfolk
County. It is bounded on the west by 11. S. Route 1, on the south by
West Street , on the east by Lakeview Road , and on the north by Main
Street . The site lies for the most part within Foxborough State Forest.

• The nearest town is Foxboro, 2 miles to the east .

AVAILABLE DATA

Available information consisted of: U.S.G.S. Topographic Map
Wrentha~n Quadrangle , 19614; Bedrock Geology Map for Massachusett s (2);

-
• Soil Survey of Norfolk, Bristol, and Barnstable Counties (8); 1971

Massachusetts Land Use and Vegetative Cover Mapping (1); Massachusetts
Basic-Data Report No. 10 Groundwater Series (9).

GENERAL SITE CONDITIONS

• The site encompasses approximately 900 acres . Elevation ranges
from 1430+ feet at High Rock in the west central section of’ the site to
190 feet in the southeast corner of’ the site. A radio tower with access
roads ic located just north of’ High Rock. Topography is hilly and
erratic. Some swampy areas are in evidence in the northern and southern
limits of the site.

Vegetation consists mainly of’ hardwoods 20-80 feet in height, with
a crown density of generally 80—100 percent . Son~ small scattered areas ,

- mostly to the south, have lower densities of 30—80 percent. There is
- 

- 
very little underbrush on Site 8 because of the fairly dense forest

• cover. Slopes are erratic but generally are 0-10 percent. Approximately
20 percent of the site has slopes from 10-20 percent.

s BEDROCK GEOLOGY

According to Bedrock Geology Map for Massachusetts (2) the bed-
rock at Site 8 is Dedhazn granodiorite, a chloritic biotite, granodiorite.
Chute ( 14) describes it as a massive , medium to coarse grained, highly

S 

• 
- fractured rock. Depth to bedrock ranges from 5-30+ feet, according to

I the Plymouth County Soil  Survey (3).

SURFICIAL GEOLOGY
- —I

• According to the Soil Survey of’ Norfolk, Bristol, and Barnstable
• Counties (8) the soils on Site 8 are 95 percent Gloucester very stony

loam and 5 percent Gloucester stony loam. The Gloucester stony loam con-
sists of a heavy fine sandy loam, relatively high in silt. The substratum

131+7
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U is stony and gravelly till from granite gneisa and schiat . The stones
consist of subangular end rounded glacial boulders and various sizes
of email stones. These occur on the surface , in the soil, and in the

• till deposit beneath. The deposit ranges from 3 to 25 feet in depth to
• 

- bedrock . The Gloucester very stony loam is a “stonier” phase of’ the
stony loam.

GROUN~~ATER

According to the Massachusetts Basic-Data 1~ port No. 10, Ground-
water Series (9) a well on Site 7 had a depth to groundwater of 60 feet.
Groundwater movement in the area should be generally outward from the

• center of the site from the higher elevations to the lower elevations .

EVALUATION

Examination of Site 8 revealed no new developeent. This site is
not likely to be developed because it lies within a U. S. ?.tlitary
Reservat ion and Foxborough State Forest • Underbrush developnent on

• the site is low. The properties of the Gloucester soil make it suitable
for spray irrigation with only slight limitations. This soil is not
suitable for rapid infiltration application of wastevater. Therefore ,
the site can be recomeended as suitable for spray irrigation application
of ‘wastewater. This conclusion is subject to confirmation or rejection
based on detailed site analysis , includi ng exploration and test boring
to evaluate groundwater levels , depth to bedrock, and soil permeabilities.

B148
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INSPECTION AND EVALUATION OF SITE 9

SITE LOCATION

The site lies in the Town of Truro in Barnstable County. The site
- 

S is bounded on the north by Pamet Road , on the west by the Mid-Cape
• Highway and on the east by the Atlantic Ocean. The nearest Town is

• Truro I mile to the west .

AVAILABLE DATDL

Available information consisted of: USGS Topographic Map Wellfleet
Quadrangle, 1958; Geography and Geology of the Region Including Cape
Cod (7);seisinic Investigation on Cape Cod (5);197l Massachusetts Land
Use and Vegetative Cover Mapping (1); Soil Survey of Norfolk, Bristol ,
and Barnstable Counties, Massachusetts (8) ; USGS Quadrangle Report -
Welifleet GQ-750; Massachusetts Basic-Data Report No. 7 Groundwater
Series (6).

GENERAL SITE CONDITIONS

The site encompasses approximately 702 acres along the eastern
shore of’ Cape cod in the Truro township. Elevation ranges from 150 feet
on the eastern edge of’ the site to 10 feet on the northwestern corner
of the site. A network of unimproved dirt roads exists on the site.

Vegetation consists mainly of’ hardwoods and some mixed hardwood
and softwoods. Heights range from 20 - 140 feet with dense crown cover
of 80 - 100 percent over 60 percent of the area. The remaining leO per-
cent has crown cover of 30 - 80 percent density. Underbrush was of a
low density . Vegetation was “scrubby .” Slopes over the area range
from 0 - 10 percent, steeper slopes exist to the west and north near

- • the Pament River channel. To the east gentle slopes prevail to the
edge of the escarpnent.

BEDROCK GEOLOGY -

• According to Seismic Investigation on Cape Cod (5) bedrock is at
a depth of approximately 1400 feet below mean sea level. This would put
bedrock between 11.10 and 550 feet below the surface.

SURFICIAL GEOLOGY

According to the U.S.G.S. Quadrangle Report for Wellfleet, GQ-75O
this site is composed of older Wellfleet plain deposits derived from
gravelly fine to very coarse sand with many quarzite stones. This is
a highly permeable surficia]. material. Acc9~4.tng to the Soil Survey

• for Norfolk , Bristol, and Barnatable County~°) the soil on this site is
Hinckley coarse sand . This soil consists of a light brown loose coarse
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sand gr ding to bright yellow coarse •and , becoming lighter with depth.
Some areas approach the texture of very fine gravel. The open structure
of the soi l makes it well to excessively well drai ned .

GROUNINATER

Informaflçn from the )~ asachusett s Basic-Data Report No. 7 Ground-
water Seriea(°) indicates that groundwater in the area on Site 9 is at
or just above sea level. Therefore groundwater should range from 10 to
150 feet below the surface. Test borings would have to be run in order
to confirm these depths .

EVALUATION

Examination of the site revealed r~ new developnent. Present cul-
tural features include a network of small unimproved dirt roads, that
would present no problem to a wastewater application program. Some
consideration would have to be made of the proximity of the beach cliffs
and shore on the eastern edge of the site. The properties of the
Ninckley soil make it suitable for rapid infi ltration of wastewater.
The potential of the soil for rapid infiltration mey preclude the use
of spray irrigation on this site as spray irrigation Is less efficient
in terms of vol~sme treated. Based on the data available this site is
recoimnended for rapid infiltration application of wastewater.

I
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INSPECTION AND EVALUATION OF SITE 10

SITE LOCATION

The site is located in the Town of Brewster in Barnstable County.
• 

S 
- The site is bordered on the southwest by Long Pond Road, on the south-

east by the Mid-Cape Highway, and on the north by Nook Road. The north-
east corner extends into Nickerson State Park. The r~ arest Town is
East Brewster. South Orleans Freemans Way bisects the site from west

S to east .

AVAILABLE DATA

Available information consisted of: USGS Topographic Map, Harwich
Quadrangle; Geography and Geology of the Region Including Cape Cod
(7); Seismic Investigation on cape Cod (5) ;  1971 Massachusetts Land
Use and Vegetation Cover Mapping (1); Soil Survey of Norfolk, Bristol,
and Barnstable Counties, Massachusetts (8); USGS Quandrangle Report -
1-farwich GQ - 786.
GENERAL SITE CONDITIONS

The site encompasses approximately 795 acres. Elevation ranges
from 120 feet in the central portion of the site to 11~0 feet in some
small depressions in the southern section of the site.

Vegetation consists of hardwoods and mixed hardwoods and softwoods.
Heights range from 20 - 60 feet. Crown cover is mainly dense; 80 - 100
percent. Approximately 20 percent of the area has a crown cover density
of 30 - 80 percent.

• Slopes are gentle probably not over 10 percent anywhere on the site.

-
_ 

BEDROCK GEOLOGY

According to Seismic Investigation on Cape Cod(~~ bedrock is at
a depth of approximately 330’ below mean sea level.

S SURFICIAL GEOLOGY

According to the U.S.G.S. Quadrangle Report for Harwich , GQ - 786,
surficia]. deposits on thi s site are Harwich outwash plain sands and
gravels. These deposits have very high perrneabilities and low moisture
holding capacilities. ,04ccording to the soil survey for Norfolk, Bristol,
and Barnstable County~~ 1 the soil on this site is Hinckley coarse sand.
This soil consists of a light-brown loose coarse sand, grading to bright

• yellow coarse sand , becoming lighter with depth , some areas approach
the texture of very fi nd gravel. The open structure of the soil and
the great depth of the coarse material beneath makes thi s soil well
to excessively well drai ned .
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I GROUNIMATER
1 AccordIn~ to the ?.~ssachuaetts Basic-Data Report No. 7 Ground-

water Seriea (b), groundwater is at or just above sea level. This varies
somewhat with topography. Therefore the depth to groundwater table

- should range from approximately 10 - 50 feet depending on the elevation
of the site. Test borings would have to run on the site In order to

- 
S 

confirm this.

EVALUATION 
-

Examination of Site 10 revealed that new develo~ment has reduced
the usable size of the site considerably. The Brewster Watershed and

- Conservation Area now occupies approximately the northern li /5 of the
site leaving approximately 160 usable areas bordering on Cahoon Pond

- I to the south. The properties of the Hinckley soil on this site make it
- 

- I suitable for rapid infiltration application of wastewater. This poten..
tia]. for rapid infiltration may preclude the use of spray irrigation on
the site as spray irrigation is less efficient in terms of volume treated.
Based on the above data this site is reconmended for rapid infiltration
application of wastewater. This evaluation is subject to further study

S on the usable 160 acres including test boring, and exploration, to
determine groundwater levels and particularly soil permeabilities.
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INSPECTION AND EVALUATION OF SITE 11

SITE LOCATION

The site is located in the Town of Yarmouth in Barnstable County.
The site is bounded on the north by the Mid-Cape Highway, on the west
by Higgins Crowell Road, on the east by West Yarmouth Road and on the

S south by Horse Pond. The nearest Town is West Yarmouth to the south.

AVAILABLE DATA

Available information consisted of: USGS Topographic Map Dennis
Quadrangle , 1961; Geography and Geology of the Region Including Cape
Cod (7); Seismic Investigation on Cape Cod (5); 1971 Massachusetts
Land Use and Vegetative Cover Mapping (1); Soil Survey of Norfolk,
Bristol, and Barnstable Counties, Massachusetts (8).

GENERAL SITE CONDITIONS

The site encompasses approximately 399 acres. Elevation ranges
from 60 feet in the northeast corner of the site to 20 feet near
Bassetts Lot Pond .

Vegetation consists of softwoods; heights ranging from 20 - 110 feet.
Approximately 70 percent of the site is mixed hardwoods and softwoods
from 20 - 60 feet in height. Crown cover: 50 percent high density
(80-100 percent) and 50 percent low density (30-80 percent).

Slopes over the site are very gentle ; 0 — 3 percent .

BEDROCK GEOLOGY

According to the Seismic Investigation on Cape Cod(~
) bedrock is

a depth of approximately ltOO feet below mean sea level . This would put
bedrock at 141~0..520 feet below the surface on Site 11.

SUBFICIA L GEOLOGY

According to the S9~2~ Survey of Norfolk , Bri stol , and Ba.rnstable
Counties, Massachusetts’ Site 11 is covered by Merrimack sandy loam ,
light phase . The soil is a medium textured loamy sand to 8 inches ,
underlain by loamy sand or sticky sand to 211 inches. Small gravel in
small amounts is encountered in places in the subsoil. The Merrimack
sandy loam occupies gently undulating plains composed of materials
derived chiefly from crystaline rocks and laid down as terrace , outwash ,
or delta deposits. The phase is characteristically well drained.
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GROUNDWATER

According to the So~~1?eastern 
Massachusetts Basic Data Report

No. 7 Groundwater Series~ ~‘ there are a number of borings near the

4 site that were dry to depths of 30 - i-tO feet. These borings are at
S the same elevations as the average site elevation. It is therefore

likely that the depth to groundwater on the site is at least 30 feet.

EVALUATION

Examination of Site 11 revealed that extensive new development n
and around the site has rendered the site unuseable for wastewater
application. The eastern portion of the site has new condominiums and
the western portion has a new school built on the site . There are also
municipal wells on this site .

I
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INSPECTION AND EVALUATION OF SITE 12

I
,

SITE LOCATION

The site is located in the town of Barnstable in Barnstable County.
The site is bounded on the north by the New York, New Haven and Hartford
R R , ,  on the south by U.S. Route 6, on the east by Phinneys Lane on
the west by Old Neck Road . The nearest town is Hyannis to the south-
east .

AVAILABLE DATA

Available information consisted of: USGS Topographic Map Hyannis
Quadrangle , 1961; Geography and Geology of the Region Including Cape
Cod (7); Seismic Investigation on Cape Cod (5);  1971 Massachusetts
Land Use and Vegetative Cover Mapping (1); Soil Survey of Norfolk ,
Bristol, and Barnstable Counties , Massachusetts (8); Southeastern

S Massachusetts Basic-Data Report No. 7, Ground-Water Series (6).

GENERAL SITE CONDITIONS

The site encompasses approximately 357 acres. Elevation ranges
from 1110 feet to 110 feet . Vegetation varies considerably over the
site . Approximately 50 percent is mixed hardwoods and softwoods , with

- 
I hardwoods dominating . The other half is mixed with softwood s dominating .

There are a few small areas of softwoods alone , freights range from I-t O -

-; 60 feet with an area in the west of hardwoods and softwoods from 20 -

110 high. Crown cover density is mainly high from 80 - 100 percent.
Slopes range from approximately 0 -10 percent. The tipography is
slightly hunnnocky with scattered shallow depressions .

— BEDROC K GEOLOGY

According to Seismic Investigation on Cape Cod(5) bedrock in the
area lies at a depth of approximately 200 feet below mean sea level.
Thi s would put bedrock at a depth of 2110 to 31+0 feet below the surface.

SURFICIA L GEOLOGY

- According to the S9~~ Survey of Norfolk , Bristol , and Barnstable
Counties , Massachusetts” 1 the soil on this site is Plymouth sandy loam,

- light phase. The surface soi l consists of medium - textured , light
I sandy loam. The subsoil below 6” grades to loamy sand to loose sand S

I which extend s below 3 feet in depth. Rounded gravel , masses of granite ,
and angular fragments occur in and on the soil. This soi l is confi ned

- - 
to hilly land occupying the rough morainic areas in southwestern Barn-

— 

- stable County . This phase is characterized as well to excessive ly
- - well dzained.

- :

j  

B63

I__ S. -S -S -~~~--
—_____ -- -~~ -S - -S - 

~~~~~~~~~~- —~~~~~~~~~~~ S.--



____ ~
-5

~~~~~~—~~~~
__

~~~~~~~~~~~~~~~ :- T -.---- -

~~~~~~~~ 

s

GROUNIMATER

‘ 1  According to thç ~outheastern ?‘~.ssachusetts Basic-Data Report No. 7
Ground-Water Series ~6 , groundwater levels in two wells within 1/2 mile
of the site are 21 and 29 feet above sea level at elevations of 50 and -

ItO feet respectively. Site elevations range from 1110 to hO feet .
Therefore it is probably safe to assume that depths to groundwater on
the site are at least 11 feet below the surface and in most cases more.

- - Thi s would have to be confirmed using test borings if the site were to
be chosen for more detailed study.

EVALUATION

Examination of mite 12 revea led no new development in the area.
Present ly there are only Ii unimproved roads that cross site 12. Under-
brush development is low in a scrubby forest vegetation . The properties
of the Plymouth soil on this site make it suitable for rapid infi ltration
of wastewater. This potential for rapid infiltration may preclude the
use of spray irrigation on the site as spray irrigation is less efficient
in terms of volume of wastewat er treated . Based on the above information
this site is recommended for rapid infiltration applicatt on of wastewater.
This evaluation is subject to conf i rmation or rejection based on further
study , Including test boring , and exploration, to determine groundwater
levels , and particularly soil permeabilities.

- -Si.

B611



F— S _______________ 
____

I

INSPECTION AND

EVALUATION OF

SITE 13

I.

F

.5

~

1 ~

865

-~~~~~~ -- 
S. — —~~~~~~ -- —~~~ m -



~~~~~
— 
,

5S_~
_.S~

_._ .5:.._
~T:=:: 

- -S. 
— ~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~

‘ ‘ ‘  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~

~ i \_ 6~ 
~~~~~~ -S _ _ _ _ _ _

S 
‘S

-~~ ,pr~~~ 
~~~~ ~

. 
~- ~~~ *s 

- 
- 

N~ç ) 
~

~~~~~~~ 

c - - 

-

:- -
~~ ~~~~~~~~~~~~ 

5 5~~~~ - -

-~~~~ -S-
’ 

- 
‘__ 

i 
- -~ ~~~~~~~ :~~~~~

- ‘ ‘ ~~~~ 
- S~ ~4aanber ’~ Baç~ L1 -

— 
/ 

~-.- S 
—— 

~ 

S

~~-& — - . S 
~“ :

-i;-’ - -
‘ ~. ~ — C 

-

~~~ 
/ 

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

~~
~ ~~~~~~~~~~~~~ —

-~~~ S” 
/~~~~~~ 

5 0
-Si__S 

—
— 5, -S -5

, 
- S’~~— .- -- .. ~ - 

‘- ‘

~ -‘-SS’ /

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

- -~ ~~~~~ 

~~~~~~~~ 

-

~~~~/ - 
— 6 

- I “k:::) ‘
S ~~~~~~5, _ - 

S S - 
~x ‘_ .

— ‘- / “ SIT “ - -L - / 
64 4

: - --~~~~~~~~~~~ - 47 1 AcREs ‘~~\~~~~~~~ - t T
- • 

Stewart ~~ - 
i -~~~ ,, 

- 
- ‘  

I

Bo9 ,~ - 
~- 

~
‘ 

S \ ~~

— 60 
‘ 

-

~ ,

— — : 
— 

*

- -
— I S 5

! 
- - 

- - 
-
~~~ 

• — S -

~~~~~~~ ~~~
- 

~~~ , - 
S 

41 ~~~~~~

S -

S 
~~~~~~~~~~~~~~~ — -T _I ,4~’ - ~~~~ . ‘

~~~~~~~~~ ~~

‘

~~~~~

> — :  ‘-
~ ~f 4j ~U4.~~Cv~~~ - 

- -
. 

S. / 
/ __- 

- \~ ~~~
‘ •
\ 

S n ‘s - ‘

~~~ 
S~~~~~~~~~~~~~~~~~~~~ -~~~~~ C - — J 5. -~~ -

WHITMA N & H OWAR D, INC. F I G U R E  B17I ~ ENGINEERS & ARCHITECTS BOSTON, MASS.



____
-
~~~~~~~~~~~~~~~~

-
~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ 

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

INSPECTION AND EVALUATION OF SITE 1.3

SITE LOCATION

The site is located in the town of Rochester in Plymouth County.
The site is bounded on the west by Walnut Plain Road, on the south by
High Street , on the east by a power line, and on the north by Forbes
Street . The nearest town is the West Wareham area.

AVAILABLE DATA

Available information consisted of: USGS Topographic Map Sniptuit
Pond quadrangle , 1962; Bedrock Geology Map for Massachusetts (2);
Soil Survey of Plymouth County (3) ;  1971 Massachusetts Land Use and
Vegetative Cover Mapping (1); Southeastern Massachusetts Basic-Data
Report No. 7, Ground-Water Series (6).

GENERAL SITE CONDITIONS

The site encompasses approximately 1171 acres. The elevation ranges
S - from 120 feet in the northeast section to 60 feet in the western and

southern sections of the site. The site is traversed by 3 unimproved
dirt roads. The site Is on a small rise just south of Forbes Swamp and
approximately 1/2 mile east of Cedar Swamp. The area to the east and
south is used extensively for cranberry production.

Vegetation on the site :

Height Density Percentage

Softwoods J+o-80 feet 80-100 percent 25

*Softwoods &
Hardwoods 20-80 feet 80-100 percent 50

*}I~~dwoods &
Softwood s 20-60 feet 30-80 percent 25

*Dominant

Slopes on the site are gentle , mainly 3-8 percent .

BEDROCK GEOLOGY

rj According to Bedrock Geology Map for Ma~p~chuaetts (2) the site - ‘

lies within the Dedham granodi orite • Chute~~
) describes it as a massive,

medium to coarse grained, highly fractured rock. Depth to bedrock ranges
from 5-30+ feet , accordi ng to the Plymouth County Soil Survey (3).

B67
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SURFICIAL GEOLOGY

- 
S According to the Plymouth County Soil survey (3) the soils on this

site are mainly Gloucester soils with 2 small sections of Brockton soils .
The Gloucester soils are very stony 1oan~y sand formed in glacial till

- S deri ved chiefly from granite. They occur m~inly on the ldgher parts of
S rolling ground maraines. The Gloucester soil has a high permeability S

- - rate in the profi le and the substratum . Brockton soils are very poorly
S 

dra i ned , with high water tab les throughout the year . For this reason
they are not suitable for wastewater application.

— GROUNDWATER
- 

According to the Plymouth County Soil survey(3) the seasonal high-
S 

water ta ble is 3 to 5+ feet in the Gloucester soils . Accordi ng to the
-: Southeastern Mas sachusetts Basic-Data Report No. 7 Ground -Water Ser ies(6)

- a well within 1/2 mile of site 13 at an elevation of 70 feet had a
I groundwater level 12 feet below the surface. Site elevations range

from 60-120 feet , the re fore the figure of 12 feet to groundwater tab le
is likely approximatio n for depth to groundwater table at site 13. Test
borings on the site would be required to confi rm this approximatio n in
a detailed site survey . -Groundwater movement is probably from east to
west downslope towards Ryder Road .

- 

5 - - 
EVALUATION

Examination of the site revealed no new development . Present
cultural development is minor. Three unimproved roads cut the site .

S A power line passes through the extreme southeast corner of the site.
Underbrush is no problem on this site because of the relatively dense

- - softwood and hardwood vegetation screen above . The properties of the
Gloucester soi l on site 13 makes it suitable for spray Irrigation with

- only slight limitations. The Gloucester soil is not suitable for rapid
- , infiltration application of wastewater. The area of Brockton soils on

S site 13 is not suitab le for ei ther application method because of its
high water table throughout the year . Taking the above information into

I account it Is felt that this site is suitable for spray irrigation
exc 1udlng the T3rockton soil areas , pending further study . This should
include test boring, and exploration to confirm groundwater levels ,
depth to bedrock and soil permeabilities.

H
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INSPECTION AND EVAIJJATION OF SITE 111

SITE LOCATION

The site lies in the town of Sharon in Norfolk County. The site is
bounded on the north by High Plain Street, on the west by Blue Star
Memorial Highway and Interstate 95, on the northeast by Norwood Street ,
on the southeast by Moose Hill Street, and on the southwest by Walpole
Street. The nearest town in Sharon, 1 mile to the east.

AVAILABLE DATA

Avai lable information consisted of: USGS Topographic Maps , Nor-
wood quadrangle 1958, and Mansfield quadrangle, 196!4 ; Bedrock Geology
Map for Massachusetts (2); Geology of the Norwood Quadrangle (Ii);
1971 Massachusetts Land Use and Vegetative Cover Mapping (1); Soi l
Survey of Norfolk , Bristol , and Barnstable Counties , I~~ssachusetts (8).

GENERAL SITE CONDiTIONS

.The site encompasses approximately 1081 acres. Elevation varies
from 530 feet on the top of Moose Hill to 260 feet in the northern
section of the site. Traversing the site are 5 roads, 11 of which are
unimproved dirt roads . A power line runs from southwest to northeast

S through the site.

Vegetation consists of hardwood and softwoods , with hardwoods dominant
over approximately . 80 percent of the area. Softwoods are dominant over
approximately 20 percent of the site. Density of crown cover varies
widely but is approximately 50 percent high density (80-100 percent) and
50 percent high density (30—80 percent).

Slopes on the site range widely (0-20 percent) but most of the area ,
(90%), is under 10 percent slope. The area of steep slopes is located
on the south flank of Moose Hill near the perimeter of the site.

BEDROCK GEOLOGY

According to Bedrock Geology Map for Massachusett s (2) ;  and the
Geology of the Norwood Quadrangle ( 14); the bedrock under thi s site is
Sharon Syen.ite, a n~ dium grained syenite.

SURFICIAL GEOLOGY

According to Geology of the Norwood Quadrangle( 11~ the surficial
material on site 111 is ground moraine and kame terraces . The ground
moraine consists mainly of sedimentary material derived from volcanic ,
gra.rtitic, and dioritic igneous rocks that produce gray sandy till. The

B7l
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kame terraces are composed of pebble and cobble gravel containing some
S interbedded sand . A large gravel pit 1/2 mile northwest of site 114 has

exposed horizontal beds of pebble and cobble gravel containing some
interbedded pebbly sand and a few boulders. Accgrding to the Soil Sur-

S vey of Norfolk, Bristol, and Barnstable Counties~8) the soils on site
- 5 114 are Gloucester stony loam, Gloucester very stony loam and Gloucester

sandy loam. The Gloucester stony loam consists of a heavy fi ne sandy
loam, relatively high in silt. The substrata is stony and gravelly till
fran granite gneiss and schist . The stones consist of subangular and
rounded glacial boulders and various sized smaller stones . These occur

S on the surface, in the soil, and in the till deposit beneath. The
Gloucester very stony loam is a “stonier ” phase of the stony loam. The
sandy loam is a less stony phase of the stony loam. The Gloucester
soils are rated as well drained soils.

GROIJNIMATER

There is no direct information concerni ng the groundwater levels
S 

on site 114. A seasonal high water level of 3-5+ feet for the Glouces~e
soil series can however be taken from the Plymouth County Soil Survey l.3
and extended to the Gloucester soils in Norfolk county with sane degree
of confidence.

EVALUATION

Examination of site lii- revealed that no new developuent had occured
In the area. There is presently a Dept. of Public Works water reservoir
ju st outside the southern boundary of the site . The site is large
enough, however, to avoid placing any treatment areas that might cause
contamination near thi s area. Underbrush is moderate to heavy on the
hill to the west of Moose Hill Row!. This might create some problem
in implementation of a spray irrigation system. The rest of the site
has little or no underbrush due to the mature forest cover screen above .
A number of small unimproved roads traverses the site along with one
power line. A lookout tower sits on top of Moose Hill. The properties
of the Gloucester soil on site 114 make it suitable for spray irrriga-
tion application of wastewater with slight limitations • The Gloucester
soil Is not suitable for rapid infiltration application of’ wastewater.
Therefore , it is concluded that site 114 is adapt able for spray irriga-
tion application of wastewater pending further confirming study. This
would include the usual: test boring and geophysical exploration to

- 

I 
determi ne groundwater levels , depth to bedrock , and soil pernieabilities.
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INSPECTION AND EVALUATION OF SITE 15

SITE LOCATION

The site is located in the town of Raynham in Bristol County. The
site is bounded on the northwest by Route 21i, on the northeast by Locust
Street , on the north by King Street , and on the south by Judson Street .
The nearest town is Taunton 3 miles to the west.

AVAIIABTh~ DATA

Available information consisted of: USGS Topographi c Map Taunton
quadrangle , 1962 ; Bedrock Geology Map for Massachusetts (2); 1971
Massachusetts Land Use and Vegetative Cover Mapping (1); Soil Survey
of Norfolk, Bristol, and Barnstable Counties, Massachusetts (8);
Plymouth County Soil SurVey (3) .

GENERAL SITE CONDITIONS

The site encompasses appro,dmately 295 acres. Elevation ranges
from 110 feet in the northeast corner to 30 feet in the western sections
of the site.

Vegetation on the site is an extremely erratic mixture of hard-
woods and softwoods. Heights range from 20 feet to 80 feet • The crown
cover density is hIgh, 80-100 percent.

Slopes on the site are even and gentle, usuallj less than 5 per-
cent.

3 BEDROCK GEOLOGY

According to the Bedrock Geology Map for Massachusetts(2) bedrock
in this area is the Rhode Island Formation, a black shale, conglomerate,
and sandstone with beds of coal . Depth to bedrock ranges from 5 to 30+
feet. Test boring would be required to determine actual depths of bed-
rock on the site .

SURFICIAL GEOLOGY

According to the S9~~ Survey of Norfolk , Bristol , and Barnstable
Counties , Massachusetts”°1 the surficial materials on the site are
Gloucester series covers approximately 80 percent of the site . The
Mansfield series covers a small strip in the northwest arm of the site.

The Gloucester sandy loam is derived from sandy till of mixed
origin; from granite, gneiss, with some sandstone and slate. The Mans-
field sandy loam occupies depressed positions in uplands and along
smaller streams. It is derived from glacial till and Is differentiated
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0 fran Coloma sandy lawn by its poor drainage . Permeability rates are
0 high in the Gloucester sandy loam. The Mansfield sandy loam would have

•~0 a lower rate of permeability due to its poor drai nage characteristics.

GR(RJNIMATER

According to the Plymouth County Soil survey (3) and the Soil Survey
of Norfolk, Bristol and Barnstable Counties, Massachuaetts(8) the sea-
sonal high groundwater level for the Gloucester sandy loam is 3 to 5+
feet. The Mansfield sandy loam has a high water table, usually within

- I 3 feet of the surface. Groundwater movement on the site may be train
northeast to southwest and south, flowing downslope and following the

0 drai nage pattern towards I~m Lot Brook .

EVALUATION

Examination of the site revealed no new develoiinent except along
Locust Street along the edge of the site. Present developnent includes
only 2 small unimproved roads that cut portions of the site. There is
very little underbrush due to the extensive softwood forests on the site.
The properties of the Gloucester soils on the site make them suitable
for spray irrigation application of wastewater with slight limitations.

I The Gloucester soil is unsuitable for rapid Infi ltration application
of wastewater. Therefore site 15 is reconmEnded for spray irrigation
application of wastewater. This recomendatlon Is subject to confirma-
tion or rejection based on furthe r study of the area including, test
boring and exploration, to determine groundwater levels, depth to bed-
rock, and soil permeabilities.

i . ;
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INSPECTION AND EVALUATION OF SITE 16

SITE LOCATION

The site is located in the towns of Freetown and Lakeville in
Plymouth and Bristol Counties. The site is bounded on the north by How-
land Street, on the west by a cranberry bog and pond, and on the south
by the Plymouth-Bristol County border. The nearest Town is Assonet.

AVAILABI~ DATA

Available information consisted of: USGS Topographic Map Assonet
Quadrangle, 1963; Bedrock Geology Map for Massachusetts (2); Plymouth
County Soil Survey (3); Soil Survey of Norfolk, Bristol, and Barn-
stable Counties, Massachusetts (8); 1971 Massachusetts Land Use and
Vegetative Cover Mapping (1); Southeastern Massachusetts Basic-Data
Report No. 7 Groundwater Series (6).

GENERAL SITE CONDITIONS

The site encompasses approximately 611.3 acres. Elevation ranges
from 2I~O feet on the top of a hill in the central portion of the site
to 120 along the western perinieter of the site.

Vegetation consists of hardwoods and mixed hardwoods and softwoods
with hardwoods dominant over 90 percent of the site. The remaining 10
percent is mixed with softwoods dominant. Heights range from 20-80
feet. Crown cover density is high, (80-100 percent).

Slopes over the site are a gentle 3-0 percent, with the steeper
• slopes to the west towards the cranberry bog. The top of’ the hill has

• 
• 

the most gentle slopes.

BEDROCK GEOLOGY

According to Bedrock Geology Map for Massachusetts(2) the site lies
within the Dç~1~wn Granodiorite formation, a chioritic, 

biotitic, granodio-
rite. Chute” )  describes it as a massive, medium to coarse grained ,
highly fractured rock. Depth to bedroçk~ranges from 5—30+ feet accord-ing to the Plymouth County Soil Survey’3 1• A well located on Site 16

• had a depth to bedrock of 11.2 fç9~ according to the Southeastern Massachu-
setts Basic-Data Report No. 7.~°)

SURFICIAL GEOLOGY

According to the Plymouth County Soil survey(3) the soils on this
site are the Essex, and Gloucester soils. The Essex soil is a very
stony coarse sandy loam, and the Gloucester is a very stony fine sandy
loam, with firm substratum.

:~. B79 



The Essex series is a well-drained soil formed in fi rm glacial
till, occupying ground moraines and smooth rounded hills. At a depth
of 2-2.5 feet Is a fragipan of sandy loam. Permeability is rapid above
the fraglpan, but slow through the tragipan.

The Gloucester series is a well drained soil, derived chiefly from
granite , occurring mainly on the higher parts of rolling ground moraines.

- j Permeability rates are high through the soil profile and substratum.

GRO~~~~ TER

A~cord1ng to the Plymouth County Soil survey
(3) the groundwater

seasonal high levels are approximately 3~ 5+ feet below the surface for
both the Gloucester and Essex soils .

EVALUATION

Examination of Site 16 revealed no new developuent . Present cul-
tural develo~mient includes a cranberry bog adjacent to the western
boundary of the site. Possible contamination of this cranberry bog would
have to be considered before the site could be utilized for wastewater
treatment. There Is little underbrush on the site because of the forest
cover. The properties of the Gloucester and Essex soils make them suit-
able for spray irrigation application of wastewater with slight, (Glou-
cester), to moderate, (Essex), limitations. These soils are not suitable
for rapid infiltration. Site 16 i~ therefore reccumnended for further
study to confirm or reject its tentative suitability for spray irrigation.
Reconmended further study includes test boring and exploration for ground-
water level, depth to bedrock, and soil permeability.
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INSPECTION AND EVALUATION OF SITE 17

SITE LOCATION

• The site is located i~ the town of Franklin in Norfolk County.The site is bounded on the north by West Central Street, on the west by
Maple Street, on the soixth by the New Haven and Hartford Railroad, and

• on the east by Grove Street. It lies mainly within the Franklin State
Forest. The nearest Town is Franklin approximately 1 mile to the east.

AVAILAB1~ DATA 
—

Available information consisted of: USGS Topographic Map Franklin
Quadrangle, 19614; Bedrock Geology Map for Massachusetts (2); Soil
Survey of Norfolk, Bristol, and Barnstable Counties (8); 1971 Massa-
chusetts Land Use and Vegetative Cover Mapping (1); Plymouth County
Soil Survey (3).

GENERAL SITE CONDITIONS

The site encompasses approxImately 723 acres. Elevation ranges
from 1410 feet Forge Hill in the center of the site to 250 feet In the
northwest corner of the site. Forge Hill Road traverses the site
directly over the top of Forge Hill, running from northeast to the west.
Spring Street cuts the northwest corner of the site. A power line cuts
across the northeast corner.

Vegetation consists of mixed hardwoods and softwoods (50 percent of
the site) and hardwoods alone (50 percent). The hardwoods range In
height from 20—60 feet with a crown closure density of 80-100 percent.
The mixed hardwoods and softwoods range in height from 20—60 feet with
a crown closure density of 30—80 percent.

- 
- BEDROCK GEOLOGY

According to the Bedrock Geology Map for Massachusetts(2) bedrock
in this area is part of the Bellingham conglomerate, a mashed granitic
conglomerate, and the Milford Granite, a biotitic granite with blue
quartz.

SURFICIAL GEOLOGY

Acc9~4ing to the Soil Survey of Norfolk, Bristol, and Barnstable
Counties” / the surficia]. material on this site is composed of Gloucester
very stony loam and Gloucester stony fine sandy loam. The Gloucester

• very stony loam Is composed of a shallow glacial deposit occupying hills
• and ridges . Here it covers the slopes and top of Forge Hill. The

Gloucester stony fi ne sandy loam is a well drai ned soil formed from
light stony sandy till.

- 
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Both these phases of the Gloucester series are highly permeable.

- 

GROUNLMATER

Groundwater in the Gloucester soils can be found at a depth of 3-
- 5+ feet dur4n~ seasonal high water, according 

to the Plymouth County
• Soil Survey”3” . Groundwater flow on the site should be north and south

away from Forge Hill.

- 
- EVALUATION

Examination of Site 17 revealed no new develoi*nent of the site.
The site will probably remain undeveloped because it lies mainly within
the Franklin State Forest. Presently there are 3 small unimproved roads
and a power line which cut the site. Underbrush developnent is low
because of’ the canopy provided by the forest vegetation cover above.
The properties of’ the Gloucester soil make it suitable for spray irriga-
tion application of wastewater. The Gloucester soil is unsuitable for
rapid infiltration application of wastewater. Therefore Site 17 is
recommended for spray irrigation, subject to confirmation or rejection
by more detailed study including test boring, and exploration to deter-
mine groundwater levels, .depth to bedrock, and soil permeabilities.
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INSPECTION AND EVALUATiON OF SITE 18

SITE LOCATION

The site is located in the Town of Marshfield in Plymouth County.

The site is bounded on the west by Main Street, on the east by Barnes

Way, and on the south by Furnace Street . The nearest Town is Marsh-

field 1.5 miles to the southeast .

- • AVAILABLE DATA

• Available information consisted of: USGS Topographi s Map, Duxbury
Quadrang le , 1961; Bedrock Geology Map for Massachusetts (2); Plymouth
County Sol]. Survey (3); 1971 Massachusetts Land Use and Vegetative
Cover Mapping (1).

GENERAL SITE CONDITIONS

The site encompasses approximately 168 acres . Elevation ranges
from 2140 feet at the southern perimeter to 100 feet in the southeast
corner .

Vegetation on the site is composed of mixed hardwoods and soft-
woods, with hardwoods dominating. The heights range from 140-60 feet and

crown closure density is 80—100 percent.

Slopes over the site are moderate, from 3-8 percent in the eastern

half of the site, and from 8-15 percent in the western half of the site.

BEDROCK GEOLOGY

• According to Bedrock Geology Map for Massachusetts(2) the bedrock
in this area is part of’ the Dçç1l~wn granodiorite 

formation, a chioritic,

biotitic, granodiorite. ~~~~~~~ describes it as a massive, medium to
coarse grained, highly fractured rock. Depth to bedroc~ ~azzges from
5-30+ feet according to the Plymouth County Soil Survey~

3 .

SURFICIAL GEOLOGY

According to the Plymouth County Soil ~urvey(~~ th~ surficial
material is Gloucester very stony loe~ r sand. This material has a high

rate of permeability through the profile and the substratum beneath.

Gloucester soils are well—drained soils , formed in granitic glacial tills.

They occur mainly on uplands In parts of the rolling ground moraine.

GROUNDWATER

The depth to seasonal high water level of the Gloucester soils Is
•. 3..5+ feet . Groundwater in this site probably moves from east to west

downslOpe towards Main Street .

B87
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- EVALUATION
-
• Examination of this site revealed no new development on the site.

- There is no cultural development evident on the topographic quadrangle
sheet . Underbrush is very low as a mature forest covers the site.
The properties of the Gloucester soil make It suitable for spray irri-
gation application of wastewater. The Gloucester soil is not suItable
for the rapid infiltration method. The site is recoianended for spray
irrigation application with consideration for further study to confirm

- or reject the data available for the site. Further study should include

-
. detailed test boring and exploration to determine groundwater levels,

depth to bedrock, and soil permeabilities.
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INSPECTION AND EVAWATION OF SITE 19

SITE LOCATION

The site lies in the Town of East Bridgewater in Plymouth County .
The site is bounded on the east by Bedford Street , on the south by
Highland Street, on the northwest by Winter Street , and on the west by
Elm Street. The nearest Town in East Bridgewater, one mile to the
south.

AVAIlABLE DATA

Available information consisted of: USGS Topographic Map, Whitman
Quadrangle, 1962; Bedrock Geology Map for Massachusetts (2); Plymouth
County Soil Survey (3); 1971 Massachusetts Land Use and Vegetative
Cover Mapping (1).

GENERAL SITE CONDITIONS

The site encompasses approximately 80 acres. Elevation ranges
from 190 to 150 feet.

Vegetation on Site 19 is composed of mixed hardwoods and softwoods
with hardwoods dominating. Heights range from 20 to 60 feet and crown
cover density is 80—100 percent.

Slopes over the site are low, 3—8 percent. Site 19 lies on a
small gentle rise surrounded by a nuzflber of small swamps.

BEDROCK GEOLOGY

According to the Bedrock Geology Map for Massachusetts
(2) the bed-

- • rock in this area is part of the Rhode Island formation, a black shale,
conglomerate, sandstone with beds of coal. Depth to bet~rqck ranges from
5-30+ feet according to the Plymouth County Soil Survey~

3 .

SURFICIAL GEOLOGY

-
• According to the Plymouth County Soil ~urvey (3) the soil on Site

- 19 is Essex very stony coarse sandy lows. The Essex profile formed
mainly in firm glacial till occupyiflg ground moraines and drumlins. A
slowly permeable fragipan of sandy loam is found at a depth of 2-2.5
feet . Permeability of the Essex profi le is rapid above the fragipan

hro gh fragi Pan 
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GROUNDWATER

According to the Plymouth County Soil survey(s) the seasonal high
water level of the Essex soil is 3 to 5+ feet. Groundwater movement on

1 the site is likely to be from the center outward towards the perimeter.

- 

EVALUATION

• Examination of Site 19 revealed no new development. There is pre—
sently no evidence of cultrua]. development anywhere on the site. Under-
brush is moderate on the site. The properties of the Essex soils make

- 
them suitable for spray irrigation application of wastewater with moderate
limitations. They are not suitable for rapid infiltration application

• of wastewater. Site 19 is recommended for spray irrigation application
- of wastewater • However the usual detailed survey should be made of the

site, including test bori ng , and exploration to determine groundwater
level, depth to bedrock and soil permeabilitles.
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