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Subject: Town of Plymouth, MA, Hastewater Facilities Plan Draft
Dear Hr, Hannigand

In accordance with Article 2.1.4 of our agrecment datad
November 17, 1981, we are submitting the draft report of the
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this report.

Thnis report was prepared in accordance with the require-
ments of the Federal Water Pollution Control Act Amendments of
1972 and the Clean Water Act of 1877, the United States
Environmental Protection Agency, and the Massachusetts Division
of Water Pollution Control.

' Very truly yours,
HwTCALF & EDDY, IHC.
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Eu;jje 5, Grafton
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

The North Plymouth area is served by an existing
wastewater collection systems and wastewater treatment plant
(WHTP). These facilities are unable to accept additional flow
because of the limited capacity of the WWTP, Shortcomings in
treatment plant performance, due to the combination of flow
overloading and the lack of adequate sludge deyatering
capabilities, frequently result in effluent suspended solids
concentrations in excess of discharge permitrrequirements.
Plymouth's old and deterilorated sewers and interceptbrs allow
large volums of infiltration and inflow {(1/1) to enter the
system, compounding the problem. Sections of Plymouth Harbor are
closed to shellfishing because of occasional bypassing of raw
wastewater during wet weather periods, while other sections are
closed primarily because of stormwater runoff from the urbanized
area,

The portion of West Plymouth north of Route 44 and east of
Plympton Road (Route 80) has no existing wastewater-related
problems but cannot presently be developed according to its
zoning. This is because it overlies the recharge area of the
North Plymouth Well and is protected by the Town's Aquifer
Protection Bylaw, which limits the on-lot disposal of domestic
wastes in the area to 330 gallons per day per 40,000 square feet

of area and prohibits the on-lot disposal of nondomestic wastes.
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On-lot disposal systems surrounding Bartlett Pond in
Manomet have been identified as a potential public healtn
problem. Almost none of the on-lot disposal systems in this
area meet current code requirements. A large number of lots have
such nigh groundwater or are lJocated so close to surface water-
bodies that the replacement of failed on-lot disposal systems on
these lots will likely be prohibited by local and State
regulatory agencies.

A detailed analysis of alternatives to provide a long~term

solution to the problems in Manomet resulted in the

recommendation of the installation of a separabe wastewater
collection, treatment and disposal system for that area. Because
of the desire of the Town to remove restrictions on industrial
and commercial development in the portion of West Plymouth east
of Plympton Road and north of Route 4k, alternative collection
systems were also investigated to serve this area. It has been
proposed that the expansion of the existing WWTP include capacity
to accept wastewater from this area. On-lot disposal systems
should be retained in all other areas of the Town, as Lhey are
viéble in the long term in these areas. Steps to inpcrease long-
term viability of these systems are included in this report.
Several alternative treatment and disposal scenariocs were
evaluated for North Plymouth. A wastewater treatment system
utilizing the existing WWTP site and the conventional activated
sludge pﬁccess with the discharge of secondary ef fluent via an

extended ocean outfall and diffuser was determined to be cost
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effective. The diffuser would be located in Goose Point
Channel. Treatment capacity would be increased to 4 mga, the
chlorine disinfaction system would be improved, and mechanical
sludge dewatering would be provided by ipstalling pelt filter
presses ip a new sludge processing building. Sludge cake would
fgé étabilized with lime and trucked to the Manomelb andfill for
disposal.

An I/I reduction program would be undertaken and
deteriorated portions of two of the Town's major interceptors
would be replaced. improvement would also be made to the Town's
Night Soil pisposal Faclility.

A wastewater treatment system using -aerated facultative
lagoons 1is recommended for Manomet, with discharge to & rapid
infiltration (land disposal) system. The recommended site for
this facility ijs in the puffer zone of Boston Edison's pilgrim
Nuclear Pawer Station, east of Edison Access Road.

Conclusions

As a result of this study of the wastewaber problems and
alternative solutions for the Town of plymouth, we have concluded
the following:

i, The existing WWTP ig overloaded and has been subject’

to frequent discharge permit yiolations.

5, There 1is inadequate sludge dewatering capacity to

handle axisting WWTP needs.

3. Thne existing wastewater collection system {s subject

to excessive infiltration and inflow.
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. Pportions of the Cordage and Harbor Interceptors are in

need of replacement.

5. Rag and odor problems have Deen associated with the
Night Soil Disposal Facility on Long Pond Road.

. B6. Sewers must De extended into the portion of West
plymouth north of Route 4y and east of Route 80
(Plympton Road) to permit the full development of this
area allowable under its original zoning.

7. Severe problems have beend jdentified with on-lot
wastewater disposal systems in the portion of Manomet
surrcunding Bartlett Pond. Thne problems include
evidence of at least occasional bacterial
contamination of Bartlett Pond and White Horse Beach
and widespread non-compliance with Title 5 of the
State Sanitary Code. Continued long-term use of on-
ipt systems, even with improved standards and
operation practices, is not feasible in these areas,
and a phased sewer construction program is recommended

8. Two separate wastewater treatment and dispoéal

- facilities are recommended: 2an expanded f-mgd
facility Lo serve North and West Plymouthn, which would
discharge secondary effluent to plymouth Harbor
through an extended outfall, and a new 0.35 mgd
facility to serve Manomet, which would discharge to
the land at a newvw site located on the Fdison Access

Road
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Recommendations

it 1is recommended that:

1. the_faoilities plan b€ submitted_to the State pWpe for
review and soncurrence;

2, ‘the Town take apprpprigtq_gggps_to Fe??}?ﬁ,?“????ﬂ@}?ﬁ
issues necessary to implement this facilities plan,
ineluding the support of legislation which would
permit the ToWn to obtain a yarilance to the Qcean
ganectuaries pcty and

3, the Town jnitiate ateps toO submit a Step 2 grant
application for design of the recommended Facilities,
in accordance with the schedule of cémpliance
contained in the Town's NPDES permit igsued in January

1984,
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CHAPTER 1

INTRODUCTION

Purpose_and Scope

The densely populated northern portion of Plymouth is
gerved by an existing wastewaker collection system and a
secondary wastewater treatment plant.(NNTP}. While the plant is
a relatively neu facility (placed {nto operation during 1969,
the caollection system is: in mos% locations: Very old and is
subject to inFiltrationfinflou {171} problems. Wastewater flouw
at tha WWTF. whieh currently serves about ane third of the Town's
residents and comnercial and industrial development, exceeds the
WWTP design capacity of {1 75 million gallons per day (mgd).

Wastewater disposal for the unsewered portion gf the Toun
is by means of on—lot subsurface disposal systerns consisting of
resspools oT septic ﬁanks Fpllomed by leaching systems. Some
speas in Town have experienced on~lot uastewater disposal
problems over Yhe years.

This Facilities plan Report is {ntended %to define the
needs forvr additional wastewater colleckion and disposal
facilities ov aother measures which will alleviate existing and
potential wastewaher disposal problems. The studies and
evalutions are in agcordance with the requirements QF the
Massachusetis Department of Environmental Guality Engineering
(DEGE} and ﬁheiFederal Water Poliutieon Control Actk Amendments of

1972 and 1977 (Public Laws $2-500 and 95~217 7.
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The aim'qF this study i the selection of an
envirunmentallq sound: cost-effective plan which will be
consistent with locals vegional: Gtate anhd Federal goals. This
report will be the basis upon'which the Town can make gound

decisions regarding future wastewaterT managenent. nf major

gignificance i < ghe planning orocess is the consid sration of
using the development® of wastewaber facilities in the management
of grouth in Plymouth.

planning Ares peccription

The Touwn of plymouth 1ies along the coast pf Cape Cod Bau
approximatelq a5 miles south of Boston. The Town liles within
piymouth county and epcompasses 3 gotal land aresa of nearly
&3, 000 acres. The Toun is bounded on the east by Cape Cod Hay
and on the remaining poundaries by the touns of BouTne: Jareham
Carver and Kingstunf In terms of l1and area: jt is the jargest
municipality in Masgachusetts and has one of the longest
coastlines. The Myles Standish Gtate Forest: containing
approximatelq 10, 000 acres: is locaked in the couthwestern part
of Plymouth.

The planning srea of this study, shoun in Figure 1-1.
includes the political boundaTies of Plymouth and the Rocky Nook
;ection of the Toun ot Kingston to %Lhe noTth. The area in
Kingston was jncluded 3D the planning area by State and Federal

regulatery agencies €0 that the cost-ef?ectiveness of pnssible

regional $acilites could be investigated
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none of the above shudies were conducted {n accardance
wikth the concept g¢ the Btep { Facilities planning process: and
each lacks spveral components which are currently required-
including an environmental asseéement, ccstéeffectiVeness
5?3}9??5} ?p%iltﬁgﬁ@pﬁ{}ﬂf}m@ aﬁalggfsf gnd ggbyic parﬁigipgﬁion.

although rhe Toun uf Plymouth is cyrrently 3 member of ghe
0ld Celony pranning Council (ocPcy. the Toun was ineluded 1N the
Areawide Water Guatliby tanagement® Flan (2089 plan) completed underT
the direction of SRPEDD. The SRPEDRD planning was conducted ynder
gection 208 of the Federal Water pollufion Control Act. and is
intended tO develop regicnal ctratengies for achievement of uate?
quality goals. The draft 208 Flan wWas published in August 1977
and wWas reviewad and commented ON by the constituent
communities. The final pepor b wWas puhlished in Februarty 1978.
Solufions and reCDmmendatinﬁs developed within &his Facilities
plan are intended Yo pe conpatible gith the overall proposals
which have been developed by SRPEDD.

aAn iﬂf;lﬁration/in?luu analysis of the existing callectien
system was initiated by Metcalf % Eddy duving 1980. The draft
raport 18 {n¢luded &s Appendix J of this Facilities plan.

1 addition ¢p the abave studies: several studies af the
water quality in qumcuth’s ponds have been conducted during the
past feu years, These gtuytdies ave identi%ied in Chaphter 4,
public Particigation

Conaistent® with Seckion 1oite) of ghe Clean Waser Act and

a0 CFR (Code of Federal Register? pary 23 and part 3% ggbpart E:
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the 201 Gcnsulﬁant Engineer the EPA: the Btate Agency: E1S
Contractor and the grantee (Town? shall pravide £Fom encourage!
and assist public par%icipation in the facilities planning
process. This gacilities plan has followed & wgyll-scale”
participatinn program jp accordantce with the regulataTy

-rrequirement& as heveinbe%ore-statedr-~A~program for public’
agareness and input has beedn conductked during this gtudy, The
definition of "public“ includes Touwn boaTds and afficials as well
as State and Federal agencies. Mee%ings with local groups have
been held throughout ghe course of the study. The program
jncluded the following:

1. Establishing a care group of citizensy the Citizens
Advisory Committee (caC) te help initiate the
fagilivies planning process.

2. Selection'of a Public Participatiun coordinato’ (PPC).

3, The distr%bution of a Needs survey (questiOﬂnaire) o
the public in order to obtain their input on
wastewater dizposal problems.

4, Coverag® in the aresa newspapers regarding the status
and findings during the study.

5. Public meetings (workshops) designed YO inform the
public gor the projecs’s staktus and findings® and to
optain cigizen input.

L A gormal public hearing uhere cancernet citizens could
pbtain 3 summary of the p?OJECt and have their inpu®b

eantered into the PTDJECt $ormal record.

7018RO0301 plymouth 17 BB Jb o2/29/84




This program is highlighted in greater datail in appendix I of

this Teport.
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CHAPTER 2

‘

WATER GUALITY AND EFFLUENT g TANDARDS

GET\E‘P&].

el ——

after callection: wastewaber must be zreated and disposed

pf vsing methaods ghich satisfy gtandards put gorth in state and

Feaeral w;tev quality legislation. The standards:s {pn essence
egtablish minimum treatment requirements which nust he catisfied
by all greatment and disposal alternatives.
Massach05etts Water guality gtandards

in 1978: the Division of Uater pollution Control (pwpcy of
the Magsachusetts Department of Envivonmental quality Engineering
adopted the Massachusetts tdater qualtity gtandards. In these .
standards: the waters of the State are designated under three
classes gach fov Frgsh waters ant marine wateTs. The
classi?ication consists of designated vses which the waters are
tg serve: and the ctandards specify water quality criteria which
are to be met fov each class of waters.

Freshwater 0T inland waters arve defined as rivers:
ckreams: ponds: itakes: impcundments. fut not groundwater; and
include the following classiFications:

Class A ~ Haters assigned to this class aTe designated for
yse 35 4@ cource of public wakter supply.

Class B ~ Haters asgigned %o this class aTe designated for
“khe uUseSs of protection and propagation of fish: other
aguatic 1ife and wildlifei and for primaty ({e.g. swimming
and water skiing! and secondary {e.g. gishing and
boating’ contact recreation
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class € — Haters sssigned to thig class are designated far
the uses of protectinn and pvopagation of fish: gther
aguatic 1ife and wildlife: and for secondary contact
recreation.

Within the Town of plymouth, Greatb south Pond and Little South

Pgnd are classified as Class A The remaining surface waters are

----- -~ Class - R

Coastal and Marine waters include the following
clasai?ications:

Class SA - Waters assigned o this class are dzsignated
for the uses and protection and propagaticn af fishy other
aguatbic 11fe and wildlifei forv prinary and secondary
contact recreation: and for shellfish harvesting without
depuration ip approved areas.
Class BB ~ Jaters assigned to thig class ave designated
$or the use of protection and prOpagation 0§ fish, other
aguatic 1ife and wildlife: forv prinary and secondary
contact recreabiohni and for chellfish harvesting with
depuration (Restricked Ghellfish preas)
Ciass 8C -~ Waters assigned to this class 3TF designated

for the protection and prapagation of Fish: other aquatic
1ife antd pitdiifai and for secondarTy conkact racreation

gurfate waters in Plymouth sub ject %o the vise and fail of the
tide arve classified SA The coastal waters along plymouth’s
shoreline: Plymouth Bay and Plumouth Harbor arve also jesignated
Class B5A. However: the Harbor falls short of sA gqualitys due %0
aycessive hacterial contaminabron. chellfishing has thus been
claosed in this area (as discussed in Appendiy B}

associated with thece ckassiFicakiDns are minimum
nomerical and narrative 1inits en poliuﬁants. pumerical rriteria

sre used wherever 1% is rpasonable to do s0. However: narrative

criteria arve also necessarty in some €ases: particularlq with
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respeckt to gecthetic considerations.

applicable

The following criteria aT®

tp watevs in Piumouth:

ﬁarrative Reguirements $or All Uaters

parameter

raraffis »= -

i. Aecthetics

na

Rad{oactive
Suks tances

3. Tainting
substances

4. Colorvy Turbidity,
Total guspended
Solids

9. gil and Grease

CDB-7018900302 plymouth Fac.

Criteria

Wl A ———

All waters ¢hall be free from
pallutants in concentrations ar
combinations that:

a, Settle £a form obJectionable
depositsi

L. Flopat as debriss, scum oF other
matter to form nuisancesi

c. Produce'obgectionable cdot.
colar. tashe or turbidityi or

4 Result in the daminance of
nuisancée species.

ghall not exceed the recommended
1imits of ghe United states
Environmental protection Agency ’s
Mabional prinking Water
Regulations.

in concentrations ov
combinations ¢hat produce gndesir~
able flavers in the edible portions
of aquatic grganisms.

shall nok be

in cancentrations oT
combinations that would exceed the
Tecommended iimits an the mos?t
sensitive receiving yater use

ghall not be

The water syt face chall be free
$rom floating gile; grease and
petrochemicais: and any concentra~
tions OF conbinations in the watevw
column of sediments that are
aesthetically obJectionable ot
deleterious t0 the biota aTe
prohibited. For oil and grease of
petroleun origin the max imu®
allowable discharge coﬂcentratinn
is 15 mg/l.
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&, NutTients Shall not pxceed the site-specific
1imits necessaty ta controel
accelerated or cultural

sutrophication.

7. Other Waters shall be gree fram pollu-
Constituents tants 1R concentrations or
caombinations that:

a. Exceed the recommended l1imits
on the most sensitive receiving
waker usei

b Injure, are goxic tas avb
produce adverse phgsiological
or behavioral responses 1im
huymans oF agquatic 1ifer ol

c. Exceed cite~specific safe
exposure levels determined by
hipassay Using gensitive
resident species.

The following additional minimum criteria are appticable
to freshuwater classiflcations:

Numegricel Rgggirements for Class A Haters

gy Class & wo ==
Faramefer Criteria

1. Dissolved Oxygen Shall be a Ainimum of 2.0 mg/l in
wara water fisheries and a minimum
of &.0 mg/l in cold wateT
fisheries.

2 Temperature Shall no%t exceed 83 deg. F (28. 3
¢eg C) in uarm water fisheries aT
o8 deg. F (20 deg. c) in cold water
fisheries ner shall the rise
resulting from artificial arigin
cxceed 4.0 deg. F (2. 2 deg. cl.
3. pH 45 naturally occuTs.
4, Total Coliform Shall no% eyce=d a leg madan fgr a
Backteria cat of samples of 50 per 100 ml
during any monthiy sampling_peria¢
5. Turbidity None other Than of natural origin.
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& Total Dissolved Shall not_exceed 500 mg/l.

Solids
7. Chlorides Shall not exceed 230 mg/l.
g, SBulfates ghall not exceed 250 mg/1.
o, Nitrate gShall not exceed 10 mg/l ds

nitrogen.

nNumerical Reguifements for Class B, Natérs

1. Dissclved pOyygen Shall be a mininum of 5 0 mg/l in
warm water +isheries and & minimum
of &.0 mg/l in cold water
fisheries.

5 Tempevature ghall not erceed B3 deg. F (28.3
deg. C} in warm water fisheries oT
&8 deg. F (20 deg. C) ip cold water
gigheries noT shall the rise
resulting from artificial origin
exceed 4.0 deg. F (2.2 deg. €Y.

3. pH Shall be in the range of &5 - 8.0
standard uriits and nat more than
0.2 units putside of the naturally
sccurring range.

4, Fecal Collform Shall nok eyceed a log mean for a
Bacteria cet of samples af 200 pev 100 ml,
nor shall more than 10 percent af
the total samples axceed 400 per
100 ml during any monthly gampling
period; except as provided in 314
cMR 4.02(011%.

The following additional ninimum eriteria ave applicable

to coastal and marine waters:

Numerical Peguirements for Llass oA Waters

parameter Criteria

Parametel, Criteria
1. Dissolved Oxygen ghall be 3 ninimum of 6.0 mg/l.
- Temperature Mone except where the increase will

nob axceed Hhe recommended limits
on the most sensitive wabter use.

CDB“?OEEROOBOZ plymouth Fac. 2-5 BB: jb pz2/29/84
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3. pH Ghall be in the Tange of 6.5-8.3
sfandatrd units and not more than
0.2 unite outside of the naturally
peccuTing range.

4. Total Colifor@m Shall nok eyceed a median vaiue of
Bacteria 20 HMPN per 100 ml and not moTe than
107 of the samples shall exceed
230 MPN per 100 al in any monthly
sampling period. '
Mumerical Re sirements foT Class SB Waters

_;_ﬂ___,f__,____F_W_,_____f.__w_F

1. Dissolved OxygenDn Shall be a minimum of &.0 mg/l.

2. Temperature None excepf wherTe the increase will
not exceed the ?ecommended Limits
on the most sensitive water use.

3. pH Shall be in the Tange of 6.5 - B.9
and not meve than 0.2 units gutside
of the naturally occurying rangég.

4, Total Coliford Shaitl not gexceed a median value of
gacteria of 700 11PN per 106G ml and not mare
than 20% of the samples shall
excped 1000 tPN per 100 ml during
any monthly sampling period: except
as provided in 314 CHMR 4. 02(1).

The following sntidegradation praovisions of the Gtate
Water Quality Standards (314 oM 4. 00 ave rolevant %o the waters
of Plymouth:

Sectigﬂ#ﬁhgﬂLg) Frohggiigghgﬁkﬁjgh Guality WateTs. From
and after the date these regulations become effective:
waters dJesignated by the Division in 314 CMR 4.05(3} whose
quality is oF becomes consistently higher than that
quality necessary to susftaln the national goal uses shall
be mainkained st that higher level of quality uniess
timited degradation is autbtorized by the Division.

Limited degradation @ay pbe allowed by the Division &s &
variance from this regulatian 4s provided in

Section 4, 04l&).

Saection 4. QALZ) Protection of Low Flou Waters, Certain
waters will be designated by the Division in

gection 4. 05(5) of these standards for protection undeT
this section due te their inability to accept pollution
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discharges. New OF incveased discharges of pollutants to
gaters 30 designated are prohibited gnless 2 variance i5
granted by the pivision &% provided in Section 4, 0A(HY}.

gection 4. 04(3) control of Eutroghicatinn. The discharge®
of nutrients: primarilg phosphovus or nitrogemn: to wabers
of the Commonwealth will be 1imited oF prohibited by the
pivision &% necessary o prevent excessive eutrnphicatinn
of such waters. There shall pe no new °ov jncreased dgis—
charges of nutrients into lakes and ponds: arv pributaries
theveto. gyisting diECherges"centéihiné nutrients which
encourage eutrophication or grouth of weeds ©OT algae shall
be greated. Ackivities pwhich may result in non-point
discharges of pukrients shall be conducted in accordance
with the best management practices reasonablq determined
gy the pivision to be necessary %o preclude or minimize
suth discharges of nutrientsﬂ

section 4, 048} Variances. A variance to authorize &
discharg® i1 wateT qesignated gorm protection ynder gection
4. 04(2) may be allowed by the pivision where the applicant

demonstratee that:

a. The proposed degradation witl not result in water
qualitq jess than epecified gor the classi and

4. The adverste economic and social impacts epecificallg
resul®ting from impositicn of controls more stringent
than secongary greatment to maintain the higher water?
quality are substantial and widespread im comparison

to otheT aconomic tactors and ave not warranted by &
cpmparison of the sconomic: gocial and othev hbenefits
to the public resulting fyom maintenance aof the higheT
gquality waber.

{n addition to bthe abover the applicant for a variance %o
authorize @ dischatrg#® jnto wateTs designated for
protection undet gection a.04(3) must demonstrate that:

C. aAlternative means of disposal arve nok reasonably
available OF feasible

eahn gantyaries act

Maseachusette Oc

pilymovth Harbor and piymouth Bay aTE ijpcluded 1D the Cape
Cod Bay Ocean Sanctuaty onder the Maseachusetts Ocean ganctuaries
Aot M. 6. L. ch. 132h, 5% 14 to 16 and 18, This law pvohibite

any neu discharges of wastewater jnto the ganctuary and also
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prohibits any increase to a licensed

December B 1971,

Chapter BE.

Federal Effluent Oualitg_Standards

The basic Federal water poliution

gb jectives are embodied

Amandments (Public Law g2-5C0).

facilities,

Sections 201(b) (1) (B} and
vegacondamTy treatnent” by July I 1977
or June 1. 1978 for new construction:
stringen® timitation: ircluding those
water quality standards, oT schedules
established pursuant to any State Lauw
any otherv Fedaral law ov regulation:
implement any applicable uater qualit
pstablished pursuant to this Ack. "

t2) (B} and 201(9)(2){A}
wastewaher

Section 301(b)
BPWTT (best practicable
by July 1s 1983,

gection 101 of the Act ctates that ",

geal that the discharge of pollutanta
waters bhe eliminated by 1983, "

These goals: 3§ amplified

are discussed further belou.

Secondaty Treakment. Ac defined imn

tha EPA iIn august of 1973, and as modified

The implications of this lauw avre discussed

For municipal

discharge exyisting as of

in

con{rol requirements and

in the 1972 Water pgllution Control Ack

treatment

three goals are assnciated wikh these requirements:

(c) of the Act require

for existing plants
and “any more
necessary to meet
of compliance:

or regulations...oOF

or required toO
y standard

of the Act require

treataent technology)

Lik is the pational
into the navigable

in guidelines issued by the EF A

quidelines jscued by

in July of 1976

secondary treaktment generally maang greater than 83 percent

remaval of BODJ (5-day tioschemical o¥xygen demand)

colids (S58}).

cpp-7018R00302  Plymouth Fac
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The following specific criteri

and suspended

a must be met:

BB: b 02/29/84



Weekly Monthly

Parameter AveTage Averag@
BODS 45 mg/l 30 mg/l
515 4% mg/l 30 mg/1
phi &0 - 9.0 4.0 - 2.0

Monthly average for BODS and 55 shall not exceed 1D percent of
the mean of influent sampies collected at the same time
(85 percent removall.

The above criteria apply to all direct discharges %o receiving
waters. in the case of BODS and 85 menthly and weekly averages
are defined as the arithmetic mean of values foT efflvent samples
collected over a period of 30 and 7 tonsecutiye days: respective-
1y. The limitation for fecal coliform bacteria has been deleted
from EPA’S definition of secondary treatment. The State will
determine disinfection requirements based on water quality and
local needs.

PPWTT ~ General. In its guidelines fFor BPWTT, PRM 79-3
Attachment F: the EPA has defined three vastewater management
techniques: and developed criteria defining the effluent
characteristics to be attained £pr eath. The three techniques'
are'! (1) treatment and discharge: (2) land application of
was tewater, and (3} treatment and rveuse of wastewater.

BRWIT for Treatment and Discharge. This guideline defines

BPWTT for publiclg—owned treatment works employing greatment and
digscharge into navigable waters 3% achieving:. as 3 minimum, the

treatment attainable by the application of secondary greatment as
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defined in 40 CFR (Code of Federal Requirements) 133, Appendix C.
Requirements for additional treatment, or atternative management
techniques, will depend on several factors including availability
of cost-effeckive technolegy: coet and the specific characbteris—
tics of the affected receiving water body.

pPWTT for Land ppplication Technigues. Criteria are
defined for BPWTT gor land application technigques suth as spray
irrigation rapid infiltration (in?i1ﬁration~percolation)r
overTland floun and evaporabtion ponds. Where the wastewster
refurns via an underdrain system to a point—sourcCE discharge into
navigable watere: the crifteria are the same as &those far
treatment and discharge as @iven abeve.

For purposes of establishing pligibility for grant
gunding, the discharge of pollutants onto the land should not
degrade the aiv: land or uater {(navigable GF groundwater). and
should net interfere with:

1. The attainment ov maintenance of public healthi

2. State and iocal land use policies water guality.

‘protection of public water suppligs: agriculture: and
industrial usersi

3. Propagation nf a balanced pepulation of aquatic and

tand flora and faunai and

4. The pecreational activities in the area.

pccording Ho EPA Regqulations: the grounduater resulting
from the land applicatbtion of wastewater including the atfected

nahive grounduwater shall meet the foliowing criteria:
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Case 1., The groundwater can potentiallq be used for
drinking water supply

1, The maximum contaminant levels for inorganic chemitcals

and organic chemicals specified in the National

Interim Primary Drinking Water Requlations {40 CFR
141) (Appendix D) for drinking water supply systems
should not be exceeded except as indicated below {see
Mote 1}.

2. 1+ the existing concentration of a parameteT exceeds
the maximin contaminant levels for inorganic chemicals
or organic chemicals, there chould not be an jntcrease
in the concentration of the parameters due to land
application of wastewater.

Case 2. The grounduater is used fov drinking watev
sypply.

1. The criteria for Case 1 <hould be met.

2. The maximum microbiological contaminant levels for
drinking water supply systems specified in the
MNational Interim Primary Drinking Water Regulations
(40 CFR 141} (Appendix D! should not be exceeded 1in
cacges uhere the groundwater ic wused without
diginfection (see Mote 1),

Case 3. \Uses other than drinking uater supply

i. Grounduater criteria should be established By the
Regional Administrator based on the present ov
potential use of grounduwater.

The Regional Administrator in conjunchkion with the
appropriate State officials and the grantee shall
determing on A gite—by—-site hagsis the avreas in the
vicinity of a specific 1and applicatien cite where the
criteria in Case 1, 2 and 3 shall apply. SpeciFicaliq
determined shall be the monitoTing requirement appropriate
far the project gite. This determination shall be made
with the obgective of protecting the groundwater for use
as a drinking water supply and/ovm gther designated uses 8s
appropriate and preventing ivrevocable damage to
groundwater. Requirements ehall incliude provisions for
monitoring the effect on %he native groundwater.

Note 1. ANy amendments of the Hational Interim Primary
Drinking Water Regulations and any National Revised
primary Dvinking Water Regulations nereafter jesued by EPA
prescrihing standards for public yater systems relating %o
inarganic chemicals, organic chemicals ot micrubiological
contamination shall automatically apply in the same manner
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a5 the National Interim primary Drinking Water
Regulations“.

The mayimum cohtaminant yevels in khe Mational Interim
primary Drinking {{ater Regulations (40 CFR 141} were published in
final form in the FEDERAL REGISTER en Dacember 24 1979. In
accardance with the criteria for best practicable waste
creatment: 40 CFR 141 ahould be consulted in its entirety when
applying the standards contained therein %O wastewater treatmant
systems employing jand application tachniques and land
gtiltization practices

BEWTT for Treatment and Rausg. Under this slternative the
total quanti¥y of any pollutant in the affluent from & reuse
prn;ect which is directly attributable to %the effluyent from &
publiclqﬂowned treatment works quet not exceed that which would
nave been allouwed under ghe other Ltuwo slternaftives previously
discussed.

Nationgl_ﬁgi}utant Digcharage gljnination Gystem. The
NPDES uwas established under Section 402 of the Federal UWater
Follution Control Act amendments of 1972 &o provide 2 nationsal
system fet {ssuance of permits Lo control the discharge of
pollutants inte the nation‘s waters. The exisbting treatment
plant has a permit foT the discharge of 1.79 mgd af secondary
effluent to plymouth Harber, & <SPy of which is included in
Appendix N, Mew oT gxpanded wastewater greatment facilities

would require the issuvance gf a neu NPDES permifb.
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CHAPTER 3

EXISTING WABTEWATER FACILITIES

General

Tnis chapteT describes qumouth‘s planning area in terms
of its existing wasteuviater collection and greatment facilities
Included 18§ the nature and extent of current flows and wasteloads
and the performance of pertinent faciltities

The densely developed North plymouth ared: which includes
approximatetq 2000 acres: iz served by an existing was tewater
colleckion system Wastewater 15 conveyed %o the Town'’s
wastewate? treatment plant igcated on the waterfront for
greatment and discharge to Plymouth HarboT through an putfall.
Approximateiu 11,240 people. OT about thirvty five percent of the
toun's poputation. are gerved by these facilities.

On—-lot uaste&ater disposal systems are ytilized by the
remaining 6T percent of the population of the Town and consist
mainly of septic tanks with leaching aveas or cesspools
Wastewater Collection Ssystem

general Description. piymouth’s existing wastewater
colleckion system contains about 2195, 000 1ineal peet (41 miles?
of separate cpwer pipe (excluding buildinag cannectians). two
conventicnal was tewater pump (1ift) gtations: two package pump
stations: Lhree small wastewater 1ift gtatione and associated
force mains. ﬁpproximatelq 75 percent of the collection gewers

were constructed pefore i?18. About F0 percent of the sewers are
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vitrified—-clay with either cemeng-mortar OT pituminous hot-poured
joints. PYC sewer pipe and reﬁnFovcedthncrete interceptor pipe
with rTubber gasket joints have peen used far construction during
the past 20 years. puring the past 10 years: the Town has
completed many seuwer cgparabion projects. However, 1% is knouwn
that some roof leaders and catch hasins are still connected to
the Town's canitary SEWETs. Further detailed description of the
Town ‘s colleckion system Can pe found in the 1/1 analysis
included 1im appendix J of this report.

The majar components of the existind wastewater collection
system including collection sexevs: pump cktations., and servitce
area Limils are chowr in Figure E1 The system has peen diviced
into 14 subareas which correcpond to natural drainage areas. The
sutlets of these drainage areas are spread out along the
shoreline and necessitate having & wastewater interceptor system
that is comprised of large diamobler SeEWeVs at minimum slopes
suilt aleng the cseacshoré to the north and south. The threse major
interceptors along the shoreline which collect gastewater from
the 14 subareas are;

1. The Cordage interceptor
2. The Wnapp Terrvace Interceptor
3 The Harbor Intercepbor

The Cprdane interceptol. This interceptord {s an i@—inch
reinforced concrete pipe (RCP) with a 15~inch plastic liner in
some sections and extends from the Wnapp Terracs pPump Statien

northerly along the shoreline to the Cordage Industrial Ppark.

CDB—?OIBROOBOE& Plymouth Fac. 3-2 ) BE: Jb op/29/84



e MAJOR SEWER
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— o SUAAREA LIMITS

Figs, 1 EXISTING WASTEWATER
FACHATIES AND RERVICE spnant



This interceptbr was constructed in 1940 and placed into service
in 1969, WastewsteT from Subareas 1, 2, and 73 (Cardage parky tso
transported tn the Knapp Terrace Pump station by the Cordage
InterceptoT. gubarea 1 contains the most recently constructed
SeWEeTS: including the industrial development to the west of
Route 3. and ig served by the CherTy gtreat package pump
station. The sewers cerving Gordage park and the area north of
ctore Pond in gubarea 2 arvre the oldest, dating back to the eavrly
1900 s, gubarea 3 contains @ ematl Yift station cerving the
residential development oD Castle Court.

napp Terrace Intercepkor. This intercepbor is & 24-inch
RCP which sytends northerly frocm the WWIP to the WAnapp Terrace
Pump Statpion. This interceptor canveys wgastewater from Subareas
5 and 59A as well as the pumped discharge from Knapp Terrace FPump
Station. This sewer was constructed in the late j94£0¢s along
with the conpstruction of the WUTP. A private pump ctation SETVES
the shopping avea on Coutrt cyreet in Subaread SA.

1ggﬂﬁggggg_gggggggg£gLA This interceptor includes &
~o-inch secbion of reinforced concrete pipe which was canstructed
in the late 19505 along the shoreline between the Town Pier and
the State Pier: and a section of 18—inch vitrified clay pipe
constructed around 1918 and extending South on WateT Street to
Union Street. The 18-inch interceptor then extends south on
Union Street te Fremont Street: 1N Fremont gtreet to Sandwich
gtreet and tinally southerly in Sandwich cireet to 8 point near

ME. pieasant Street. The Harbor Interceptor carvies the pumped
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flow from ghe Holmes point Pump gtation which serves gubareas 7
and B8 and the gravity flow from subareas & v, 10, 11, 11A and

12. Flouw from the Night Soil tseptage? pisposal Facility on Long
pond Road in Subatea 8 is conyeyed o Holmes point Pump gtation:
ag well 8% the flou from the Long pond Road package pump gtation
which serves the ice chating rink and the piymouth ~= Carver
Regional Intermediate School. A manual wastewater by—-pass is
located at Holmes Peint Pump gtation. AD gjector station gerving

Winter gtreet is jocated in Subares 9,

The existing

Cagacitg_Analysis of Eyisting Intercegtor&

wastewate? collectionm system has been analyzed in detail to
determine the ability 0F~the Toun ‘s major intercepioT gewers and
1i¢t stations to handle axiaeting flows from curtently sewered
areas 1he puTpoSe® of this analysis 18 rwofold: first, te
ijdentify dgeficient seweT segments, i§ anys, where only remedial
measuTes such as rep&acement. relief. OF flouw diversions £an be
consideredi and gecondly: to identify sewerTs with adequate
capacity under present conditions and othevs with reseTVE
capacity.

Estimated present peak drq~weather flouws were determined
by adding peak infiltration to the peak wastewater component for
gthe tributary sewered area: as described in Chapter 7. Met—
weatheT peak flows were then getermined py adding inflow rate
estimates to the appropriate dry-weather totals.

The Tesults of the capacity analysis are presented in

Table 3-1. Ectimated present peak flows for selected segments of
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TABLE 3-1 CARACUY ANALYBIS of EXTHTIHG MAJOR SEWERS
ExTatlng sewer Preoent peak Tlowd, 1n RS
firy Wek
Sewer acgment . i size, . [‘ml;_n Sfl,ape‘ Capacity, ucgthcr‘ inflor wepther
Yrom Fo logation 11_ fanatrustad  UE/TE md toLnl eatimate L()l.ﬂL
Cordnge Intercepter
fini lrond Tracks Hedge i1, Cordage Yarl " 1969 LAnid 2.0 $.70 0.25 0.95
jlexd ge fia - Knapp 'l‘u((‘gl’c:e I‘..“i.. Beaneh (e jahs L0813 2.h0 1,43 0.725 1.68
{Rnapp Terrace P.5. .86 mgd g 24% 'TDH)
Koapp Terrece intepceptor
fnapp Terrece P.3. Wnatawator Treatment Plant  Water Streel R 1964 Q02 5.00 1.81 9.4 2.61
Harbor Intereeptor
{lolmen Potnt .3, 1.ohmga i) @ s0rTDH)
Winter Stroet Fremont Slreet Sandwicls Street ig i:::(i)fjl .g{gg 3o T 2.25 1.35
TR ISR
Sandwich Stpeoat Usrton Stroelk Fromont Shroet 8 1918 L3033 1.3a 1.1 0.2% 1.36
fremont Strect Wanlaey Strect Uanton Street 18 [ L0055 N, 0 1.28 0.25 1.%3
Unien Street SLate Pier Water Steaet 18 1918 L0012 2.00 1.66 0.2% 1.91
SLate Pler Wastewnter Treatmept Plant  Water Steeab 1 1969 ML) K. ho 2079 0.8 3,99

115 hentan average Vlow



these sewers are presented in the table together with estimates
cf seweT capacity for comparisan, The theoretical hydraulic
capacities of the sewers have been astimated by using Manning 'S
formula with an wpt value of 0.013. The location of each seweT
segment 1% indicated on Figure 3-1.

As can be seen in Table 3-1, all the major SewWeTs in the
cewer system have the ability to convey present estimated peak
wet-weather flows and alep have sonme recerve capacity for varing
amounts of additional flow The only exception ig the old 18~
inch interceptoT in Water Street petween State Pier and Union
sgreet, which is p?esenth at capacity with little additional
capacity for any sewev gxpansion

Existing fniiltration/Inflow In the Infiltration/Inflou
(1/1) Analysis (Appendix JYe 1t was concluded that there was
possibly vaycessive' I/I in the collection system, and a sewer
system evaluation sQrveg ({SSES) was recommended to canfiTm
this. 1t was estimated that 0.58 million gallons pevr day (mgd)
of peak 1/1 could cosﬁ—eFFectivelu be removed. This SGES survey
was begun duting the summer of 1983 and will address in detalil
the cost-effectiveness of I/1 reduction.

In 1980, the EPA published the results of a 2—-year study
that evaluated the national I/I program. The study shows that
ackual I/1 reductions generally have been substantially jess than
originally predicted, pspecially reductions in infiltration, At
the present time. the EFA is reevaluating its 1/1 policy. It is
anticipated that future policy might be based en the following
agsumptions:
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1. fnfil¢ration reduction is not cost—effective:
especially ip old systems like pPlymouth ‘s.

2. Inflow reductions in the range of 20 to 40 percent {the
range which was considered in the 1/1 Analysis of
Plymouth’s gystem) may be cost-effective,

3. Gccasional sewage overflows might be tolerated if the
impact on receiving waters were minimal.

gggggggugégi}ities. The Night Soil Disposal Facility was
constructed in 1978 and is located approximately i 1/2 miles from
the WWTP on Long Pond Road. Septage haulers unload septage
{waste removed from septic tanks) tollected from within Plymouth
at this facility. After the septage enters the sguwer system, 1t
becomes mixed with and diluted by wastowater entering the sewer
en Toukte to the WWTP. Grit present in the septage is retained in
the facility and is regularly removed and landfilled.
Wastewater Treatment Plang

The Town s WWTP. constrected during the late 1960's and
put into cperation in 19469, utilizes the activated giudge process

£p provide ¢he incoming wastewater with secondary levels of

treatment. It is located on & J-acre site on Water Street just
west of Town PierT. A schematic flow diagram of the treatment
process 1s shown in Figure 3-2. Mastewater enters the plant from

a 30-inch influent sewer:. passes through & preliminary treatment
system to the plant’s influent pump ctation, and 19 pumped to the
secondary treatment system. The flow then passes by gravity
through the secondary system into the outfall. which extends 1840

feet into plymouth Harbor
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preliminary treatment 15 provided by a bar rack, which
removes objects guch as boards and vags: and a grit removal
system. gereenings aTe mechanically removed from the bar Tack:
deposited in barrelsy and subsequently landfilled. The
wastewater passes through the tar cack and flows into the wet
well, from which fouT influent puUMpS pump wasteuwater through a
flow meter into the secondary treatment system colids which
cettle in the wet well are pumped te a cyclone degritter ant
classifiem which dewaterTs the solids. retains the grit for
disposal: and returns the organic matter back to the wet well.
The grit removed frem the classifier je trucked to a landfill and
puried. The rate of wactewater flouw is measured 1in the flow tube
and vecorded 1D the operatipns puilding.

The secondary greatment process units include two aerabtion
tanks (each containing three mechanical serators)s tuwo final
cettling tanks. and chlarination facilities. The opcean putfall
pipe is the only facility available to provide chiorine contactk
time. The basic design data $or the majoT treatment units 19
gabulated in appendix A of this report.

The aevation and settling unite utilize the extended-—
aeration variation of the activated cludge PpToOCESRS. By this
process: the subshtances which would syert an oxygen demand ©N the
receiving waters are metaboiized by micvoorganisms which arve
maintained under controlled conditions in the aeration tanks.
These organisms convert grganic muzbter ©O carbon dioxide: which

ic released in the ford of & harmiess Qa5 and water. They alsa
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absorb and adsorb other pollutants in the wastewater. Oxygen 15
furnished to the microorganisms by aerators which are operated
intermittently to conserve eneTgy while maintaining adequate
dissolved oxygen levels. The "mixed liquor® which contains these
micraogrganisms i{s conveyed from the aeration tanks to the
cettling tanks. uhere the microcrganisms and other sovlid matter
settle out. Most of the settled solids. orT activated sludge’™
are veturned to the aeration tanks go maintain the population of
microorganisms. The excess sludge is wasted to the sludge
holding tanks where 1% is digested aerobically and stored far
eventual delivery by truck to sludge d%qing beds at the iandfill
in Manomet. Scum is also collected from the surfaces of the
spttling tanks énd conveyed by truck to the sludge drying beds at
the landfill.
Flows, Wasteloads: parformance and Etaffing of WWIP

Wastewater flgus; wasteloads and plant performance data
for 1981 and 1982 are presented in Table 3-2, which summarizes
treatment plant records.

Wastewater Flow. The WWTP was designed to treat an

average dgaily wastewater flow of 1.75 mgd and a peak flow rate of
5.2 mgd. Average annual gaily flows recorded at the plant for
1981 and 1982 were about 2.6 and 2.7 mgd. respectively. The
maximum daily flow uwas 4. 6 mgd (recorded on June 6, 198B2) and the
peak flouw rate was 5.2 mod (which is the peak pumping capacity).
Wasteloads. From Table 3.2, the following average

wasteloads of BODS and 55 received at the plant may be calculated

for the year 19B82:
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TABLE 3-2- PREATHENT PLANT PERFUHMAHCE DATA

fverage (low,

mgdd No. of 30Dy 85
For Sampling days Influent ECfLuend % Tniluent i luent A
onth meonth days sampled mis/ L mg/ L red mg /i mg, /1 red
1981 "' o
Jan 2,34 2.32 9 233 0 97 132 4 87
Feb 2.55 2.08 8 235 13 a5 173 21 88
Mar 2.35 2.32 3 136 11 g2 ik 20 g2
Apr 2.54 2.56 9 14} i 96 217 1% 93
May 2.52 2.52 9 174 il g 178 12 93
Jun 2.Gh 2.67 8 132 5 96 198 18 g1
Jul 2.0h 2.63 9 152 5 iy 171 16 91
Aug 2.11% 2,74 8 101 3 a7 187 16 91
Sep 2.67 2.71 9 148 5 97 200 %4 91
Oct 2.62 2.6 9 156 G 96 262 28 89
Hov 2.52 2.53 8 1ht 10 93 207 30 88
Dec 2.69 7 9 168 6 96 214 23 89
a. 2.501 29 103 20 90
1982
Jan 2.01 2.57 [+ 146 14 93 187 39 79
Feb 2.7 2.76 8 192 12 gl 243 26 g2
Mar 2.07 2.70 9 190 T 96 215 23 #9
Apr 2.70 2.2 9 168 10 9l 272 5h 80
May 2,65  2.09 ] 13 ¥ 91 271 61 T8
Jun 2.90 2,98 G 209 12 gl 230 29 81
Jul 2.57 2.6 9 132 & g5 236 34 16}
Aug 2.76 2.81 8 223 5 98 230 26 89
Sept 2.64 2.09 8 198 ) a7 207 21 91
Qct 2.62 2,74 G 139 9 96 272 32 B8
Nov 2.7 2.1 8 173 3 94 206 10 gi
Dec 2.70 2.70 8 124 3 97 163 12 g0
o, 2,09 213 g~ i3 EY §5% 728 il g5
AVG. 1981-1982: :
2.63 ?2.66 204 166 3 5% 211 e 88

A_w__H—fg_._._T_H._wgﬂ_g_,__.._ﬁ,ﬂ,fm_nw_ﬂ_"_4_7 - ,ﬁ-ﬁ,m.....mwh.,_m__H__._M_f
yonrimated . Tample dates were not The luded in HITTF Monthly flagport for this month.



BOD; ~- 3900 1b/day (173 mg/1 € 2.69 mgd)
58 - 5200 1b/day (228 mg/1 € 2.69 mgd)

Since approximately 13,000 gallons per day of septage is
included in the raw wastewater, a portion of these loadings 1s
derived from the septage. Assuming average septage
concentrations of 5000 mg/l for BODg and 13,300 mg/l for 38,
approximately 550 1b/d of BODg and 1470 1b/d of the 85 may be
sttributed to septage. Based on an assumed sewered population of
11,250, assumed commercial and industrial flow of 0.31 mgd, and
assumed commercial and industrial wastewater BOD5 and 38
concentrations of 200 mg/L and 250 mg/L, respectively, it may be

estimated that current wasteiocad contributions are distributed as-

follows:

QOD5 §§
domestic, 1b/d 2850 3030
septage, 1lb/d 550 1470
industrial and
commercial 1b/d 500 700
Total, 1b/d 3900 K200

Samples of the raw wastewater were gollected on
November 28 and 29, 1983 and analyzed for toxic parameters {(l.e.,
priority pollutants). The sampling methodology and results are
presented in appendix O. None of the parameters measured were
found to be present in concentrations that might inbiblt
activated sludge processes. However, the concentrations of

chromium (0.95 mg/1l) and copper (0.41 mg/l) arve high enough to
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warrant a review of the indusktries and commercial establishments
in the area to identify and monitor potential dischargers of

heavy metals.

Pilant Performance. Table 3-2 presents performance data

for the existing plant foOT about 200 sampling days during the
ysars 1961 and 1982. From the data, 1%t can be seen that

al€hough the design average daily flow is being exceeded, the
plant removes almost & percent of the influent BOD3. easily
complying with its NPDES monthliy average permikt requirement of 20
mg/l. However, average effluent concentrations for suspended
solids eyceeded the WFDES monthly average permit value {30 mg/l)
guring several months of 17982, as solids are increasingly being
washed out of the final settling tanks during peak flouw

periods. This prablem is discussed further in Chapter 4.

In extended seration plants such as Plymouth "5, nitrifica-
tion (conversion of ammonia nitrogen Lo nitrate nitrogen?) can be
provided by aperating the saerators in such a way that the
dissolved cxygen level in the aeration tanks is maintained at 2
mg/L or higher. This promotes the growth of nifrifying bacteria:
which oxidize the ammonia in the wastewater to nitrate. Such
oxidation reduces the oxygen demand on the receiving uwaters.

Data collected over the years at the plymouth WWTP indicates that
nitrification normally doeg ocCcCurT.

Staffing. In the WWTP "Operation and Maintenance” manual

prepared for Plymouth in April 1971 by Metcalf & Eddy, 2 staff of

L2
1
[
o
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5 plant personnel was recammended. The present staff at the WWTP
consists of the following:

1 Superintendent and Chief OperatoT

1 Dperator

2 Assistant Operators

2 Maintenance
The WWTP is manned during the week one chift per day. The staf¥
also includes 3 sewer maintenance personnel. who are responsible
for the vperation and maintenance of the sewer system and pump
stations., and report to the Superintendent and Chief Operator.

Sludge Dewatering and Dispotal

Siludge and scum from the WWTP are hauled in a tank truck
to the Town’s 11 sand drying beds. jocated at the Manomet
Landfill. pAverages of about 120.000 galions per month of sludge
(with a solids content of 1-1/2 to 2 percent? and 10,000 Yo
80, 000 gallons per‘month of scum (the higher fiqure cccurTing
dpring the summer months) are presently havled

samples of the yndewatered sludge and scum have been
coliected and analyzed for toxic parameters and nutrients. ErP
tpricity tests were also Tun. The sampling methodology and
resulbs are presented in appendix 0. The concentrations of
metals in the sludge and scum leachates are below levels that
would classify these substances as vhazardous. " Houwever,
relatively high levels of coppeTr: chromium and toluene weTe found
in the sludge and scum. While the levels found are below those

expected to cause inhibition of the activated sludge process:
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they are high enough to cause the sludge to be classified as Type
111 (restricted use) under the DEQE criteria for 1tand application
af sludge.

The measured nitrogen and phosphorus contents of the
sludge, on a dry weight basis, were &L percent and 0.9 percent;
respectively, while those of the scum uere 12 percent and 1.3
percent.

On-Lot Wastewater Disposal_ Sysitems

General. The remaining developed non-sewered areas in
Plymouth use cesspoonls or septic tank systems for gn-lot
was tewate? treatment antd disposal. All neuw construction must be
provided with a septic tank and soil absorption (1epaching area!l
system in accordance with ruvles and regulations of the Plymouth
Board of Health and Title 5 of the Environmental Code of the
Commegnwealth of Massachusetts (310 cHR 19, 000, Eyamination of
soils, measurements of groundwater elevations and percolation
tests are used to determine the cuitability of any property to be
served by an on-lot disposal system This data 15 reviewed DYy
the Board of Health in order ta determine whether approval of a
system and issuance of a permit will be granted

Igggingﬁgg;got Systems. A brief description of the
various types of on~lot systems found in Plymouth follows.

The pit privy tmore commonly knouwn as an outhousel. is
gypicaily a small:, shallouw pit or trench which normally receives
only human waste and paper. A small shed 1is generally

constructed over the pit teo provide privacy and for aesthetic
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reasons, The solids are retained in the pit while the liquid
¢raction seeps into the soil.

The cessponl is typically a 3 to & foot diameter hole
several feet below ground surface and lined with stone. The
facility receives wastewater directly from the house sewer. The
larger solids settle to the bottom of the cesspool or are
otherwise trapped inside while the liquid fraction seeps out
through openings in the sides and bottom

The septic tank and leaching area is the most modern type
of on-lot system and the only type which will be approved for new
construction. It is more reliable than the two aforementioned
systems. In Plymouth, the mos%t common type of leaching area used
is the leaching pit. However: a number of other jeaching systems
are available and in common use today, The septic tank provides
for the removal of scumy grease and cettleable solids from the
wastewater by gravitg separation. Microorganisms in the tank
digest much of the settled solids material. The clarified
effluent flows to the leaching pit, where heles in the sides of
the pit allou effluent to flow through the surrounding media of
crushed stone, and then continue on through the soil medium

The proper functioning of these wastewater disposal
systems velies upon the ability of adyjacent soils to receive the
wastewater, treat it and allow it to be transmitted via the
natural soil systenm. Spil bacteria existing in soil are capable
of assimilating the organic materials contained in wastewater and

ytilizing the oxygen of the atmosphere to oxidize these organic
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materials to carbon dioxide and watev. These scil bacteria are
essential to the proper gunctioning of the leaching avea: because
they prevent the accumulation of wastes which would eventually
clog the jeaching area and prevent further seepade of waste-
water. However: evEN under the mest efficient conditions
(including propevy maintenance) there je always 4a small amount of
insoluble prganic and inerganic naterial from the metabolisem of
the wastes, and this 1is discharged to the leaching ares. This
residue accumulates in the pores of the soils and sventually
clogs it. Thus, the percolation potential of the soil under the
leaching area will eventually be exhausted. In the case of 3
cesspooly which combines the functiens of the septic tank and
leaching area in a single structuve, MoTE frequent problems may
agccur due to greater clogeing potential.

ideally. an on—lot system can provide satisfactory service
for 10, 15, or morvTe yedrs: depending on coils and other
factors. Howewver., if & leaching area becofes ciogged: wasteuwater
je no longer able to pass through the poTes of the eavth andg
tends to pond and vise to the syrface, and as 2 result the
leaching area must be replaced or installed imD another
location. Replacement of a leaching area ic feasible only where
ample spale is available: and where subsurface conditions meet
all criteria required for neuw installations. When setting
minimum lot sites in residentiaiiqmzoned areas to be served by
on-lot wastewaler disposal systems. consideration should be given

to providing ample space for onhe OF moTE leaching area
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replacements. For this reason laots should be large enough %o
allow for expansion OT total replacement of permanent on-lot
systems. In some areas of Plymouth {as discussed in Chapter 4)
ot sizes are very small and problems have resvulted.

Because septic tank and cesspool systems depend heavily
upon the functions of bacteria for their successful operation,
products have been developed purporting to ctimulate the action
of these bacteria. fhere are manpy additives on the market which
supposedly enhance the operation of the cesspool or septic tank
system; however: none of these remedies has had any demenstrated
efficiency under controlled investigations, Therefore, it is the
nearly unanimopus opinion of those who understand subsurface
disposal systems that no chemicals or cther asdditives should be
employed in the operation of septic tanks or cesspools. The
rules and regulatiods of the Town‘s Beard of Health prohibit the
vse of additives. |

Sludge and scum eventually accumulate and form relatively
compact layers in the septic tank. Although sludge and scum
undergo biological decompositien, fthe rate of decomposition is
slower than the incoming vrate of solids, HBecause of this: the
accumulated solids (collectively referrved to as septage or night
cpil) must be removed periodically. Private haulers pump septage
out of septic tanks and cesspools at the request of the owners
and deliver it to the Night Soil Disposal Facility on Long Pond

Road.
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CHAPTER U

PROBLEM IDENTIFICATION

General

The purpose of this chapter is to document the nature and
extent of existing wastewater related problems found in the
existing North Piymouth wastewater collection, treatment and
disposal system and in the many individual on-lot systems found
throughout the unsewered areas of town.

problems in Existing sewered Area

There are several deficlencies in the Toun's wastewater
collection system and treatment plant (WWIP). The WWTP is
hydraulically overloaded, largely due to leakage of groundwater
and seawater (infiltration) inbto the wastewater collection
system. The WWTP was designed to treat 1.75 million gallons per
day {(mgd) of wastewater. However, during 1982, the WWTP treated
an average flow of 2.7 mgd, resulting in the violation of the
plant's discharge permit (see Appendix ¥y and the Massachusetlis
Ocean Sanctuaries Act (which also limits the average discharge to
the design value of 1.75 mgd). It is estimated that 56 percent
of the wastewater flow during 1982 was infiltration. Mueh of the
collection system wWas constructed in the early 1900's when
wastewater was discharged directly into Plymouth Harbor and
1ittle atiention was paid to keeping groundwater out of the

system.
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Many problems are associated with the Town's major
interceptor sewers. AS shown in the capacity analysis in
Chapter 3, portions of the Harbor Interceptor servicing Subarecas
7,8,9,10, and 11 are presently at capacity. This 18" interceptor
is made of vitrified clay pipe with joints every 2 feebt, Because
of its deterioration (cracked pipe and leaky Joints) due to age
and its limited capacity, the Harbor Interceptor between the
gtate Pier and Sandwich Street is in need of replacement. The
15" interceptor in Water stpeet between Union Street and gandwich
Itreet is also in need of replacement. The Cordage Interceptor,
although it has reserve capacity, is also in need of replacement
due to its in very poor condition (scparated joints, dips,
excessive infiltration, and salt water intrusion). Large volumes
of sand must frequently be removed from both main interceptors
and pump stations due to open joints. The Town has made numerous
attempts to locate and remove infiltration from the Cordage
Interceptor with little success through the spring of 1983.
Repairs to a section of the intergeptor using an insitu liner in
the fall of 1983 have apparently reduced flows, butbt it is too
soon to quantify this reduction accurately. Because of the high
rate of infiltration into this interceptor, the Town has had to
throttie the influent sluice gate to the Knapp Terrace Pump
Station at all times. During a heavy rainstorm combined with a
high tide, the high water alarm is typically activated at this

pump station.
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there are several knouwn connections of roof leaders and
catch basins to the collection system. These connections are
being identified by smoke testing as part of the Sewer System
Evaluation Survey being conducted as part of this facilities
plan., Further discussion of problems related to the collection
system may be found in Appendix J.

The existing collection system lacks pump cut facilities
for collecting wastes from boats located in the harbor.

Largely because of infiow, the peak rate of wastewater
fiow reaching the plant reportedly exceeds the design peak
capacity of 5.2 mgd approximately siy times per year. When such
an episode ocecurs during low tide, the tide gate in the plant
bypass channel opens and discharges raw wastewater directly to
the chlorine manhole downstreanm from the normal point of chlorine
addition. When an episode occurs at high tide, the excess
wastewater backs up into the interceptor sewers; in the past,
wastewater has occasionally surcharged and overflowed from a
manhoie on the Harbor Interceptor off Water Street near Town
pier. The frequency, duration, and rate of bypassing are not
recorded.

p second limitation of the WHWTP is its inability to
dewater sludge. The decanted sludge removed from the siudge
holding tanks has a solids content of only 1.5 to 2 percent and
must be transported in its dilute state via tank truck to drying
beds located at the Manomet L,andfiil. Over 100,000 gallons of

sludge per month are trucked to the drying beds. 1In addition,
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large volumes {about 2600 gallons per day) of floating gludge or
seum are removed from the surfaces of the clarifiers durihg the
summer months, and this too must be trucked to the drying beds.
gufficient drying ved area is not available for the quantities of
siudge and scum produced, and operation of the beds is restricted
by wet weather and the requirement tnat the beds be raked by
hand. Sludge freguently {s permitted to accumulate in the
aeration tanks and clarifiers at the WWTP, and mixed liguor
suspended solids concentrations ranged from 6000 mg/l to 11,000
mg/l during 1982. This has resulted in solids lgading rates in
excess of 70 lb/sq. ft/day on the clarifiers and suboptimal
removal of suspended solids, especially during the early
afternoon hours when the wastewaber flow rate is greater than
average. The WWTP thus discharged an effluent containing average
suspended solids concentrations In excess of secondary treatment
jevels (30 mg/L) for six of the twelve months of 1982,

The above problems have caused the lassachusetts
Department of Environmental Quality Engineering (DEQE) to limit
additional connections o the existing sewer system. In
addition, shellfishing areas in Plymouth Harbor have been closed,
partially due to the outfall discharge and the fact that bypasses
exist at the wastewater treatment plant and at the Holmes Poiﬁt
Pump Station.

There are also other significant deficiencies at the
plant. The sludge holding tanks become completely frozen during

the winter months; when the holding tanks are not operational,
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dilute sludge must be wasted directly from the clarifiers to the
tank truck. The emergency electrical generator must be started
manually in the event of a power failure. In addition, there 1is
a shortage of space for maintenance equipment and parts storage.

Complaints of odors at the Night Soil Disposal Facility on
Long Pond Road are occassionally received during the summer
months., Odor complaints have also been received from an industry
1peated near the Night Soil Disposal Faclility (the sewer into
whicnh this facility discharges is vented to the roof of the
industry's building). In addition, the lack of screening
facilities at the Night Soil Disposal Facility is believed to
have contributed to a rapid rate of rag accumulation at the
Holmes Point Pump Station which has periodically caused flooding
at this station.

Only one potential water guality problem attributable to
an unsewered discharge was sdentified in the existing service
area. Samples of water taken from a pipe to the shore on the
Kingston side of the Plymouth/Kingston poundary by Whitman &
Howard in 1981 had very high vacteria counts., It has been
alleged that the contamination of this water 1is attributable to
wastewater from the China Dragon Restaurant.

Problems have alsc been associated with storm drains
witnin the existing service area. Samples collected by the
Department of Water Pollution Control (DWPC) in Westboro from
storm drains along the Plymouth Harbor waterfront during a period

of dry-weather flow during the summer of 1983 indicated the
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potential existence of sanitary tie-ins in several cases. Levels
of fecal coliform pacteria in excess of 10007 100 ml were reported
for drains discharging measurable flow at poundary Lane, the
parking lot utilized by Ocean Spray, the breakwater, and the
Mayflower Restaurant. It has been suggested by C.E, Maguire,
inc., that the existence of the shellfish closure zone along the
shoreline in Plymouth Harbor is related more to pacterial
contamination emanating from storm drains than to the treatment
and disposal of wastewater.

Problems in Existing Unsewered Area

The unsewered area of the town uses individual on-1lot
systems for the disposal of wastewater. While the various Lypes
of on-lot sysftems were described in Chapter 3, this section will
describe the different types of problems encountered, the
criteria used to determinezwhether tisere is a problem or notb, and
a description of the degree of severity of such problems in the

various subareas of Plymouth,

Types of problems. There are two types of failures which

are associated with an on-lot system. A failure of the on-lot
system to dispose of the wastes and a failure of the system to
properly treat the wastes prior to entering the groundwater.
Along with these failures, are many different types of problems
as a direct result of the failure. Sone problems, such as
overflowing septic tanks, are readily detected, while others,
such as a contaminated body of water, are not. Examples of
typical on-lot system failures and their associated problems are

given in Table y-1,
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TABLE H-1.

PROBLEMS RESULTING FROM COMHMON

WASTEWATER DISPOSAL SYSTEM FAILURES

Cause of Fallure

Associated Problem

Disposal Failures

Blocked pipe

Broker baffle
in septic tank

Tilted distribution box

Undersized leaching area

Treatment Failures

Coarse sands

Less than Ut to
groundwater from bottom
of leaching area

Leacning area in
groundwater

Inability to use bathroom and
kitchen facilities

Clogged leaching area, overflowing
tank and/or odors

A& portion of the leaching area
clogged, overflowing tank and/or
odors

Inability to fully use water
facilities in housec and overflowing
of tank

Limited treatment is available and
groundwater contamination may occur.

partial treatment Dby the soil in the
leaching area

Very limited treatment by the scil
and contamination of groundwater
probable,

A disposal failure occurs when the on-lot system is unable

vo dispose of the wastewater for one of many reasons.

One of the

more CORMMON reasons for this type of failure is an improperly

designed on-lot system.

Most of the systems constructed prior to

1960 were cesspools, which have since been designated as jitlegal

by the State Environmental Code (Title 5) and Dby the Plymouth

Board of Health due to their inability to properly dispose of and
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treat the waste. Even many of the on-lot systems of the 1960's
and 1970's were designed using criteria which have since been
upgraded to reflect the more stringent requirements now believed
needed to properly dispose of the waste. A minimum leaching area
is reguired to dispose of the wastewater with the area dependent
on the type of soil and the expected flow. If this minimum
leaching area is not provided, the leaching field will eventually
clog and the on-lobi system will fail, resulting in waslbewater
effluent seeping out of the ground, foul odors, and/or backing up
of the toilets and sinks,

A treatment failure occurs wien tne wastewater passes
through the soil underlying the leaching area so guickly that
some contaminants may pass into the groundwabter, Such problems
typicaily occur when soils are coarse or the distance between Lhe
bottom of the leaching area and the groundwater is less than four
feet, This t}pe of failure degrades the quality of the
upderlying groundwater system, and may jeopardize the public's
health.

Criteria to Determine Problem Areas. Numerous criteria or

factors have been considered in assessing the severity of
problems in the individual subareas of Plymouth. Some of these
factors are as follows:

1. The soil suitability for on-lot disposal systems

2 Design regulations
3., Density of housing
y

Water quality
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5. Board of Health records

6. Questionnaire survey
These criteria have been investigated for each study subarea in
Piymouth, and are discussed individually in the paragraphs that

follow,

Seil Suitability for On-Lot Disposal Systems. The U.3.

pepartment of Agriculthre‘s Soil Conservation gervice (8C3) has
mapped and classified Plymouth's soils as presenbed as

Figure U-1. There are two dominating soil associations in
plymouth, the Carver-Gloucester association and the Ccarver-pPeatl
association., There are also some smaller pockets of varying soil
types existing ghroughout Plymouth, put they are not as prevalent
as the aforementioned associations.

The Carver-Peat éssociation, occupying the western portion
of Plymouth, consists of a large, nearly level, sandy outwash
plain that is pitted with kettle holes. The Carver series of
scils, which consist of dry coarse sands that formed in deep
deposits of sand, on nearly 1evel plains and along the steep
sides of kettle holes and stream channels, occupies about 70
percent of this association. The Peat series occupies about 10
percent, and secondary solils occupy the remaining 20 percent,

The Carver-Gloucester agsociation, which consists of deep,
dry, loamy sands, occupies most of the remaining portion of
piymouth, Its chief features are a series of wooded and boulder-
strewn moraine hills with slopes that are moderate to steep and

complex. The Carver soils ocgupy about 50 percent of the
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association and the Gloucester soils, which have many boulders,
about 40 percent. Secondary soils occupy the remaining portion.

The Carver-Gloucester solls are generally very good for
the disposal of wastes with their only limitations belng steep
slopes and shallow depth to groundwater in some areas..
piymouth's Board of Health records on percolation tests indicate
that the vast majority of the Town's solls have percolation rates
of less than 2 minutes per inch. This means that the applied
wastewater will take less than 2 minutes to drain one inch in
depth through the ground. However, these solils may not be
capable of properly treating all the wastes from the.leaching
field, especially pnitrates. Therefore, careful planning of
developments is needed where a groundwater aquifer exists or
where water supply wells are located nearby.

Also shown on F{gure 4-1 is Tidal Marsh-Dune Land, which
consists of regularly flooded organic and mineral deposits and

unstable sands along the seashore.

Design Regulations. Prior to 1962 there wWere few

regulations governing on~-lot disposal systems. 1In 1962, the
Commonwealth published the first rules and regulations, entitled
¥Minimum Requiﬁements for Disposal of ganitary Sewage in
Unsewered Areas"; in 1975 the requirements were revised and

named, "Title 5 of the State Sanitary Code™. And, in January of

1982, the Town of Piymouth published ugypplements to Title 5",

which are more stringent regulations than those currently found

CDB-7018R00304Ua pPlymouth H-11 JF:fpc 03/05/ 84



in Title 5 and are more applicable for the conditions found in

Plymouth,

Title 5 contains design criteria for the sizing of on-lot
wastewater disposal systems. These are minimum design require-
ments that all cities and towns must use as guidelines for the
design of on-lof systems. The guidelines contain information
such as the minimum flow expected per bedroom per house (110
gallons per day), the size of a leaching area as a function of
the percolation rate (e.,g., for a percolation rate of 2 min. per
inch or less use 0.4 sq. ft., of sidewall area per gallon of
wastewater and 1.0 sg. ft. of bottom area per gallon of
wastewater), minimum distances to property lines from septic
tanks and leaching areas, etc.

Major changes incorporated in the "Supplements" were as
follows:

1. The minumum allowance for design dailly flows was
increased from 110 galions per day per bedroom to H0OQ
gallons per day.

2. The minimum design percolation rate allowable in
Plymouth was increased from 30 min per inch to 20 min

per inch.

3. HMost of the minimum required distances between the on-
lot systems and private wells, property lines, etc.
were increased,

It is the general policy of the Board of Health to

eliminate sub-standard on-lot systems by attrition whenever
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possible. Therefore, in general, if there is reconstruction of
more than 50 percent of the physical value of the home, the on-
1ot system must comply with both Title 5 and the Towun's
ngupplements! as nearly as possible. The primary concern of the
Board of Health is to insure that any future on-lot systems Or
future repairs be made in accordance with requirements that are
in the best interest of the public safety and health.

Pensity of Housing. Acceptable present day on-lot

disposal facilities usually consist of a septic tank and leaching
pit or field. Under favorable conditions an on-lot system can
provide satisfactory service for 15 or more years, after which it
is usually necessary to relocate the field bo another area on the
1ot. Obviously, this is feasible only where ample space 18
available. Consequent;y, consideration must be given to
providing adequate spaée within the lot for one or more leaching
field replacements when setting minimum 1ot size limitations for
on-lot systems in residentially-zoned arcas. This criterion is
also useful as a planning aid in determining public sewerage
needs for areas already developed.

Minimum lot sizes based on the Plymouth Board of Health
Rules and Regulations, assuming & one-family detached dwelling
with three bedrooms and a garbage grinder, are shown in
Table -2, Those 1ot sizes include an adequate area for a
minimum of one leaching area replacement. Also, two different
types of systems are considered: the septic tank and leaching
pit, and the septic tank and leaching trench (these are the most
common types of systems presently being installed in plymouth).
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TABLE H-2 MINTMUM LOT SIZES
RECOMMENDED FOR ON~LOT DISPOSAL SysTEMS (1)

[ . P
Leaching ™’ IR AR
pit tLrench

For lots with public water supply

8,000 ft.2 13,000 ft.2

For lots with on-lot well water

22,000 ft.° 29,000 ft.°

7.7 Assumplions:

(1) Percolation rate = 3 min./inch or faster
400 gallons per day minimum for an individual lot.
One reserve area for future use is included.
A 10 percent factor of safety i3 included in all
areas to account for unusable land.

(5) With on-lot wells, a minimum of 145 ft. has been
added to all lot dimensions for a backyard location
of the well,

(6) A1l leaching areas have been increased by 25 percent
for use of a garbage grinder,

2. Dep?? to seasonal high groundwater from ground surface is
13 .

3. Depth to seasonal high groundwater from ground surface is
6 ft.

2
3
4

e~
e e

Water Quality. When considering the effectiveness of an

on-lot system, the quality of the underlying groundwater and
nearby surface waters is an important factor, In Chapter 2 the
various types of classifications and standards for water quality
were discussed.

Water quality studies have been undertaken in the past for
the various ponds in Plymouth. For example, Lyons-Skwarto
Associates undertook a water guality survey of U5 ponds in

1979-1980. Geoscience published a report in March of 1981
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entitled, ngroundwater Resources and Lakes Management g tudy, and
18P published a shereline water quality survey in July, 1980.
Also, the Town's wells are monitored to assure that they comply
with the State's standards for drinking water guality. The
recreational ponds and bathing beaches are aiso monitored for
water quality to determine if there is any presence of
contaminants in the water., These numerous sources of information
were reviewed toO determine whether evidence existed that a group
of on-lot systems was performing inadequately.

Along with the present conditions of the waters, the
future conditions must also be considered. Hence, any group of
on-lot systems that might potentially degrade a body of water
must be considered a problem as well as any group of systems
currently degrading the waters.

Over the past few years, the public has pecome increasing-
ly aware of the importance of waber supply. Many towns are

restricting use and looking for alternative sources of water

because of contaminated wells or reservoirs with insufficient
capacity. plymouth does not have this problem because it
overlies one the the largest groundwater aguifers in New
gngland. Other towns and agencies have identified the need for
water and are currently investigating the possibility of tapping

into Plymouth's water resources. Therefore, this could become 2

very important and valuable asset for plymouth in the future.
The Touwn, recognizing the need to protect this valuable

resource, designated an agquifer srotection district as part of
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its zoning by-law. This section of the by-law was passed in
April 1981, and has been in force ever since. The protected
areas are shown in Figure B2,

One of the provisions of the by-law states that no new
ansewered development having a density greater than one dwelling
anit per 40,000 sg. ft. shall be allowed within the district.
Unless sewers are provided, wastewater quantities discharged
within the district are limited to 330 gallons per day per 40,000
square feet and are required to meet certain minimum standards
for quality. Among the other provicions of the by-law applying
to the aguifer protection distriet is a requirement that if more
than 25 percent of any 1ot is renderaed impervious, all runoff
from the developed surfaces shall be captured and treated to
remove potential contaminants such as oil and grease. In
addition, certain uses or activities are prohibited including the
disposal of solid wastes or any waste other than normal domestic
wastewater, the storage or transmission of petroleum products,
and the open storage or use of road salt or deicing chemicals,

Board of Health Records. Prior to the issuing of a

building permit in a unsewered area, a permit for construction of
an on-lot disposal system must be issued by the Board of Health.
Likewise, if an on-lot system fails, the womeowner must apply for
a permit before recopstruction of the system can begin, These
permit records are kept on file in the Health Department at Town
Hall and date back to 1962. These records can be useful hecause

they reveal the structure of the lot's soil along with its
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drainage characteristics and depth to groundwater. All of this
is required information for the permit.

Another source of records from the Board of Health lis the
complaint file. Any problems believed to be causing a violation
are reported to the health officer and must be answered.
Complaints found in this file consist of odors or overflowing
cesspools, septic tanks, or leaching areas. These problems are
usually reported by neighbors or other affected parties.

During the course of this study, the entire complaint file
and most of the permit records were reviewved to determine where
problems had occurred in the past and whether there was any
correlation between the problems encountered and items such as
age of the system, water table, soil type, density of housing
construction, ete. In addition the Director of Health was
consulted to obtain his figst nand knowledge of on-lot system
problems around Plymouth.

Questionnaire Survey. The largest and most extensive

source of information concerning the on-lot systems in Plymouth
was the questionnaire survey which the Town undertook during
January of 1982, entitled ngurvey of Existing On-site Wastewater
(sewage) Disposal Systems." Different questionnaires were sent
to residences, restaurants and industries, Copies of the
questionnaires can be found in Appendix G.

The response to the questionnaire survey was excellent.
There were over 4,000 returns from an estimated 8,000 unsevered
residences to which quest ionnaires were mailed, yielding a return

rate of approximately 50 percent.
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The purpose of the questionnaire was to detetmine the
types of problems that exist, how severe these problems were
considered to be by the homeouwner, and the locations of these
problems. Information requested included: the age of the system,
the owner's evaluation of the system's performance, whether the
owner ever limits his water use, whether there are any odor
problems, and the number of repairs made to the system,

Considerable judgment must be used in the interpretation
of any questionnaire. For example, it 1is likely that some of the
questions were misinterpreted by some nomeowners., In addition, a
homeowner may not admit the existence of a problem if he fears
that his property may be condemned if he reveals the problem.

The information provided by the gquestionnaire must be interpreted

and summarized with this in mind.

The results of those residential questionnaires returned
were grouped into eleven geographical study subareas as shown in
Fig., U-3. The survey presults are summarized in Table 4-3.

Study Subareas

The following sections discuss the results of the

evaluations of on-lot disposal problems for each of the study

subareas of Plymouth.

Billington Sea. This subarea is located in the northwest

portion of Plymouth, just south of the business section of

town. Most of the homes surrounding the 5Sea are approximately 30

CDB-7018R00304a Plymouth 4-19 JF:fpec  03/05/8k



bUXBURY

@‘;m
[ /
g / BAQUIBH =
SR
g
-4 “,3\\.:\'.\0\ T | ’

\§““B°“ PLYMOUTH BAY

BILLINGTON SEA
CEDARVILLE
ELLISVILLE
LONG POND
MANOMET

MARE POND
NORTH PLYMOUTH
SAQUISH

SOUTH POND

. WARREN COVE

. WEST PLYMOUTH

P

omsw

KIHGSTON

“Sowmx

/ mTt}Em \ _
/ "ﬁ¥
//wzst S

7 PLYMOUTH (
. y I\,
P ORION

\ -
\
AN
N\
N HYLES QTAHDIBH
CARVER \ GTATE FOREBT
\ ), N\,
) ®
> 9 JRVILLE
/ ~— —_
/ =~
~ ® N
// \\ ' GELARVILLE
| (@)
E o d—— @9 ) QRgAT /
/

-

CAPE COD
BAY

——— / / .Hl’g

/
/ /
WAREHAM f/ (
\ ///ﬁ. [
(f HH /l”ﬁoo““
@ i
i Ly,
] [4] ] \, J

SCALE B WILES

F1G. 4.3 STUDY SUBAREAS

$10

MLTC ALY & EDROY



(7-%

TABLE U-3, SUHHARY OF PLYMDUTH PROPENTY CWHENS' RESPONSES TO QUESTIOHNAIRE

¥ Type_ol problem T ol ¥ ot

% of Owner’s evaluation fatr  Limited Ro, of repliea llonen replies

Ho, el all of systum and water Sewage systens reperting requesting reguest ing

Subarea replies replies  Good Falr Poor ponr une odor ropaleed repalra apwery aocqers
Billington Sea 79 2.1 69 a8 - V0 3 - 9 4 ] 7
Godarvilie yivt 12,4 311 53 5 13 63 i3 13 T 90 20
glitaville 1o 1.9 b1 8 1 13 13 1 6 8 He il
Long fond 263 T4 236 29 L] + 3z 12 22 & 35 13
Hanomet 1,29% 5.1 1,033 136 42 i 7o a1 252 20 02 23
Hare Fond 191 5.2 163 21 3 3 3! 1 Al & 13 17
o, Plymouth 56 1.9 45 6 - 5 9 ' 3 5 13 23
Saguish 26 T 21 2 1 1 4 - 1 3 % 19
Seuth Fond 128 3.4 g5 g - ? g 2 15 12 12 9
Marren Cove 23h 6.3 184 31 K] 1 62 1] 52 27 54 2t
West Plymouth G8g 24,2 718 g 56 'z 136 29 46 5 151 11

TOTALS 3,674 100 1 3,060 i3 36 1h 37 199 usG 12 T3 20




years old. There are a few seasonai residences on the periphery
of the sea, but overall this is a year-round community.

Many of the house lots on the western side of Biliington
Sea are 300-400 ft. long and approximately 70-100 ft. wide,
Because the soils found in this area are well drained, these lots
are large enough to sustain an on-lot system.

The resuits of the questionnaires did not indicate any
serious problems with the on-lot systems, There were only nine
repairs reported by the 79 respondents from this area. Most of
these were associated with homes over 30 years old, indicating no
serious problems (since the expected life of an on-lot system is
around 15 to 20 years).

Billington Sea has been classified as eutrophie, that is,
enriched with nutrients to the point that the growth of algae has
made the water less desirable for such uses as drinking water,
swimming, boating, and [ishing. During the course of the study
some concern has been expressed by some citizens that on-lot
disposal systems in the Billington Sea watershed may be the cause
of the eutrophication of that waterbody. A review of previousliy
conducted water quality studies and additional sampling conducted
as part of this study by the EIS contractor, C.E. Maguire, Inc.
and its subcontractor, New England Research, Inec. (NER), have led
to the conclusion that on-lot systems have not had any serious
impact on Billington Sea. 1In its report, "Jater Quality Studies
For Plymouth, Massachusetts, Part III Final Report®™, NER states

that, "Billington Sea has been eutrophic for at least the past
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decade," and npelatively high concentrations of nutrients enter
into Billington Sea from some surface and groundwater gources;"
but "the preponderance of chemical, physical and bactericlogical
data appear Lo indicate that the relatively high nutrient
contaminants cannot be directly correlated with domestic
effluent"., NER concluded that "it is unlikely thabt any localized
effort to alter current domestic waste disposal practices along
the shoreline of Billington Sea will have any measurable effect
on the lake's trophic status," that "there is no pacteriological
evidence that Billington Sea or Little Pond receives effluent
from surrounding septic systems," and that “reported eye and ear
irritations among swimmers in Little pond may be due UO
opportunistic pathogens introduced into Little Pond by swimmers.”

Because No seriqus problems could be attributed to on-lot
wastewater systems in éhis subarea, it is not considered to be a
problem area.

Cedarville. This subarea is located in the southeastern
corner of plymouth with Cape Cod Bay abutting it on the east and
the Town of Bourne to the south. Residences to the east of
Route 3A average 15 yrs in age while those homes to the west are
almost double that in average &ge. The lots sizes vary
substantially in this area, ranging From 3000 square feet in a

seasonally-occupied development pordering the northwestern

portion of Great Herring Pond to 1 acre or more in much of the

remaining area.
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Three of the ponds in this study area are classified as
eutrophic. They are: Hedges, Island, and Herring Ponds. in
their review of previous water quality studies, C.E. Maguire
concluded that there is no apparent correlation between the
number of homes surrounding these ponds and the degree of
eutrophication.

puring 1979, restdents surrounding the Cedarviile landfill
began complaining of the poor gqualily of their well water. This
condition 1is nelieved to be a result of leachate from the eclosed
l1andfill entering the groundwater system and not from
malfunctioning on-iot disposal systems. In response Lo ghis
problem, the Town has extended the Town water distribution system
to those homes requiring immediate attention.

Relatively feu problems were reported in the questionnaire
for an area this size, Only seven percent of the residents
reported past problems, and almost all of those whieh had
required repairs had systems older than 20 years, Hence,
Cedarville is not considered a problem area.

Ellisville. Fllisville abuts Cedarville on its southern
border and Cape Cod Bay on the east. This subarea 18 sparsely
developed, consisting of homes with large lots and areas with
large vacant lobts.

5ix homes reported repairs to their systems, and the Board
of Health records revealed only a fow problems., Because these
homes are over 20 years old, the Eliisville area is not

considered a problem arca.
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Long Pond. The Long Pond subarea, located in central
Plymouth, is basically a rural area with some residential
development bordering Long Pond.

The Lyons-Skwarto report reported two ponds in this area,
Halfway Pond and Little Long Pond, as being ultra-eutrophic.
Since there is very little development surrounding either of
these ponds, there is apparently no correlation between on-lot
system failures and the eutrophic states of the ponds.

There were very few repairs reported in this study area.
The few residents that did report repairs were from relatively
new homes with lot sizes of approximately one acre, more than
enough for what is needed to properly dispose of the wastes for a
single family house in this area. The failed systems were
determined to be under-designed relative to the new code
established by the Boa;d of Health. In most cases the leaching
area was expanded and no subseguent problems have been reported.

No serious wastewater-related problems are known to egist
in this area.

Manomet . Located on the northeastern corner of Plymouth
and extending five miles south from Rocky Point, this is the
second most populated of the unsewered study subareas. Most of
the development exists along the coast, with the bulk of the
remainder occurring along Route 3A.

Manomet was the source of over 35 percent of the returned

questionnaires and was the subareca having the highest number of
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respondents requesting sewers. over half the reported problems
and over half the reported system repairs were in Manomet.

The Manomet subarea has been divided into six sections for
study purposes, a3 shown in Fig. H-U. gection 1, the northern-
most section of Manomet, has been further subdivided into five
subsections that are designated "1A" through "1E", as shoun in
Fig. 4-5.

gection 1 is the most densely developed area of Manomet
and contains the subarea's two prime recreational peaches, White
lorse Beach and Priscilla Beach. pApproximately 60 percent of the
residents of this section occupy their homes year round., The
remaining U0 percent are seasonal residents, with most of the
seasonal people living on the pluffs of White Horse Beach in
subsection 1A.

The on-lot wastewater disposal systems presently used by
many of the résidents in Subsection 1A, also known as the East
White Horse Beach area, are standard block cesspools or are
cesspools constructed from 56-gallon metal drums. These systems
are inadequate for the proper treatment of wastewater and can be
very dangerous when subjected to any type of welight {especially
at the beginning of the summer Season when they are empty and
there is no nydrostatic pressure available to support thne
eylinder wall) and are net in conformance with present state and
l1ocal codes which ban the construction of all cesspools. There

are approximately 170 cottages plus 15 year—round residences On
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about 13 acres of iand in Subsection 1A. This yields an average
1ot size of 2,600 =q. ft., with some lots as small as 1,300 s4q.
ft. Lots of this size do not have the land area required to
construct an on-lot wastewater disposal system in conformance
with the State Environmental Code (Title 5) or the supplements to
the code as mandated DY the Plymouth Board of Health (See
Table U-2). Most of these homes are presently violating one oOr
more of the minimum distance requirements for on-lobt systems
(i.e., distances petween the leaching area and property line,
house, water lines, ete.). In addition, as shown on Fig. 4-=6,
there are eleven nomes located on the eastern side of the
partlett Pond outlet that do not have the minimum required set
pack distance of 75 ft. betueen their systems and the waterway.
pecause of the small lot sizes, the only approvable type
of on-lot system that ﬁost of the cottage OWNErs could physically
build on their iots would be a septic tank and leaching pit
However, for this type of system, the minimum required depth to
hign groundwater is 13 feet. AS the highest ground surface
elevation in subsection 1A has a maximum depth to groundwater of
approximately 10 fr¥, the pit-type system is not applicable in
this area. Hence, most lots in this subsection cannot comply
with Title 5 or the Board of Health regulations and are likely
sources of groundwater contamination. pwners of these lots will
not be able to obtain a permit for reconstruction of their on-lot

systems when fajilure occurs.

¥This assumes bLhe high groundwater elevation is at Elevation
8.0 ft.
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Because the lots in Subsection 1A are not large enough for
any type of on-lot disposal system, this area will always pose a
potential health hazard until an alternative means of wasteuwater
disposal is implemented.

gubsection 1B extends westward from the outlet of Bartlett
pond to White Horse Rd, and is bounded by White Horse peach on
the north. Many of the homes in this area, especially those
along Homer Ave. and Williams Ave, (highlighted in rig. hW-6), are
lowlying and thus have poor drainage. The homes in this area
were observed to have groundwater and or leachate from their on-
lot wastewater disposal systems running through their yards and
into the street for most of 1982. Because an inadequate depth of
unsaturated soil is avallable te effeot the proper amount of
treatment of the wastewater, a potential health hazard 1is
present.

The Plymouth Board of Health requires a minimum of 75 ft.
from the edge of a body of water to the 1imits of a leaching
area. 1In Figure H-6, a set back line 75 ft. from the edge of the
water has been drawn around the periphery of Bartlett Pond. Any
on-lot system within this set back line is in violation of the
regulations. There are about 40 lots in Subsection 1B located
within 75 ft. of the pond,

In Table k-2, the minimum lot sizes for a pit-type system
and a trench-type system and their minimum respective depths to
seasonally high groundwater are given. Assuming the groundwater

is at elevation 8.0 % ft. (based on the average water surface
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elevation of partlett Pond) a front or backyard eievation of

51 ft., as shown on Figure L-6, is needed to construct a pit type
gystem with a minimum lot size of 8,000 sq. ft. and a front or
backyard elevation of 14.0 ft. is needed to support a trench-type
system with a minimum lot size of 13,000 sq. ft. Approximately
40 homes exist with yards less than Rlevation 14.0 fU. and have
an average lot size of less than 5,000 sq. ft.. Therefore, those
nomes will always be out of conformance with Title 5 and the
Board of Health regulations as long as on-lot disposal systems
are used. Approximately 25 additioral homes are located within
the 21 ft. contour interval, with an average 1ot size of 5,000
sq. ft. These on-lot systems are also out of conformance with
ritle 5 and the Board of Health regulations.

Sanpling conducted by the Macsachusetbts pepartment of
Environmental Quality Engineering (LEQE) during July and August
1982 found reiatively high total and fecal coliform levels at
various locations in Bartlett Pond {(coliforms are organisms which
indicates the presence of pathogenic or disease~causing
organisms). One count in excess of 1600 fecal coliforms per 100
w1l was recorded, and three out of six samples indicated levels in
excess of 200 per 100 ml. The Massachusetts Water Guaiity
s tandards require that the average recal coliform level not
ayceed 200 per 100 ml and that fewer than 10 percent of tne
samples exceed 400 per 100 ml for a Class B pody of waters such
as Bartlett Pond. The DEQE sampling thus indiecates that a

potential public health problem doer exist in Bartlett Pond.
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During September 1982, ghe DEQE collected two water
gamples from a section of Whitehorse Reach. Both contained total
coliform bacteria counts in excess of class SA standards, and one
contained 920 total coliforms per 100 ml, a level which would
result in failure to meet Class 5B standards and closure of the
beach if it occurred in greater than 20 perecent of the samples
taken.

pAdditional sampling conducted on August 23, 1983 by C.E.
Maguire, Inc. found relatively low fecal coliform levels at three
locations in Rartlett Pond, the highest one being 75 per 100
ml. These samples thus did not indicate the presence of any
immediate public health threat.

The lot sizes for the remaining portion of gubsection 1B
also average 5,000 sd. £ft. Although most of these lots may have
adequate depth to grouﬁdwater, their on-lot systems are in
violation of one or more of the minimum set-back requirements
except in cases where adjacent vacant lots are ouwned by the
individual homeowners.

Tn summary, Cthere are many lots on the periphery of
partlett Pond whose on-lot systems do not have the minimum
required depth to groundwater. Contaminants from these systems
are likely to be passing into the groundwater and eventually into
Bartlett Pond, adding to its already degraded state (the Lyons-
Skwarto report classified Bartlett Pond as ultra«eutrophie). The
major portions of the remaining area within subsection 1B cannot

meet one or more of the minimum setback requirements. Therefore
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this area 18 classified as having severe problems with wastewater
disposal and 1s in need of a wastewatber management plan.
gubsection 1C is known a5 the "Hilltop" section of
Manomet. As its name implies, this neighborhood 1is located on a
hill just east of Bartlett Pond and south of White Horse Beach.
Although most of the residences in this area are gccupied year-
round, some seasonal homes are scattered throughout the area.
ppproximately thirty percent of the residents of this
subsection reported that repairs had been made to their
systems. While this is not unusually serious, considering the
average age of the homes in this neighborhood 1is around 25 years,
it does not necessarily imply there are no problems. Referring
to Fig. u4-6, the average elevation petween Taylor Avenue and
Spruece St. 18 approximately 13.0 ft. with the estimated high
groundwater elevation at 9.0 ft. This leaves a depth of only 4.0
ft, to groundwater frow the ground surface. Since a minimum soil
depth of 6.0 ft. to groundwater is required for any type of
system, all homes in this area are out of conformance with the
code, and most of these systems are probably contaminating bthe
groundwater.

Also shown in Figure 4.6 is the 75 ft. minimum required
distance between the edge of water and a wastewater disposal
system. Any on-lot system within this strip is not in compliance
with the regulations of the Board of Health and may also be

contaminating partlett Pond.
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Most of the Hilltop area contains slopes of h-12
percent, Given the assumptions listed in Table H-2, and the
further assumption that a trench type system requires an
additional 1000-3000 sq. ft. in area if slopes are greater than
5 percent, any iot with a pit-type system within this area and
containing less than 8000 sq., ft. or any 1ot with a trench-type
system containing 1ess than 14,000 sg. ft. of area is not in
compliance with the present Roard of Health regulations.

Most of the repairs that have been made to the systems in
gubsection 1C have consisted of system enlargerwents. It was
determined from reviewing health department records that most of
the old on-lot systems were undersized, and this was largely due
to inadequate design guidelines at ¢ime of construction. The
present design requirements restrict the construction of on-1lot
systems on iots as small as those found in this neighborhood. AS
system failures occur, many of the homeowners are finding it
impossible te reconstruct systems on their lots without being
granted one or more varlances. cybsection 1C thus has many '
existing wastewater disposal problems and is considered a problem
area.

subsection 1D extends from Manomet Point Rd. to Rilltop
Ave. as shouwn 1in Figure U-5. 1t consists of approximatley 22
homes and a hotel.

There are eight homes located adjacent to an unnamed
marshy pond south of Taylor Ave. that are all within 75 ft. of

the shoreline, making them all in noncomplliance with the
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regulations of the Board of Health. Also the average depth to
groundwater along Taylor Ave. is approximately 3 ft. to h £,
indicating that most or all of the on-lot systems are in the
groundwater., Therefore, there is very little treatment of the
wastewater by the soil before it passes into the groundwater. A
sample collected by C.E. Maguire, Inc, from a small pond of
standing water in the unnamed marshy pond on August 23, 1983
contained 1100 fecal coliform bacteria per 100 ml., a value which
exceeds the Class B standard and may be indicative of
contamination by either on-lot systems or waterfowl. Because of
the likelihood of on-lot contamination of groundwater, Subsection
D is also considered a problem area.

subsection 1E encompasses the remainder of Section 1
extending westward from White Horse Rd. to the Pilgrim Nuclear
Power Station at Rocky Point. The lot sizes in this area vary
from 5,000 to 7,000 sq. ft. The soils in this area are similar
Lo those found in most of Section 1 (i.e., a coarse to medium
sand) with the exception of a small pocket of a less permeable
soil existing between Emerson and Cochituate Roads. The depth to
groundwater in this neighborhood is sufficient for any type of
on-lot system,

The average age of the homes in this subsection is
approximately 25 years. Therefore, the residents here have the
same types of problems concerning renovation of their sysbtems as
the residents of the Hilltop area, Although the lot sizes are

generally siightly larger, they are nevertheless too small to
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satisfy the codes. Those residents between Emerson Rd. and
Cochituate Rd. will have the greatest difficulty in replacing
their systems because of the larger ieaching area prequired due to
the more impermeable gsoil layer existing between these streets.

The sampling conducted by the Massachusetts DEQE during
July and pugust of 1982 found relatively high total colifornm
wacteria levels in 2 section of Priscilla Beach. The total
coliform counts of four samples taken during this perlod ranged
from 79 to over 1,600 MPN per 100 mi. The Class sp standard for
this location, as published in the n4assachusetts Water Quality
gtandards’, states total coliform pacteria shall not exceed a
median value of 70 MFN per 100 ml and not more than 10 percent of
the samples shall exceed 230 MPN per 100 ml in any monthly
sanpling period. The levels measured are not coneclusive evidence
that some of the systeﬁs are not properly treating the wasbes,
put do indicate that this may be the case. Only an extensive
survey over a 1long period of time would be concliusive.

in sumpmary, section 1 of Manomet f[rom Rocky Point toO
Manomet Point is densely populated. The on-lot wastewater
disposal systems in general for the entire section arec
undersized, and replacement, where needed, will be permitted only
in portions of the section where variances to the state and local
codes may be granted by state and local nealth officials. The
entire section i{s considered to be a problem area in need of a
wastewater management program. Because of potential health

problems associated with on-lot systems located in areas with
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high groundwater and areas in close proximity to surface waters,
variances are unlikely to be granted to 1ot owners in gubsections
1A and 1D and portions of gubsections 1B and 1C. These
subsections are thus considered to have serious wastewater
problems.

gection 2 of Manomet extends rrom White Horse Rd. along
Route 3A to the intersection of Manomet Point Rd. This area is
mostly a commercial area consiating of hardware and grocery
stores, a coupie of small shopping piazas and a larger, recently
built shopping plaza, £as stations, and other pusinesses. Lot
sizes vary [rom approximately 5,000 sq. ft., up to one or more
acres,

Very feu existing problems were reported in this area,
and only a few permits have peen issued for repairs to these
systems, Tnis is probably & result of the light use that an on-
lot system receives from commercial ostablishments such as the
ones found in the area. Also, most of the lots are large enough
to replace an on-iot system one or more times if needed.
Therefore, this section does not appear to have any serious on-
1ot system problems.

gection 3 is known as Manomet Point. It is located to the
east of Manomet point Rd. and extends outward to the shore line,

as shouwn in Fig. 4-Y4. Most of the lots to the southwest of

scokes Pond are an acre or more in area, while the lots to the
north of Scokes Pond are very small averaging 5,000 sq. ft. in

area., However, the latter lots were not developed to maximun
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density, and the actual area available per house averages
approximately 10,000 sq. ft. Vacant lots in this area may be
available for further replacement of failed leaching areas.

Twenty-two percent of the residents of this section who
returned questionnaires reported repairs to their systems. This
is not a high percentage of fallures in light of the H3-year
average age of the homes. Thereflfore this is not a problem area.

section 4 is the area extending from Manomet Bluffs on the
north and centered along Route 34 to the south, terminating in an
area known as Cedar Bushes., Lot sizes range from 5,000 sqg. o,
in the older neighborhoods to 20,000 sq. ft, in the more recently
developed areas. GOne very large recreational body of water,
Fresh Pond, and the Wanno's Pond well are located in this
section,

Fewer than twenéy percent of the respondents from this
section reported problems with their on-lot systems, and these
incidents were distributed relatively uniformly throughout this
section. Because there is no evidence of a public health threat
in this area, and because it is likely that variances would be
granted to residents in this area seeking to replace their failed
on-lot systems, there doesn't appear to be a serious on-l1lot
disposal problem in this section. However, two potential
problems exist: maintaining the water quality of Fresh Pond, and
protection of the Wanno's rond well., Fresh Pond was classified
as mesotrophic by Lyons-Skwarto associates and ranked sixth in

quality out of forty-one ponds studied in Plymouth. Fresh Pond
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is quite large, consisting of over 300 million gallons in a bz-
acpe pond. Although there are approximately g homes on the
shore of Fresh Pond, the on-lot systems probably have &
negligible input of nutrients when compared to the effects of the
y5+ acres of cranberry bogs nearby (primarily due to the large
amount of fertilizers used in the bogs).

The Wanno's pond well supplies approximately 10 percent of
the total water used by the Town. pssociated with the well is a
recharge area which is part of the aguifer protection district
shown in Fig. H=2. As mentioned previocusly, no future unsewered
development will be allowed on lots smaller than 40,000 square
feet in a recharge area for a well. But, because of exisbing
development on lot sizes of less than 40,000 square feet, any
future development must be carefully controlled along with
periodic sampling of the well.

section 5 exbtends from Cedar Bushes to the Indian Hill
area, as shown in Fig. h-4. Almost all of the development has
occurred east of Route 34, with only 2a few homes and the Indian
prook School existing to the west of Route 3A. The average age
of the homes 18 approximately 24 years, and the soils are of a
coarse to mediug-grained sand with a strip of hardpan lying along
the bluffs south from indian Brook to the qurfside Beach area,

only 14 percent of the residents of this section reported
having made repairs to their systems, and 28 percent reported
1imiting their water use as a result of on-lot disposal

problems. These percentages are not high considering the average
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age of the nomes. Also, the residents reporting 1imited water
use could probably expand their systems to inerease€ the amount of
water disposed, remembering that the system design of twenty
years ago provided 1eaching areds that are inadequate by today's
standards.

Indian Pond i3 the only significant pody of water in
gection 5. The Lyons-Skwarto report ranked this pond 36th in
quality out of the W1 ponds studied, classifying it as ultra-
sutrophic., HOWEVETD, its shallow depth (average 18 y feet) and
the fact that there are OVer 80 acres of cranberry DOES in its
drainage basin are more likely causes of its poor water qualitby
than wastewater from the few homes that are ad jacent toO it.

In summary, ghere do not appear to be any wastewater-
related problems of a serious nature in Section 5.

seotion 6 is the final area in Manomet to be considered,
1t extends from indian Hill to Rayside Beach. The average age of
the homes is twenty years, and the lot stzes vary from 5000 =4q.
ft. to one acre OF more.

Only 13 percent of the residents of this section reported
problems with their on-lot systems, and this is not high in 1ight
of the average AaBe of ithe homes peing twenty years.

Two of the ponds in this area, Morey Hole and 3hip pond,
were studied in the LyonsaSkwartc report, and both were
classified as eubrophic. However, no conclusions wWere drawn as

to the cause of their degraded state.
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The Ship Pond well 1is located off of Ship pond Rd. Jjust
west of Route 3A. This well supplies approximately 6 percent of
the Town's total water supply. There is some development located
within the cone of depression for this well. However, this
development has yet to prove detrimental to the water in the
well. As with the other supply wells in plymouth, this well
should be regularly monitored as development within the recharge
area increases.

This section of Manomet does not have any current on-lot
disposal probliems that are serious enough to designate it as a
problem area.

Mare Pond Area Located in the southernmost section of

plymouth, the Mare pond subarea abuts Bourne on the south and
Wareham on the west. The neighborhood to the south and west of
Mare Pond, called Buttermiik ghores, is bpaslcally a year-round
community with lot sizes averaging 7000 - 8000 sq. ft. in area,
while the remainder of this area consists of development
surpounding Bzekiel, Wall and Big Sandy Ponds with lot sizes
ranging from 5,000 - 20,000 sq. ft. and averaging around 8,000
sq. ft. in size. Buttermilk Shores 18 seryiced by the Buzzard!'s
Bay Water Co. The homes surrounding the remaining ponds have
private wells.

Four ponds in this area were investigated in the Lyons-
gkwarto report. gzekiel, Little gsandy, and Wall Pond were
classified as eutrophic, while Big Sandy was classified as

mesotrophic. All but Little Sandy have substantial development
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around them, However, it was not determined whether or not the
on-1ot sysbems are contributing exceasive nutrients bto the ponds
or if the morphology of the pond lends itself to eutrophication.

Very few wastewater-related problems wWere reported 1in this
area. Most of the homes that did report problems were OVEr 20
years of age, OF in the upper part of the range of expected life
for an on-1lot system. Thus, this area is not considered to have
serious wastewater problems.

Saquish. Although Saquish is politically 2 part of
pilymouthn, the area is segregated from npainland" plymouth by the
harbor, This community is geographically more a part of the Toun
of Duxbury, being located on the southeastern tip of Duxbury.
This area is a Summer community consiasting of cottages on lotis
that average 5,000 =4q. ft. in areca. The average age of the
cottages 1is 30 years,

The number of reported problems (four) was very low, This
is attributed to the fact that the homes are principally used on
weekends, allowing the on-lot disposal systems ro rest during the
veek, Four residents also reported their wells as having poor
water quality. However, most of the lots 1in gaquish are very
small, and it is doubtful that any of the homes have the minimum
required distance between their wells and leaching fields.

The biggest problem for this area 1is 1ts iack of water
services. A community water service would be of & greét benefit
to these cottages. However, thatl topic 1is peyond the scope of

this study.
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Because this area {s a summer community and has a very low
number of reported problems, this area is not considered Lo have
a serious wastewater problem.

South Pond. This subarea is located in central Plymouth,
abutting Route 3 on the north, and extending to the southern
border of Plymouth, encompassing Myles gtandisn State park, This
section of Plymouth is very sparsely populated.

No major problems were reported, and those nomes that did
report past problems averaged 3% yrs in age. The two ponds
classified by Lyons-Skwarto as eutrophic, Hoyts and Russell Mill,
each have only a few homes surrounding them. Hence, thelr
eutrophic state 1s arobably not attributable to the on-lot
systems in the area. The South Pond subarea is not considered to
be a problem area.

Warren Cove. This area , located in the north central

part of plymouth, 1is one of the more established areas of
plymouth, with the average age of the homes being around h3
years. The lot sizes vary substantially, with some of the older
homes occupying more than one acre and an average for the entire
area of approximately 15,000 sq. ft.

The soils in this area differ slightly from those in the
ma jority of piymouth. The area to the northeast along Rocky Hill
Rd., consists of stoney, coarse, sandy loam with slopes from 3 to
25 percent. In the lower lying areas, just east of Chiltonviile
and surrounding the Plymouth Country Ciub, there 1is a wide

variety of soil types. The majority of these s0ils are s50mME
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variation of a sandy loam with some silty loams with slopes
ranging from 0-15 percent.

Although 26 percent of the questionnaire respondents
reported past problems and 19 percent evaluated their systems as
being fair or poor, this is not considered to be serious, because
the average age of the homes is U3 years. It could be expected
that every home would experience a probliem at ieast once in 20
years. DBecause the lots in this subarea are large, tﬁere is
generally sufficient space available to replace a failed leaching
area,

Bert's Restaurant, located on the waterfront in the lowest
part of the area, does have recurring disposal problems, The
restaurant's on-lot problems appear to be due to a lack of
leaching area. This 1ot is small, and it is doubtful if the
proper type of treatmeﬂt is available for the amount of wastes
that are discharged into the system.

A relatively high coliform bacteria count (1600 fecal
coliform per 100 ml) was measured in a sample of water taken from
the Fel River by the DEQE in June, 198C. While no correlation
has been made between tne high count and the homes bordering the
river, it is possible that these bacteria are wastewater related,
and further study (beyond the scope of this study) will be
necessary to trace the bacteria to their source.

Overall, there are not any widespread wastewater-related

problems of a serious nature in the Wwarren Cove subarea.
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West Plymouth, This subarea 1S located in the westernmost
part of Plymouth abutting North Plymouth along Route 3. The Town
of Kingston borders it on the north and Carver oOn the
southwest. This is a relatively new area in Plymouth, with most
of the development occurring within the last 15 years. The
ma jority of the new homes are located between piympton Rd. (Route
80) and South Meadow Rd. This subarca includes commercially-
soned land on poth sides of Route Wi adjacent to Route 3. There
also exists approximately 230 acres of undeveloped residentially-
soned land along the north side of Routes Hi and 80 extending Lo
the town border, a triangular shaped piece of land consisting of
75 acres that is commercially zoned and has yet to be developed,
and approximately 400 acres of industrially—zoned iand that has
yet to be utilized. Thus, this subarea has a jarge growth
potential of which only a small portion has been tapped.

There were relatively few problems reported [rom this
subarea in the questionnaires. with approximately 4o percent of
the homes responding, only 5 percent (%0 homes) reported repairs
to their systems. Because most of these homes Were puilt prior
to the adoption of more stringent design regulations by the Board
of Healith, most homes requiring repairs probably have had
underdesigned systems, in most areas of West Plymouth, the lots
are ilarger than 20,000 square feet, Hence, sufficient area
generally exists to expand those ieaching areas which were

originally undersized,
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Most of West piymouth lies within the Town of Plymouth
Aguifer protection District {refer to Fig. 4-.2), Much of this
area overlies the recharge area of the yorth Plymouth Well, as
shown in Figure 4-7. This is an important well for Plymouth
because it currently provides approximately 35% of the public
water supply for the Town of Plymouth. samples of water
coliected at the North Plymouth well have not yet shown elevated
concentrations of nitrates or bacteria, parameters which would be
indicative of contamination by on-lot systems, Wastewater from
the industrial park in the vicinity of tne North Plymouth well is
discharged to SewWers and conveyed out of the recharge area to the
wastewater treatment plant. The Town's Agquifer Protection Bylaw
(included in Appendix K) presently prevents residential
development on lots smaller than 40,000 sq. ft, within this
recharge area and aisc prevents Lhe on-lot disposal of industrial
and commercial wastewater "containing contaminants other than
normal domestic waste."

West Plymouth is an area for future consideration.
pAlthough there is no present sign of well-water contamination Dby
the housing or the industrial and commercial development in the
recharge zocne, onily Vvery limited and controlled future growth can
take place to prevent the possibility of well contamination
unless sewers are extended into the area. such limited and
coptrolled growth is gg&_consistenh with the Towuwn's economic
development plan which was accepted at the Annual Town Meeting

for 1980 and called the nyillage Centers Pian",
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Summary

Several serious problems exist in the existing sewered
area of Plymouth. The wastewater treatment plant is
hydraulically overloaded, largely due to the infiltration of
groundwater into the Town's sewer system., As a result, the plant
is in vioclation of both its permit value for flow and the
Massachusetts Ocean Sanctuaries Act. Because of the overload,
episodes of bypassing of inadequately treated wastewater occur
several times per year., The WWTP is not equipped to dewater
sludge, resulting in the storage of sludge solids in the
treatment units at the plant. During periods when flow through
the plant is high, these solids are often flushed into the plant
effluent, causing violaticn of the plant's permitted value for
suspended solids. Other deficiencies also exist in the
collection system and at the Night Soil Disposal Facility, as
discussed in the text.

Only one of the Toun's ten unsewered subareas is currently
considered to have problems serious enough to require immediate
attention. This is the Manomet area, and more specifically, the
area surrounding Bartlett Pond. The problems are dense housing
and high groundwater, both of which are likely affecting the
quality of the water in Bartlett Pond and along Priscilla and

White Horse Beaches., The West Pilymouth subarea is a potential

problem area if development proceeds without sewers.
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Nene of the remaining subareas have the problems nor the
potential for serious problems that Manomet and West Plymouth
have. Most of these subareas are sparsely populated or consist
of lots that are large enough to maintain properly functioning

on-lot systems,
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CHAPTER 5

WASTEWATER MANAGEMENT METHODS

General

.Since wastewater disposal problems have, in the past,
existed throughout developed areas in Plymouth, it can reasonably
be expected that problems will occur in areas of future
development. This wastewater management plan inecludes an
evaluation of the existing needs of the Town as well as the
projected needs in both existing and future developments.
Construction of sewers in areas experiencing on-lot system
problems may be the most feasible alternative in some cases, but
in other areas, particularly sparsely-developed ones,
alternatives to sewers must be given serious consideration.

Priorities for providing solutions can be established on
the basis of need, economic feasibility and public demand for
improvements. Where density of development is high, soils are
unsuitable, additional land is limited because of small lot
sizes, and severe problems exist, installation of sewers is the
most desirable long-term solution to eliminate detrimental
effects of wastewater overflows tc lawns, contamination of
surface waters and groundwaters, and the obiectionable aesthetic
impacts to sight and smell. Other areas of lesser development
which do not experience frequent or severe problems can be
provided with interim measures to deal with relatively isolated
problems. A review of structural and non-structural alternatives

has been made to determine their feasibility and applicability,
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including measures to upgrade or extend the life of on-lot
systems. Extended (permanent) use of on-lot disposal systems is
probable only in those areas where zoning and land use provide
space for continued replacement of leaching areas.

Ho Action Alternative

A '"no-action” course on the part of the Town of Plymocuth
is a non-structural alternative which would result in continued
worsening of existing problems and would forego the opportunity
to develop the most economical solultion to existing and potential
problems. '"No-action" is considered unacceptable in terms of
maintaining and improving the gquality of life in Plymouth with
respect to protection of public health, degradation of the
natural environment and the aesthetic guality of public and
private property and provides no alternatives for homeowners who
develop problems in the future,

At the other end of the spectrum, construction of sewers
for the entire Toun is unwarrénted on the basis of existing needs
and extreme costs. A plan must be developed which solves, in the
most economical (cest-effective) manner, existing problems and
precludes or minimizes future problems.

Evaluation Criteria

The cost impact of sewer systems usually generates
considerable public and offiecial attention. In recent years, the
eligibility and cost-effectiveness requirements for federalily-
funded wastewater collection systems have been defined by the EPA
{similar requirements exist for state funding). The major EPA
requirements are summarized below:
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1. Construction of new sewers ls eligible for federal
funding if areas to be served contained substantial
human habitation on Gctober 18, 1972.

2. It must be demonstrated that new severs are necessary
and are the most cost-effective solution,

3. Problems created by existing on-lot systems must be
documented., A community survey can be made if
necessary to collect this information,

i, Unfavorable characteristics for on-lot systems (soils,
groundwater, rock, etc.,) must be documented.

5. Where population densities are less than 10 persons
per acre, alternatives to sewers must be evaluated
including:

a. improved operaticn and maintenance of on-lot
systems
b. upgrading existing on-lot systems with new septiec
tanks, leaching areas or mounds (filled fields)
¢, use of holding tanks
d, neighborhood or cluster systems serving several
houses
e, wWater conservation and reuse
Evaluations under these criteria must consider the
sultability of any alternative measures to achieve with
reasonable certainty and reliability the goals of protection of

public health and maintenance of water quality. Various
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alternatives for improving existing wastewater management are

presented below.

Central Wastewater Collection

Central collection is a structural alternative, which
provides the most positive means of removing wastewater from
densely developed areas. Several options available under this
alternative are explained below. The types of collection systems
available are gravity {conventional), vacuum and pressure sewers.

Gravity Systems. This alternative has been universally

emploved for collection of_wastewater. The system is the
simplest conceptually, in that natural topography is used Lo
allow the wastewater to flow by gravity'through a network of
pipes to a desired point. There is little maintenance with these
systems excepting a yearly inspection and occasional cleaning and
flushing. The systems canﬁbe limited by natural topography, and
pumping is required in some gravity systems as an alternative to
unreasonably deep sewer construction.

Vacuum Sewers. Vacuum sewvers empioy a central vacuum

sopurce which is maintained at a negaltive pressure, A gravity-
vacuum interface valve separates almospheric pressure in the home
service or toilets from the vacuum in the collection main., When
the interface valve opens, wastewater enters the main, followed
by a volume of atmospheric air. After a preset interval, the
valve closes. The liquid, ealled a slug, is propelled into the
main by the differential pressure of vacuum in the main and the

higher atmospheric pressure benind the slug. After a distance,
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the slug is broken down by frictional and gravitational forces,
allowing the higher pressure zir behind the slug to slip past‘the
liquid. With no differential pressure across it, the 1liquid then
flows to the lowest local elevation and vacuum is restored to the
interface valve for the subsequent operation. When the next
upstream interface valve operates, identical actions occur, with
that slug breaking down and air rushing across the second slug.
That alr then impacts the first slug and forces it further down
the system, After a number of operations, the first slug arrives
at the central vacuum station, When Lhe wastewater accumulates
in the collection tank at the central vacuum station, a sewage
pump is actuated to pump Lhe wasiewater to another system.

Vacuum sewer technology is new, and there are very lew of
these systems currently in use, One of the major drawbacks of
using new techniques ig that improvements are constantly being
made on the equipment, and some parts may be quickly outdated
with replacements being difficult to order.

Vacuum systems are limited in the 1ift available, and are
therefore best suited to flat terrain., These systems may be
adversely affected by low initial use-to-design ratios because of
inefficient operation and high cest per unit of volume of
wastewater transported. Generally, all system malfunctions

result in wastewater accumulation at the honme,

Pressure Sewers. There are two major types of pressure

sewer systems: the septic tank effluent pump (STEP) system and

the grinder pump system. The major differences between these

CDB-7018R0O0D305 Plymouth 5=-5H BB: fpc 03/05/84




alternative systems are in the on-lof equipment and layout.
Heither system requires any modification of household plumbing.
In both designs, wastewater is collected in the building sewer
and conveyed by gravity to the pressurization facility. The on-
lot piping arrangement includes at least one check valve and one
gate valve to permit isolation of each pressurization system from
the main pressure sewer, Both systems have the advantage of
relatively low capital cost for pipeline construction, as
pressure sewers are smaller and shallower than gravity sewers,
Because of their shallow depth, pressure sewers may also be
constructed more easily in densely developed areas than gravity
severs,

In the STEP systems, wasbtewater receives intermedizte
treatment in a septic tank, and the effluent flows to a holding
tank which houses the pressurization device, control sensors, and
valves required for the system. Small centrifugal pumps pump the
effluent from the tank to the pressurized system, The primary
disadvantage with this system is that the septic tank must still
be pumped out periodically, just as with a conventional on-lot
disposal system.

In the grinder pump system, wastewater from the building
sever flows by gravity to a grinder pump. The pump can be
located either inside or outside the building, although the
basement location is preferable for easier access and
maintenance, All solids are mascerated by the grinder pump, and

the effluent is discharged into the pressurized pipe convevance
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system. This system has been used in several lcocations
throughout the United States and Europe and is considered very
reliable. Many problems assoclated with earlier installations
have been eliminated. Thus, the grinder pump system is
considered a viable alternative under appropriate conditions,
such as when there 13 inadequate space in which to construct a
conventional gravity wastewater collection system or to provide
the septic tanks needed for a STEP System.

Cluster (Neighborhood) Systems

Small wastewater collection and disposal facilitles could
be considered for developed unsewered areas which have been
designated either existing or potential on-iot disposal problen
areas, Neighborhood systems have promising applications where
development 1s in clusters and in areas remote from existing
treatment facilities., Several disposal options are compatible
with these systems, including subsurface disposal, land applica-
tion, and package treatment units with disposal to surface
waters. Each alternative requires a wastewater collection system
to convey the wastewater to a treatment and disposal site and has
advantages and disadvantages which must be evaluated in terms of

viability and cest-effectiveness.

Subsurface Disposal, Community subsurface disposal

systems (large leaching areas} which serve more than one house-
hold are generally limited to speclial applications where the flow

is low (less than 15,000 gallons per day) and land area is

abundant., The design of a community system is more sophisticated
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than an individual system and may require pretreatment, and a
wastewater collection system would be required to convey the
septiec tank effluent from the households to the leaching field
site. The Massachusetts DEQE rules and regulations must be
strictly adhered to,

Land Application, On a very small scale, this option

generally has relatively high capital costs due to requirements
concerning pretreatment, storage, distribution, buffer zones and
fencing. Subsurface conditions c¢an restrict the location of
these facilities and create additional costs. Generally, other
alternatives will be more cost-effective, environmentally sound
and acceptable from the public's poinlt of view. This alternative
is most attractive for larger cluster systems which have no low
cost alternative available for discharpge to surface waters,

Package Treatment Plants., Commercially available

wastewater treatment plants, or "paclkage plants' are sold as
prefabricated units or in early assembled components. They are
available with capacities up to 1 mgd, but are not commonly used
for flows of greater than 200,000 gpd. These units have higher
manpower requirements associated with their use than other
community systems. They cannot be installed and expected to run
by themselves. Daily attention is required, and anything less
will result in an inefficient operation, The most common package
plants utilize the activated sludge process, which produces a

secondary effluent requiring disposal,
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Discharge of treated effluent to inland waterways may
cause degradation of small streams which previously received no
wastewater effluent and may jeopardize the public water supply.

On-Lot Disposal

Requirements for on-lot disposal systems are established
under Title 5 of the State Environmental Code (current edition
dated January 1, 1978) and supplemented by regulations of the

Piymoutn Board of Health effective Januvary 1982, as discussed in

Chapter L, Current ruleé prohibit the installation of cesspools,

and a septic tank leaching area system is required f{or on-lot |

disposal. |
The following sections desceribe various methods for

addressing on-lot disposal problems, including structural and

non-structural alternatives,

Improved Operation and Maintenance Practices. Periodic

removal of sludge and scum from septic tanks and cesspools by
pumping 1is necessary to prevent leaching area clogging. On-lot
systems have been known to give service for 20 years or more
without pumping. However, most systems would be expected to fail
in a much shorter period of time under such circumstances. Some
authorities recommend that a sepiic tank or cesspool be pumped
every three to five years, A more positive approach in determin-
ing when to pump {and one which recognizes the variability of
sludge and scum accumulation rates) is to inspect the tank

pericdically, and measure the amount of sludge and scum
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accumulation. The U.5. Public Health Service recommends such
inspection at least once a year,

Annual inspection and pumping of septic tanks will not
guarantee the permanent functioning of an on-lot system, but it
will ensure that the efficiency and life of a septic system will
be maximized, This practice can alsoc defer the need for
extensions of the sewer system. The cost for pumping out a
septic tank can vary from $35 to $75, but typically is about $60
in the Plymouth area.

in Plymouth, virtually all on-lot systems are privately
owned and operated, the vast majority by individual homeouwners,
Thus, there is no institutional system that presently assumes
thelr operational responsibilities. This can be attributed
largely to the fact that properly installed on-lot systems
require relatively little éperationa} attention (i.e,, periodic
inspection and cleaning), It is widely acknowledged, however,
that homeowners are typically derelict in providing even this
minimal degree of attention, their usual cperational undertakings
being limited to responding when malfunctioning oceurs by having
the tank pumped out. The primary cause of such neglect is most
likely one of simply not knowing that septic tanks require
periodic maintenance, nor being aware of the consequences of
neglect. Based con the questionnaire returns, it is evident that
a very significant number of homeowners in Plymouth never have

their septic tanks and cesspools cleaned.

CDB-7018R00305 Plymouth 5-10 BB: fpec 03/05/84




Local jurisdictions are not always fully aware of
operational problems with on-lot systems in their areas due to:
1) the lack of a regular inspection program and 2) the reluctance
of homeowners to report problems (or answer questionnaires) that
might violate health codes and require action on their part. The
lack of such awareness tends to make on-lobt systems appear more
successful than they are; it is therefore quite likely that there
are more individual disposal system failures in some areas than
have been reported.

The primary concern is one of improving the maintenance of
existing and new on-lot systems. Alternatives for doing s0 are
as follows:

1, Educational Program - This could be initiated by

Plymouth's Board of Health. Its purpose would be to inform
individual on-lot system owners, both present and future, as to
the need for proper maintenance, how to go about providing it,

and the consequences of neglect, One way of providing the

information is to distribute leafllets directly to individual
homeowners via the mail or otherwise.

2, Imposing Maintenance Requirements - This is really a

regulatory function, but it is presented here for convenience,
Under this alternative, the Toun could impose the requirement
that all on-lot systems be inspected and pumped on a periodic
basls (say, every two or three vears). It could be made

retroactive in addition to beling requiréd of all future septic

tank installations. Such a regulation could be enforced by
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reguiring each owner to forward a certificate of inspection to
the Town every two or three years, This certificate would be
issued by Town-permitted septage hauvling firms. Failure to
forvard the necessary certificate would subject the homeowner to
fines set at a rate sufficiently above the cost of inspection and
cleaning so that it would be more attractive to the homeowner to
lrave the on-lot system inspected than to be faced with the fine.
This enforcement approach, although theoretically effective, is
somewhat impractical.

Instead of such a comprehensive enforcement program
directed at homeowners, the Town could require septage hauling
firms to maintain accurate records that are transmitted to the
Touwn each year. This record keeping requirement could be imposed
by Town as a condition to each firm's permit. The Town would
review those records to identify on-lolt systems which have not
been inspected or cleaned for a set period of time and then issue
notices requiring inspections. Again, the administrative burden
associated with this approach makes it somewhat impractical.

Lastly, and perhaps more practical f{rom an administrative
standpoint, is to require each on-lol owner, both present and
future, to enter into a service contract with a Town-permitted
setage hauling firm under which the tank is to be inspected and
cieganed in accordance with Town requirements., This service
contract would be in effect for the 1ife of the system. Present
on-lot system cwners would be given individual notice of this

requirement and an adequate period of time to comply. As regards
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future on-lot system installations, such a contract could be a
condition of Town approval of the system prior to its use. In
order to monitor this mechanism, the Town could require annual
reports to be submitted by the septage hauling firms.

3. Operation by the Town - Under this alternative the

Town would assume responsibility for the proper maintenance of
on-lot systems within their jurisdiction {it could also be
responsible for installation). As its major responsibilities
Wwith regard to septic tanks, the Town would conduct periodic
inspections, perform the necessary cleaning and septage disposal,
respond to problems, and perhaps monitor groundwater guality in
designated areas. Advantages of this arrangement include:

1) improved maintenance; 2) possibility of Federal grant
assistance (EPA has expressed a concern about the tendency %to
install public sewers in areas where septiec tanks, or other on-
lot disposal systems would be adequate, and has stated that
grants will me made more available for on-lot disposal systems);
and 3} institution of a means to investigate and implement
cluster systems (i.e., septic tanks serving more than one

home). The agency empowered to inspect individual disposal
systems should have the legal right of reascnable access to
private property for purposes of inspection and cleaning. As
regards financing, there are several options: 1) flat monthly
charge from all septic tank users; 2} sanitary property tax levy;

3) monthly charge pius billings for actual ecleanings made;
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) special assessments; and 5) rate equivalent to that charge to
users of the sewer system,

By conducting maintenance programs on a municipal scale,
adequate operating records could be maintained and useful
correlations established with site conditions and other
factors, To provide the information necessary to better assess
site suitability, detailed surveys of individual disposal systems
could be conducted to obtain more factual information concerning
system performance, Performance data might be expressed in the
form of "survival curves"¥ which plol the percentage of
individual systems which have failed versus system lifetime and
other relevant parameters such as generalized soils data, The
extent to which generalized soils data correlate with actual
performance of individual systems could be bebtter established,
If adequate correlation is found, soils surveys should be
completed in those areas for which detailed soils data are not
available., Furthermore, more intensive inspection programs could
become feasible, including, for example, bacteriological testing
of adjacent streams and ponds. One of the greatest factors
leading to misconceptions about the adequacy of septic tanks is
the lack of accurate records of performance on the local level,
Where comprehensive surveys have been conduclted, the results

often refute the assumption of satisfactory service,

¥Cotteral, J. A., and Norris, D. P., 1969, "Septic Tank
Systems,® Journal of the Sanitary Engineering Division, ASCE,
Vol. 95, No. SAl (August 19697.
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An effective surveillance and maintenance program would
include the periodic inspection of each on-lot system to ensure
that septic tanks were pumped and defective systems repaired or
replaced as necessary. FEach on-lot system should be inspected
every year. More frequent inspection may be warranted in
critical areas such as areas adjacent to lakes and in cases where
failure is anticipated but not yet apparent. Each inspection
should determine the general condition of the on-lot system with
particular reference to any structural defects,the need for
siudge pumping or grease removal, and signs of current or recent
failure of the drain field., Where evidence of possible failure
appears, additional inspections scheduled for periods of adverse
conditions should be arranged. The inspection should include a
reconnaissance of the area reserved for replacement of the
leaching field, to check for incompatible use. A program of
thorough and regular inspection of on-lot systems conducted by
trained inspectors will reveal system malfunctions as they
occur, When defects are uncovered, prompt and effective remedial
action should be taken,

Problems affecting the septic tank or the dislribution
system are normally straightforward and simply corrected at
reiatively low cost. Fallure of a leaching area, however,
requires the design and construction of a replacement system and
is as complicated as the original system design. The reservation
of a leaching area replacement equivalent toc the size of the

original leaching area will ensure that a replacemsnt system can
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be installed, The adequacy of the site for the replacement
system should again be thoroughly investigated., The agency will
then have the advantage of specific knowledge of the
construction, maintenance, performance, and life of the original
system on that site, and should be able to predict the
performance of the replacement system, The possibility of
variations in local conditions, however, makes adequate
subsurface investigations a prerequisite to replacement system
approval.

When a leaching area is inst¢alled to replace one which has
failed because of the normal loss of infiltrative capacity
resulting from cumulative clogging, an excellent opportunity is
presented to take advantage of the heneficial effects of leaching
area testing. A diversion box should be installed which will
permit the alternating use ‘of either the initial or the
replacement drain field. Several years of rest for the original
drain field should effect sufficient recovery to allow subsequent
periodic alternation., By this procedure, total system life can
be extended beyond the sum of the lives of the two drain fields.

Although the notion that a Town authority is to inspect
and operate individual disposal systems may seem to be an
overvhelming task, the assumption of responsibility could be
staged to permit the Town to develcp an orderly program,
Initially, the Town might assume authority for all new

installations and for existing installations in certain fallure-
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prone areas. Remaining areas would then be included as problems

developed.

Upgrading Existing On-Lot Systems. Replacemenit of

existing failed leaching areas, by installation of new leaching
areas of approved design, is often an alternative to sewers.
There are a few areas within the Town where high groundwater
and/or steeply sloping land exists. The replacement of a failed
leaching field in such areas will not alleviate the problem, and
an alternative means of disposal should be ccnsidered.
Replacement of the leaching field will serve to "buy time" for
the homeowner, but the homeowner may well be faced with
replacement of the system again within a short period., Continued
replacement of leaching fields is further limited in some areas
by the availability of land for replacement of the leaching area.
Replacement of éxisting leaching fields with "mound
systems" (filled fields) is another alternative, Under this
alternative, the leaching area is raised above the natural soil
by building a leaching area on a pervious fill material, usually
sand. This technique may be used for on-lot disposal where
shallow permeable s0ils exist over impermeable soils or over
water-saturated soils. The distribution pipes are placed in
graded gravel which overlies the sand mound. The pipes are

covered with additional gravel, fill material, and topsoii.

Effluent from the septic tank is normally pumped to the filled

field, where it seeps through the fill material,.
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In order to ensure adequate drainage of effluent through
the £ill and into the underlying soil, mound systems are not used
in areas where the groundwater level is less than 2 feet from the
ground surface, or where bedrock is at or near the surface. In
all cases the completed system shall maintain at least 4 feet of
permeable material below the leaching area without the presence
of impervious material or groundwater.

Mound systems, where used with conventional septic tanks,
add no significant operating and maintenance costs (other {han
minor pumping costs) over conventional septic tank leaching field
systems. However, they do result in significantly larger capital
investments., Mounds require sufficient borders for sloping to
existing grade., The minimum area required bto .construct a mound
system is about 7,000 square feet. Due to the significant areas
required, mounds are most applicable to larger lots (a2t least
20,000 sg. ft. or meore),

Holding Tanks. Holding tanks simply provide storage of

wastewater; usually in an underground structure similar to a
septic tank, and are periodically pumped out. These tanks may be
constructed in areas whieh are unsuitable for any type of soil
absorption system, either because of impermeable soils, water
saturated scoils, or a limitation on the amount of land

available, A tank with a holding capacliity of one to four weeks!
wastewater production is normally installed, Included with the

tank is an alarm to nectify the homeowner that pumping is
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required. The tank is then pumped out by a septage hauler, and
the contents discharged to a wastewater treatment facility,

In addition to the high cost of frequent pumping, the use
of holding tanks on a large scale does not result in any
reduction in the size or cost of the wastewater treatment
facilities, as the septage hauler must convey the entire
wastewater Joad from a household to the treatment facility.
Existing treatment facllities do not have capacity to receive the
volume of séptic wastewater which would be generated from the use
of hoclding tanks, The use of large numbers of holding tanks
would alsc increase truck traffic throughout the Towuwn.

The use of holding tanks is not considered a practical or
long-term solution to wastewater disposal needs, but may
represent a possible interim sclution to problems encountered by
a homeowner where alternative wastewater facilities are likely to

be provided in a reasonably short period of time.

Waterless Tolilets., The variety of waterless tollets

presently sold ranges from incinerating toilets, which use
natural gas or electricity to combust wastes, to composting
toilets which use bicleogical oxidation to stabilize and reduce
the volume of waste material. Because the incinerating units are
energy-intensive and have been associated with mechanical and
odor problems in the past, their household use Is not herein
recommended. Composting toilets have been used for some time in
Europe, and are now being marketed in this country. Being an

aerobie process, the composting toilet requires a flue pipe and
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an adequate draft to draw air through the compost heap. The
manufacturers claim this ventilation maintains the desired
bacterial population and prevents odors and insects from entering
the house either through the toilet stool or through the chute
provided for garbage.

Title 5 regulations require that a properly functioning
septic system must be installed to treat waste streams from
sinks, showers and tubs, washing machines and other sources;
referred to as Mgray water'. The leaching area may be reduced by
up to 40 percent of normal requirements to account for the
reduced water usage in a house equipped with a composting
teilet, However, sufficient leaching area must be reserved to
expand the field to the normal size., The use of such toilets and
reduced leaching area is subject to written approval by the
State. Also subject to approval is the manner and location for
disposal of the end products of composting toilets. Title §
regulations require that the end product be covered in an
approved disposal area by a minimum of 2 feet of compacted earth,
which would prohibit the use of thisz material as a scil
conditioner and fertilizer. In addition, the buried material
must be at least 4 feet above the high groundwater level. Thus,
burial of a i-foot layer of humus, with U feet to groundwater and
2 feet to ground level, would only be allowed where surface depth
to groundwater is 7 feet or more.

Installation of a composting toilet is most economically

done in new house construction. The large zize of the unit
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{about 10 feet long, U feet wide, and 8 feet tall)} and the
radical plumbing changes makes retrofitting very difficult.
Self-contained units are available for existing homes but their
limited capacity (about two months) requires frequent toilet
cleanout. In addition, proper disposal of the end product during
wintertime's frozen ground conditions would be difficult.

The use of composting toilet requires suitable soil for
on-lot disposal of gray water, an approved site for burial of
end-products, and a basement with sufficient space to accommodate
the large composting unit. Their use in precluded on lots with
unacceptable soils for on-lot dispoesal or in houses with no
basement, Installation of composting teilets in existing houses
often involves extensive and costly remodeling, and installations
are restricted to the first floor level.

Improved Standards for On-Lot System Construction.

Minimum standards are required by Title 5 and Plymouth's
"Supplements to Title 5," as discussed in Chapter L, In
Plymouth, the Board of Health is responsible for overseeing the
design and installation of all on-lot disposal systems. A review
has been made of the applicable standards and the procedures of
enforcement, and we have concluded that the requirements of the
standards are being applied. Strict adherence to rules and
regulations for use of on-lot systems is a minimal requirement to
insure adequate functioning of these systems.

Title 5 allows the use of garbage grinders. Garbage

grinders contribute large amounts of additional solids to the
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watewater system. The concentration of suspended solids may be
25 percent to 100 percent higher in wastewater from a residence
equipped with a garbage grinder than in wastewater from a
residence wnich is not so equipped. The additional load
generated by garbage grinders can contribute to accelerated
deterioration of the leaching area, especially when frequent
pumping of septiec tanks is not practiced. Although the
Supplements to Title 5 require a 25 percent increase in the
sizing of a septic tank and leaching area to allow for the
increased so0lids loading, 1t is recommended that garbage grinders
should not be permitted with septic tank and leaching aresa
systems.

In pervious scils such as sand, where high percolation
rates are found, Title % permits a hydraulic leoading of between |
and 2.5 gallons per square:foot per day, based on the assumption
that the soil is the governing medium. The ?lymoufh "Supplement
to Title 5" permits s maximum hydraulic loading of 1 to 1.3
gallons per square foot per day. fThe basis of these permissable
rates, however, has been brought into question by some studies in
recent years which have shown that the bacterial layer which
accumulates on the surface of the leaching area.oan be the
governing medium, The authors of these studies have suggested
that loading rates should not exceed 0.35 gallons per day per
square foot of leaching area. These studies, then, suggest that
there should be some reduction in permissible wasbtewaler loading

rates.
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Another apparent reason for system failures is the

presence of fines in the soils surrounding the leaching area.

Title 5 requires a 2-inch layer of washed stone placed over
leaching trenches., This layer, however, does not prevent fines
from the overlying so0ils from seeping into the trenches. In some
installations, roofing paper has been laid over the stone to
prevent the entry of fines., While this precaution may be a
satisfactory preventative measure initially, the paper will
eventually deteriorate at which time the fines will begin to seep
into the trench, This condition could be prevented if a
synthetic filter fabric were used in lieu of the roofing paper.
Recent studies* conclude that a spunbonded polyfin fabric can be
utilized. The fabric is readily available, durable, easy to
apply and permits the leaching field to breathe while preventing
the entry of fines.

Water Saving Devices, Water conserving fixtures in the

home can have a measured impact on water usage and wastewater
guantities, Studies have shown that the conventional teoiliet
(about 5,5 gallons per flush) can account for as much as #0
percent of the average home's daily water use. Conventional
showers can represent an additional 25 to 35 percent of the
average water use. In order to effect any significant reduction

in water consumption, these two fixtures must be modified.

#¥Harkin, John M., "Status Report on the Porox (Hydrogen
Peroxide) Process," in Individual Onsite Wastewaber Systems,
Proceedings of the Sixth National Conference, ed. by N,I.
McClelland, Ann Arbor:Ann Arbor Science Publishers, Inc. (1979).
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Water-saving toilets are available which can reduce overall water
use an estimated 15 percent. Other devices such as faucet
aerators; water-saving showerheads, washing machines and
dishwashers; and the prohibition of garbage disposals would
reduce water use stili further,.

Another method which has been proposed for reducing water
use is the recyeling of so-called “gray water" through the
toilet., Gray water is the wastewater from sinks, baths, and
washing machines. The recyeling of gray water, even through
homes not eguipped with other water-saving devices, could reduce
use of water by 20 percent. Such & system would reqguire a
collection tank for gray water, a filter to remove solids, a
pressure tank to provide a supply of water under pressure to the
toilet, and a pump to recirculate the water. The regular drains
from the tub or shower, lavatory, and laundry must be
disconnected and the sewer connegction sealed., The drains from
these [ixtures must be repiped to the collection tank. The use
of this type of system in conjunction with water-saving
showerheads, washing machines, and dishwashers would reduce water
use still further,

It must be emphasized that the use of water-saving
appliances or systems does not eliminate the need for an on-lot
disposal system, The reduction in flow from a home using these
devices would allow lor construction of a smaller leaching field,

although sufficient land must be available to accommodate a full-

sized field. In existing homes presently experiencing
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difficulties with the on-lot disposal system, a reduction of the
fiow to the leaching fields could have some beneficial effect.
In general, the degree to which Lhe on-lot system would be
benefitted cannot be assessed. Variables such as the age of the
system, soil types, total water usage and other factors would
influence the increased efficiency or extension of the useful
life of existing systems whecih could be achieved,

It would be impractical to require water-saving devices to
be retrofitted in existing homes. A policy of encouraging or
requiring homeowners to install such fixtures at replacement time
would be feasible and is recommended., The Town should also
consider making the use of water-saving fixtures mandatory for
all new construction., Benefits to be derived from this policy
would be reduced area reguiremenis for leaching fields, potential
increased life of on-lot systems and lessening cf demand for
water services,.

The use of Ygray water” systems poses potential health
hazards which have not been fully resclved., 3Significant
quantities of organic material and microorganisms are contained
in gray water, FExposure to these untreated wastes could transmit
pathogens., Such contact is very possible, especially by children
who place their hands or toys in the toilet, The State codes
contain no express provisions for reuse of gray water, and such
proposals would be subject to review and approval by local and

State health authorities. Gray water reuse is not recommended.
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zoning and Land Use Controls. The effects of increased

lot sizes on septic system longevity are functions of
probability, rather than measurable performance criteria. A
larger lot provides greater area for location of replacement
leaching fields. If a mound system is to be constructed, the
area reguirements can be substantial, especially where
groundwater or impervious materials are near the surface.
Percolation tests and observation pits may be used to locate Lhe
most favorable disposal area within the expanse of the larger
lots. An increase to larger lot sizes of about 1 acre can have a
beneficial impact in those areas not yet developed. The future
pressures for public sewerage would be lessened, and potential
growth would be reduced in areas of rezoning. Plymouth's Aquifer
Protection By-Law, discussed in Chapter 4, limits development to
i—acre lots in unsewered areas overlying the recharge areas to
water supply wells.,

The Town of Plymouth can and has exercised zoning and land
use as tools for controlling growth and to accelerate or retard
the pressures for sewerage. Existing developments which have on-
lot disposal problems have not been affected by zoning changes,
Larger lot sizes in areas of future development would maximize
the potential for successful on-lot disposal, but cannot
guarantee that extension of sewers would never be necessary.
Potential construction of multiple dwelling units and development

of publie or private recreational lands could have major impacts
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on public sewerage facilities and projected needs if present
controls are relinquished.
Summary

Several alternative methods for wastewater management have
been presented. Structural alternatives include conventional,
pressure, and vacuum sewers, as well as neighborhood cluster
systems. Other nonsewering structural alternatives which require
significant capital and operating expenditures include:

1. Upgrading existing on-lot disposal systems.

2. Holding tanks.

3. Waterless tollets,

Nonstructural alternatives for improving and extending the
use of on-lot disposal systems include:s

1. Improved operation and maintenance (O&M) practices.

2. Improved standards for on-lot system construction.

21, Water-saving devices.

4., Zoning and land use controls,

A review of the benefits related to improvementis of on-lot
disposal systems indicates that some non-sewering alternatives
have application in Plymouth. A summary of these factors and a
qualitative evaluation of associated impacts for each of these

measures are presented in Table 5-~1. Each of the alternatives

has potential for solving wastewater disposal problems and may be

suited for certain situations in Plymouth.
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TABLE

5-1. EVALUATION OF NONSEWERING ALTERNATIVES

Item

Applicability

Advantages

Pisadvantages

fieplacement of con-
venbional leaching
field.

Replacement of
leaching flield

with a lilled field
system,

Holding tanks,

Waterless tecilets.

Improved operation
and maintenance
practices.

Improved standards
for on-lot systems.

Suitable area must
be avallable for
replacement field.

Large lots with
suitable subsurface
conditions .~

Limited to use where
on-lof systems cannot
function and sewers
are nobt available.

Hew homes.

Desirable for all
existing and future
on-lot systems Lo
extend useful life.

Upgrade future
systems, expand
State criteria as
required.

l,east cost of
rehabilitation
techniques,

With sufficient
land the on-lot
system could be
extended
indefinitely.

Can be utillized
as last resort.

Reduces waste
load to septic -
system,

Low cost, most

effective tech-
nigque available
Lo homeowner,

Maximizes iife of
septic system.

Lack of space or
poor solls may
prohibit use.

Very high cost,
aesthetically
chtrusive.

High cost and
lack of treat-
ment facilities
for pumped
wastes.

Very high cost,
limited to first
floor installa~-
tion, difflcult
to retroflt,
disposal of end
product.

Difficult to
enforce,

HMay increase
initial costs.




TABLE 5-1

{Continuation),

EYALUATION OF HONSEWERING

ALTERNATIVES

Ttem

Applicability

Advantages

Disadvantages

Hater-saving
devices,

Zoning and land use
controls,

New and existing
homes.

Undeveloped land.

Low cost, reduccs

wastewabter volume,

water use, and

energy consumption.

Minimizes potential
demand {or munici-

pal facilitles,

Insignificant

Significant coat
increase for
private develop-
ment., Political
issue with in-
tense advocates
cn both sides,




Conclusions

In reviewing the alternatives described in this chapter
the following are given further consideration for potential
application in Plymouth,.

1. Pressure sewers,

2. Upgrading existing on-lot disposal systems.

3. Improved operation and maintenance practices for

existing on-lot systems,.

4, Holding tanks for interim use,

5. Improved standards for on-lot system construction,

6. Water-saving devices.

7. Zoning and land use controls.
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CHAPTER 6

WASTEWATER MANAGEMENT PLANNING

General

In Chapter Y4, the eleven study subareas within the Town of
Plymouth, their general characterisfics, and their associated
wastewater-related problems were identified. Chapter 5 defined
the various alternatives avallabie for the solution of wastewater
disposal and treatment problems.

Chapter 6 integrates Chapter 5 and the portion of
Chapter Y4 dealing with the ten unsewered subareas and the
existing collection system by discussing alternative solutions to
resolve the problems in each of the subareas identified as having
problems. Alternatives considered include conventional seuwers,
pressure sewers, upgrading existing on-lot disposal systems,
improved operation and maintenance practices for existing on-lot
systems, holding tanks for interim use, improved standards for
on-lot systems, water-saving devices, and zoning and land use
controls.

Analysis of Subareas

As previously summarized at the end of Chapter 4, there
are only two unsewered subareas in Plymouth that require a
detailed analysis for the determination of a solution to their
wastewater-related problems. These subareas are Manomet and West
Plymouth. Section 1 of Manomet (Figures 4-4 and 4-5) is

considered to be the only existing problem area within the
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Manomet study subarea. The industrially and commercially zoned
areas overlylng the recharge areas of the North Plymouth well,
shown in Figure U-3, are considered to be the only potential
provlem in the West Plymouth study subarea,.

Manomet. Section 1 has the most severe wastewater related
problems. The area is densely developed with an average popula-
tien density varying from 10 persons per acre during the off
season to 20 persons per acre during the summer, It is also the
only section of Manomet conditionally recommended for sewering in
the Section 208 Areawide Water Quality Management Plan prepared
by SRPEDD in 1978 "if the 201 study determines that on-site sewer
systems cannot function properly," as sewering other sections of
Manomet Ywould promote excessive development in that area."

As discussed in Chapter Y4, the great majority of the on-
lot wastewater disposal systems in Section 1 do not comply with
the current State and Town codes because of the small lot sizes
in this area. Because development in this section is presently
almost at saturation, the alternative of implementing more
stringent zoning controls is not applicable here. Upgrading the
existing on-lot systems to meet the codes by replacing or
expanding the leaching areas or providing mound systems is
impossible because of the lack of avallable space.

The use of water-saving devices and the adoption of
improved operation and maintenance practices for existing on-lot
disposal systems can be implemented !mmediately and with minimal

cost to the homeowner. Whlle these alternabives will reduce the
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probability of a failure, they are only partial remedies and do
not eliminate the contamination of groundwater by systems that
have insufficient depth to groundwater. For the portion of
Section 1 labeled Area A in Figure 6-1, an area which includes
Subsections 1A and 1D and portions of Subsections 1B and 1C, the
only alternatives available which can eliminate the potential
public health problem associated with wastewater disposal are the
provision of sewers and a wastewater Lreatment facility or the
provision of holding tanks with hauling of wastewater to the
Night Soil Disposal Facility in North Plymouth, 1In this area,
which encompasses 600 lots, it is unlikely that most homeowners
whose on-lot systems fail in the future would be permitted to
replace their systems, because: 1) it is unlikely that the
permitting authorities would grant variances to the code
requirements that systéms not be constructed on lots having high
groundwater or on lots in close proximity (75 feet) to surface
waters; and 2) it is unlikely that the permitting authorities
would grant variances to permit reduced on-lot system sizing in
cases where the required system will not physiecally fit within
the lot boundary.

However, in the remaining areas of Section 1, which fail
tc meet code requirements for reasons related solely to failure
to meet minimum setback requirements, it is likely that home-
owners will continue to be granted variances to replace failed
systems, as these systems would represent a lesser threat to

public health.
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Eight alternative schemes have been considered to reduce
the public health threat associated with on-lot wastewater
disposal in Section 1.

Under Scheme 1, shown in Figure 6-2, sewers would be
provided for approximately 1,200 lots in Areas A and B of
Section 1. Gravity sewers would be used wherever the topography
permits., Wastewater would be conveyed to a new wastewater
treatment facility, treated and discharged to the ccean or to a
land diSposél facility located nearby (as discussed in Chapters
8, 9 and 10).

Under Scheme 2, gravity sewers would be provided for only
Area A. This area would include all lots for which it is unlike-
ly that variances to code requirements would be granted in the
future, as well as a few adjacent properties which could
conveniently be incliuded at iittie additional cost. The
remaining lots in Section 1 would continue to use on-lot disposal
and would replace their systems with new systems as they fail,

The Massachusetts Executive Office of Environmental
Affairs has officially designated two areas in Section 1 as
barrier beaches (see Figure 6-2). These two areas contain
approximately §5 lots. The Massachusetts Office of Coastal Zone
Management (CZM) has issued guidelines for implementing Executive
Order No. 181, which established a framework for the management
of barrier beaches in the State {see Appendix K). The intent of
the executive order and the guidelines is to prevent the use of

federal and state funds for projects which would encourage growth
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and development on barrier beaches, which are dynamic landforms
that are considered unsafe for the contruction of permanent
structures, Under the guidelines, new sewer lines may not be
constructed on barrier beaches unless no other feasible alterna-
tive exists. CZM has indicated that in cases where sewers are
the only feasible alternative, the construction of gravity sewers
will not be funded, or even permitted, on barrier beaches. 1In
spite of the fact that it is highly questionable whether the
provision of gravity sewers on the Manomet barrier beaches, which
are already highly developed, would have any impact on further
development, only pressure sewers having capacity for serving
only existing development may be approved. Schemes 1 and 2 must
therefore be rejected,

Schemes 3 through 6 are included to address the CZM
concerns. Schemes 3 and 4 are the same as Schemes 1 and 2,
respectively, except that low-pressure sewers with grinder pumps
would be provided to serve the 95 lots located on the two barrier
beaches, It should be noted that 10" and 12" gravity sewers
serving areas beyond the barrier beaches would pass through the
barrier beaches along Taylor Avenue even if all houses on the
barrier beaches themselves are served by pressure sewers. 1In
order to avoid the presence of these gravity sewers along Taylor

Avenue, the following additional costs would need to be incurred:
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1. the costs of constructing and operating an additicnal
pumping station in the vicinity of Williams Avenue and
Taylor Avenue;

2. the costs of a pressure sevwer and grinder pumps to
serve homes beyond the eastern end of the barrier
beach in Subsection 1D; and

3. the cost of an additional force main having a length
of at least 4,000 feet to deliver wastewater from
Subsections 14, 1C and 1D around the western side of
Bartlett Pond,

It is therefore ‘deemed infeasible to avold a gravity intercepting
sewer along Taylor Avenue under these schemes,

Scheme 5 is the same as Scheme 2 except that the on-lot
systems on the barrier beaches would immediately be replaced with
holding tanks., Scheme 6 i{s the same as Scheme 5 except that the
holding tanks would be Installed gradually over a ten-year period
as the on-lof systems “fﬁiled“.

Two schemes were considered wherein no sewers would be
constructed in Manomet., Under Scheme 7, holding tanks would
immediately replace all on-lot systems In Section 1 which have
inadequate depth to groundwater or inadequate distances to a
surface watercourse (approximately 330 lots”). This alternative
would have similar environmental benefits to Schemes 2,4, and 5.
Scheme 8 would be similar to Scheme 7 except that the holding

tanks would be Inatalled gradually over a Len-year perlod as the

#  JTpncluding all 185 lots in Subsection 1A, 75 lots in
Subsection 1B, 50 lots in Subsection 10, and 20 lots in

Subsection 1D; as discussed in Chapter U,
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on-lot systems "failed"., Cluster systems using subsurface
disposal areas were not included as a scheme because of the need
te address problems over a widespread area rather than for small
groups of homes.

The estimated capital, annual 0&M, and present worth costs
of the alternative schemes for addressing wastewater problems in
Section 1 of Manomet are compared in Table 6-1. Present worth
costs are presented to facilitate comparison of equivalent long-
term costs of the various schemes {(a discussion of the concept of
present worth and the assumptions used in the cost analyses
contained in this facilities plan is included in Chapter §),
However, as the benefits of each of the schemes are not the same,
it cannot be said that the lowest cost scheme is necessarily the
most cost-effective,

It can be seen that the capital costs of the schemes which
incorporate sewers are far nigher than those which do not. The
capital cost for providing sewers for both Areas A and B is
estimated to be over $7.5 million, or about $3100 per loi served.

Schemes 3 and U are more costly than Schemes 1 and 2,
respectively, because the lowW-pressure sewers with grinder pumps
to be provided on the barrier beaches are considerably more
costly than gravity sewers.

Schemes 7 and 8 have several disadvantages when compared

with Schemes 1-4. First, they do not provide a permanent
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solution for any of the hones in Manomet, since: 1) nearly 900
homes in Section 1 would still be dependent on on-lot disposal
systems which fail to comply with State and local codes, and 2}
holding tanks such as those provided to serve the remaining homes
are generally not considered to be an acceptable permanent
solution. Secondly, no State and Federal funding would be
available to provide holding tanks; thus, the local shares of
these alternabives would greatly exceed those of Schemes 3 and Y.
Thirdly, the distribution of costs would be far from uniform, as
the annual pumping cost to individual homeowners using holding
tanks on a year-round basis would approach $2,000 per year while
the cost to homeowners permitted to retain their on-loct disposal
systems would be only on the order of §$30 per year. Finally,
Scheme 8 would not address the potential health threat immediate-
ly, but only gradually over a 10-year beriod.

Schemes 5 and 6 are similar to Schemes 7 and 8 in that
they do not provide a permanent solutieon for a large number of
homes (homes in Area B will still be out of compliance with
existing codes), Scheme 6 can easily be rejected because it is
more costly on a present worth basis than Scheme 4 and also
delays the elimination of the potential public health threat for
ten years,

Schemes U and 5 are not so easily rejected, but have two
significant disadvantages when compared with Scheme 3: 1) they
fail to provide any permanent solution for Area B, and 2) because

the recurring costs of on-lot system replacements must be borne
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by the homeowners, the local present worth costs for Schemes 4
and 5 are actually estimated to be somewhat higher than that of
Scheme 3, |

Because i{ offers a permanent solution to the potential
public health problems in the area, eliminates noncompliance with
Title 5, and addresses the objections of CZM to the construction
of gravity serves on barrier beaches, it is recommended that
Scheme 3 be selected as the preferred alternative for Section 1
of Manomet, The sewers associated with the 600 lots in Area A
(which has the highest need) would be constructed during Phase I,
and the remaining 600 lots would be sewered under Phase II of
construction, as shoﬁn in Figure 6-2.

The remaining sections of Manomet were found to have fewer
and less severe wastewater related problems than Section 1. Qn-
lot systems in these sections which fail in the future can
generally be replaced without threatening public health,

Improved operation and maintenance along with a general public
education program should be provided in these sections to keep
problems to a minimum.

Some neighborhoods in the Fresh Pond area (Section 3) have
lots as small as 5,000 sq. ft., and some of the homes in these
neighborhoods rely on private wells for drinking water,

Referring to Table 4-2, the minimum required lot sizes range from
22,000 sq. ft, to 29,000 3q. ft. for homes that are not served by
the public water supply. Wabter supply lines do exist throughout

the Fresh Pond area. Therefore, any homes that might experience
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well water contamination will be able to connect to the Town
water supply.

Many homes in Section 6 on lots of 5000 sq. ft. still have
private wells., These homes are out of compliance with current
Board of Health regulations (refer to Table U4-2) and should be

connected to Town water as soon as possible,

Portions of Sections 2 and U centered along Route 3A
between Bartlett Road and Samoset Ave. were designated as a
village center under the Pilymouth Comprehensive Plan, which was
adopted in 1980. This area, shown as Area C in Figure 6-1, is
expected to experience significant commercial development in the
future, and it overlies the recharge area of the existing Wanno's
Pond well, which is located just north of Fresh Pond and supplies
town drinking water to the Manomet area, If sewers are provided
in Section 1, provision should be made to expand the sewver system
to serve this area in the future, as was recommended in the

Comprehensive Plan,

West Plymouth, As discussed in Chapter 4, future growth

is this.subarea is presently limited, as the subarea overlies the
recharge area of the North Plymouth well. The zoning controlis of
the Aquifer Protection Bylaw protect the groundwater which
supplies this well,

If industrial and commercial growth consistent with the
Plymouth Comprehensive Plan ( or "Village Centers Plan") adopted
at the 1980 town meeting is to occur, the only alternatives

applicable to this area will be the provision of sewers or
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holding tanks. Neither the use of water-saving devices or
improved operation and maintenance of on-lot systems would
protect the aquifer from contamination from wastes of a non-
domestic nature, which will require disposal outside the area,
Since holding tanks are only a temporary solution, sewers
represent the only permanent solution consistent with the desired
development of the area, Both the Plymouth Comprehensive Plan
and the Areawide Water Qﬁality Management (208) Plan called for
sewers to be constructed at least as far as the intersection of
Route 4l and Plympton Road (Route 80). On April 5, 1983, the
Toun's Citizens Advisory Committee concurred that the capacity to
serve this area should be provided in the wastewater facilities
presently being planned,

Figure 6-3 shows the proposed area of expansion of the
existing sewer system into West Plymouth. Expansion of the sewer
system would encompass all industrially-zoned land north of
Route 44 and east of Plympton Road and would also serve
residentially- zoned land along Route 44 and Plympton Road and
commercialliy- zoned land in the proposed village center to the
west of the intersection of Route U4 and Plympton Road.

Several alternative plping configurations have been
considered to convey wastewater from this area to the existing
treatment plant, as shown in Figures 6-4 through 6-9. Common to
and included with these delivery system alternatives is the
reduction of excessive I/I, as discussed in Appendix J, and the

replacement of two segments of existing interceptors with new,
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larger sewer lines: the portion of the Harbor Interceptor between
State Pier and Sandwich Street and the 15" interceptor in

Water Street from Union Street to Sandwich Street. Estimated
costs for the various alternatives, lneluding alternatives in
which the service area 1s not expanded or only partially
expanded, are presented in Tables 6-2 and 6-~3., Under all
alternatives, the existing Cherry Street Pump Station would
either be eliminated or replaced, as the capaclity of this station
is inadequate to handle the projected increases in flow
attributable to bLhe expanded service area., Table 6-2 presents
costs for alternatives in which the existing Cherry Street Pump
Station is eliminated and replaced with a gravity sewer which
would be constructed alongside of the streamped which runs
between the existing pump station and Sawmili Pond. Table 6-3
presents costs for alternatives in which the existing Cherry
Street Pump Station is replaced with a larger pump station or
rehabilitated,

The lowest cost alternative delivery system including the
servicing of the Rte. 44 Service Area is Alternative B-3a. Under
this alternative, which eliminates the exiating Cordage
Interceptor, Knapp Terrace Pump Station and Cherry Street Pump
Station, new interceptors would be constructed along Route il
and new pump stations would be constructed at the intersection of
Routes Ul and 80 and in the Arterial Commerclal Area. New force
mains would be provided to convey wastewater from Route 4l to

Industrial Park Road. From there, wastewater would flow by

CDB~7018R00306a Plymouth 6-22 BB:fpe 03/708/84




ey

TARLE. b f,

FUR HORTI AN ST PLYHGNTIL ASSIMINGE ELIRINATEON OF ¢uiRey

Alseroatlven Sacinling Tevpafag of Rl

Serviee_through Nev Smmas

Serect Ladvcaveping

DriTvery Spatea

feiTvery Byatem Deliwnry Spaten

Melivety

FIMFARDUNE LF DTS B8 ALTERMAS IVE OILLEE Tt ante et sowe b 8 oy

ATEN bMIRav) s
TRLET PIMIERG STAT oy

A% Service Area

t

WTiveey Syalen

#r Sewerbofl ol Route 44 Servitr Afce -
Replacesent and Refiabil itactan in
Fristtag Serelee Ares and Faprnnton of

Alt, A-fa Afe, A-fa Alt, A+ds k Aft, B-Ja totudsrlal Fark Service Area tmly

Caplts] Cowtu
Faute 46 snd Industrisl Pask dren

Fuap atatfens, Interceptors

and farce welina $1,036,000 33,006,001 53,036,000 $2 487 000 52,4R1,nun 52,487,000 3 4]

Latetal severs 83,000 203,000 A1, 000 PLARI 181,000 283,000 a

Svhtotad 53,119,000 $3, 319,000 55,509,000 §2, 0 o 52, Fea pog §2,740,000 [ 0
Aeptacement of Cordage intereeptar $2, 365, 000 §2,245,.000 $2,275,00G 81, 41,000 52,554,000 52,412,000 41,274,000
Repiscement of poriian of

flachat tnr=rceptor 5 Yol 000 & 704,000 % Jos, nop 5 Mg eng $  fas, oon $ T04 000 § tow 000
telietion of excessive If1 467,000 487,000 457,000 407,000 67,000 447,000 467,000
Total capitsl cost $7,05% .00 56,715,000 $8.165%,000 Sh,Ans o0 46,495 . bon §6,353,000 33,446,000
Aoneal 08K Caxtetl)
Faute 4% wnd Industriel Perk 9,000 $ 9,000 £ 1,000 § 1, $ 11,700 § 15,700 4 [
Carduge Intercepror -2, 400 =2, 40 —-1,800 -3,0m 1] -3, 800 11U
Total somual O4H 3 4,600 5 a,600 s 5.0 s a0 ¥ 11,700 s 1,906 §  -3,A00
Presrnt Wotth Cos:
Capital cost 42,055,000 §6,715,000 $6,7635 100 $2. 1Ry 6000 §6,493 ,000 46,353,000 $3,445 000
Land acqutstcion k000 36,000 3,000 i1, 32,000 32,000 10,000
Intetens during cnnntructlon $36,000 330,000 512,000 65,000 S1E.000 500,000 1 o0
Po¥. of snnuesl 043 cpee 45,000 65,000 52,000 BE,0IG 166 005 7R, 00 ~18,000
Lear PV, of salvage valup

Strnctures & plplng ~339,000 ~4%4 , D0 -%ih 000 -alz,enn -433, 000 -45%,000 =2%7,000

Lang -4,000 -12,000 ~11,006 N -13,600 ~11,000 ~12,000
Total present wrth $7,1% ,c00 $4,0%, 000 §h,A%8,000 57,114,700 $h, 702 U 56,493,000 83,440,000
Annuatiesd coat ) $ 122,000 S 6T2,MH $ 691,000 $ 740,800 $  h16,800 $ 635,00 3 147.am
RAME { By 5 & 1 1 H 1

L e TeraaeTery ayatens, a5 wnrd in th13 tahlr,
) asta acraunt lar credlin from ot falaatnl Fartluie

Tnckiing pump wiatfand, In2ererptars aml Lirre malae teaplesd @

v oant xte slditive Lo present TAH gasgs,

MTAAvEY wanlewater ta the

exbatng UTCE alte,




%27

TABLE £-7.
FOR HORTH AHD WEST PLYHOUTH ASSUH{N: ALY

COHTARLSON OF COSTS BP ALTERHAT

FVE COLLECTioH &0 (M’,I,F\’DZH\'(” SYSTEH EHPKDVEMERTS

LTACERERT OR HEWARILITACH OF CIERRY SEMEST FUMIING STATION

Alirrnaiives Incinting Sewet Iy

g ol Fouze

5 herviee hiea

Ler_through Gardage Interceptar

B Sewerkng of Houtt A4 Service Ates -
Keplacesent snd Keb-%fkitatlon fn

LSrTvlee thinugh Hew Saminct Stoent ntlerfceptos
Bellvery System Belivery Syatem Gl ivery Syalew Befluriy Syatem Dellvery Syxiem Deldvrry Systea Eximring Service Ares and Expansfon of
AbL, A-1b Alt, A7k A, A-3b ALL, B-tb ASt, B-2b AL, B-3u Industrial Service Area Only

Capttal Casts
Eoule 44 and Industrial Park Atea

Fuap sietfona, Eaterceprorr

ard farce maina $1,016,000 $1,036 000 $3,036,000 52,487,000 32,467 000 §2 487,000 3 )

Larerat severs 1B} 008 28], Wik 283,000 261 10 ) 00 283, (% [i]

Subtatal 431,119,000 33,119,004 $3,319,600 $2. 0, 00p 52,00, 000 57,200,000 $ 1]
Replacensnt of Cordage Inkerceptus 3,131,000 $2,83%.000 §2,6%6,D00 $1,931,000 31,218,600 §2.874 000 92,648,000
Replicement of poction of

Harbur lbnterceptor $ MR ,000 § 704 a0 504,000 $  Tos,nun 3,000 5 206,000 §  T0h,10
Aeduction of exceectve 1] L67,000 S62, 0001 ALT 000 A7 u e u Ab7, 000 _..587,000
Total capital cost 57,641,000 $2.321,000 7 ke K0 17,864, K0 1,109,000 16,815,000 $3,827,000
Annual OMH Coetyf?)
Faute &4 and Induszrial Park H 9,000 1) %,000 13 9,000 H 100 § 11, ko0 § 1,1 1 Q
Candsge Intarceptor 1,100 30 2,300 __ 1.p00 10,800 5,100 2,300
Totmi annusl OcH H 12,700 $ ER I 5 18,10 3 000 $ L H LF, %00 5 2,100
Feesrnt Worth Conga
Capital cont 31,641 000 $7 428, 000 7. it 000 57, B6R D0 30Ty, 000 6,013,000 $3,027,000
Land acquisttian PR 000 0,000 3, K} £, 000 12,000 12,000 iz, 000
Interent ducing coastruction $02,000 511,600 562,008 620, U 65,10 5317 000 301,900
P a} ansual 96H cort its,000 [RLNHES 12,000 18%, ¢ 215,000 177, 000 11,000
irzs PV, al walbeige value

Structures & piping =554,000 ~51%,000 =471, 00 =522 000 ~54%,000 -458,000 -167,080

Land -k, 10 ERLL] =12,08 =4, I ~ 11, iHH -13,900 = 12,090
Yatel presrnt wirih $H,R12 000 §7,52),1en) $7.014,000 S8, 154, KK $7,529,000 $7,080,¢00 $3,907,80¢
Annusifead casg 319,000 LA L NTES) $  His, 000 § 824,400 3 760,900 § My ,000 3 193,600
RANE [HC 3 3 ] h & t

b The deem Tdelivery ayitem”, w8 usel In Ihin Lable,
L. Coste account far oredite Iros obisinaced iscibitne

tncluden [aap alat 05w, InCererplors amd Tnrce asfus To
A and are wbblrdve 4o peceeny OA cpegs,

ailred tnconvey wastewater (b the

calatIng ¥PGP #lic,




gravity to the wastewater treatment plant. The existing Cherry
Street package pump station, which would not have sufficient
capacity to convey the increased flow, would be abandoned, and a
new gravity interceptor ranging in size from 21" to 30" would be
constructed between the Cherry Street and Knapp Terrace pump
stations. A small package pump station would be constructed in
the vicinity of Cordage Park and Hedge Road to serve Cordage Park
and the area north of Hedges Pond. A new force main would
connect to the new 30" interceptor constructed in the railroad
right of way, replacing the old Cordage Interceptor. Although a
12-inch relief sewer would need to be constructed by the Town
along the Industrial Park Road, all lateral sewers within the
industrial park and within the mobile home park east of Triangle
Pond would be provided by the users at their own expense. An
evaluation of alternatives to collect wastewater from the
residential development south of Triangle Pond shcowed that
pressure sewers would be less costly than gravity sewers for this
small area.

Aiternative B-3a has the disadvantage of requiring the
construction of a sewer in a sensitive area ouned by the
Conservation Commission and alsc in a floodplain. Because this
is undesirable, it is recommended that Alternative B-3b (the

lowest cost alternative incerporating the replacement of the

Cherry Street Pump Station with & larger pump station) be adopted
instead, Table 6-4 summarizes the pumping station design

requirements for this alternative.
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TABLE 6-~4. PUMPING STATION DESIGN REQUIREMENTS FOR NORTH AND
WEST PLYMOUTH DELIVERY SYSTEM ALTERNATIVE B-3b

Total Head

Design Pumping at Peak

Rate, mgd flow,

avg, peak feet
Cordage Pump Station 0.5 1.2 100
Cherry St. Pumping Station 1.5 3.5 61
Route U4 Pump Statlon 0.29 2.0 g1
Algonquin Pump Statlon 0.11 0.3 100

The final columns of Tables 6-2 and 6-3 provide estimates
of the costs of collection system improvements which would be
recommended in the event the Town decided to expand the
industrial park service area but nol to sewer the Route U4
service area. In addition, capital costs were estimated for
collection system improvements which would be recommended in the
event that no expansion of the system were provided for, as
follows:

Replacement of Cordage Interceptor $1,258,000

Replacement of a portion of the

Harbor Interceptor 704,000

Reduction of excessive I/I 467,000

TOTAL $2,429,000

Under this alternative, small! increases in wastewater flow
would occur as vacant land within the existing service area is
developed, and additional costs would be incurred by the Town to
rehabilitate the existing Cherry Street and Knapp Terrace Pump

Stations during the 1990's as equipment {n these facilities
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passes its design life and larger pumps are needed to handle
increasing fleow. Insignificant additional annual operating costs
would be associated with this alternative,

To reduce the problem of rapid rag accumulation at the
Holmes Point Pump Station and eliminate the odor problems at the
Night Soil Disposal Facility, it is recommended that the latter
facility be modified or eliminated, If a new wastewater
treatment plant were to be built, the facility could be
eliminated and replaced with a new facility at the new plant
site, If the existing plant is retained, the facility should be
modified by the construction of a receiﬁing structure which would
totally enclose the septage trucks during unloading. This
structure would be provided with a scrubber for odor control and
improved grit and screenings removal equipment., The facllity
would remain unmanned.l It is estimated that such a facility
would have a capital cost of $255,000 and an annual operating
cost of about $1600,

To reduce the problem of disposal of wastewater from boats
in the harbor and in accordance with the 208 Plan, it is
recommended that the Town encourage the private or municipal
development of a marine pumpout facility linked to the Town sewer
system.

A1l construction within the existing service area (i.e.,
the replacement of the Cordage and Harbe~ Interceptors, replace-
ment or rehabilitation of the Cherry Street Pump Station,

modification of the Night So/1 Disposal Faecility, and reduction
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of excessive I/I) would be completed during Phase I, and the
construction along Route 44 and in the industrial park could
proceed later under Phase IY.

Billington Sea., Concern regarding the eutrophication of

Billington Sea has been expressed by many of the Town's residents
and officlals. Although no correlation betuween on-lot systems
and the eutrophication problem has been found, the Town may
decide to take measures to ensure that no wastewater contamina-
tion oceurs from on-lot systems immediately adjacent to the sea
by providing sewers to serve those homes or by rearranging these
systems to improve thelr treatment capabilities. If sewers were
provided to serve the approximately 550 homes expected to be
located near the upgradient (western) side of Billington Sea by
the year 2007, the capacity to treat an additional 170,000 gpd
average flow would have to be provided at the WWTP or in a
neighborhood disposal system. The boundaries of the service area
in question and its location with respect to the existing and
proposed West Plymouth service areas are shown in Figure 6-10.
The cost of providing sewers to serve these homes (exclusive of
treatment and disposal) is estimated to be approximately

$1.4 million., Alternatively, existing on-lot systems which are
determined by further study (beyond the scope of this facllities
plans) to be providing inadequate treatment due to insufficient
depth to groundwater could be reconstructed to improve treatment.

Either alternative may be eligible for Federal and State funding,
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but neither would be likely to be assigned a high ranking on the
State's construction grants priority list due to the lack of
evidence that wastewater-related problems exist in bthe area,

Other Areas. The homes located on Saquish Neck and

Gurnet Point are not presently provided with Town water, Because
of the remote location of the homes {access is by way of
Duxbury), it is doubtful whether the Town of Pliymouth will ever
be able to supply them with public water. Two actions should be
considered immediately for this neighborhood. The first item to
be considered is an educational program to inform residents on
how to maintain thelr disposal systems at maximum efficiency.
Second, the installation of water-saving devices should be
encouraged in all homes in thls area that do net already have
them,

Holding tanks or waterless toilets may have to be
considered for undersized lots in this area, since Duxbury does
not have a nearby sewer system and a reglonal sewer alternative
is not available.

Although the 208 Plan recommended that sewers be provided
cut Route 3A to Warren's Cove and Chiltonville, the problems in
the Warren's Cove Subarea were not found to be severe, and the
lot sizes are generally large., Thus, it will be more cost
effective to replace falled leaching areas than to provide sewers
in this subarea, However, on-lot systems located along the

Eel River may be contaminating the Eel River, as was noted in

Chapter 4, 1If this is confirmed in the future, alternatives such
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as mound systems or a neighborhood system should be considered
for this portion of the subarea. If Federal funding is stili
available when confirmation occurs, this work may be eligible for
such funds,

In general, the remainder of the subareas did not have any
serious wastewater-related problems that cannot be solved on site
and that affect more than a few homes in one area. Educational
programs on improved operation and maintenance of septic tanks
and leaching areas are recommended for all homeowners with on-iot
systems, In addition, the Town should adopt a program of water
conservation, as recommended in the 208 Plan, “by educating the
public to the need for such measures and adopting a bylaw
mandating the installation of low flow devices on all new
construction. A program of water conservation will not only aid
in the operation of the wastewater treatment plant but will also
help septic systems function better in other parts of Town."

Regional Considerations

Both ti: 208 Plan and the earlier South Shore Basin Plan
prepared under Section 303(e) of PL 92-500 recommended thatl the
Plymouth WWTP be expanded to accept flows from the Town of
Kingston. During the recent preparation of the Kingston
Facilities Plan Report, one of the alternatives considered for
the disposal of wastewater from the Rocky Nook area of Kingston
{(shown in Figure 1-1) was the delivery to this wastewater of the
Plymouth WWTP. Whitman and Howard, Inc, the engineers for the

Town of Kingston, estimated that the average and peak wastewater
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fiows from this area in the year 2005 would be 0.21 mgd and
0.72 mgd, respectively.

Regional alternatives such as this may involve various
arrangements for construction, operation and management. They
nave several potential advantages, including savings in
personnel, materials and supplies, higher operator skill levels,
better performance of btreatment, and fewer discharge points
(whieh can reduce direct environmental impacts).

In a letter to the Kingston Citizens' Advisory Committee
in December 1982, the Plymouth Board of Selectmen stated that
wyhen discussing regionalizm, ... due to its geographic size,
growing population, diverse land use, and environmental
qualities, Plymouth should be considered a region of its own."
They said they would not approve of sharing a facility with
Kingston or any other town unless it was already designed to
serve all of Plymouth for the future, and encouraged the
regionalization of Kingston with other communities such as
Duxbury and Marshfield.

Although the treatment and disposal of wastewater from
Kingston was given consideration during the early stages of
development of this facilities plan, this consideration was
dropped with the concurrence of DEQE as a result of the position
taken by the selectmen and a concurrent decision by the Town of
Kingston that it preferred to construet its own Lreatment and

disposal system,
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Contingency Planning

While the overall wastewater management plan must be
comprehensive in scope and explicit in purpose, it must retain
the flexibility to handle long-term uncertainties. Although
immediate needs can be reasonably defined, future needs are more
speculative and are dependent on estimates of population growth,
rate of development and expected failure rates of on-lot
systems. Unanticipated growth and widespread failure of on-lot
systems in additional areas represent the major long-term
uncertainties in the proposed plan.

The wastewabter management plan will provide for phased
construction within the recommended service areas based on need,
as already outlined. In the event that the needs of the
community change over the 20-year planning period, the wastewater
management plan must adapt to the new conditions. Phasing of
construction will allow the resciution of immediate problems
while spreading the tax burden over a longer period.

Conclusions

The conclusions developed in the foregoing analysis are:
1. Sewers should be provided in Section 1 of Manomet by a
phased construction program which eliminates on-lot

systems which pose the greatest public health threat
during the first phase.
2. In the North and West Plymouth area, sewer construc-

tion should alsc follow a two-phased program. The

Cordage and Harbor Interceptors and the Cherry Street
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Pump Station would be replaced during the first phase
of construction., Also during the first phase,
excessive I/7 would be reduced and efforts would be
made to locate additional sources of wastfewater
contamination of storm drains which presently peollute
the harbor, as discussed in Chapter I, Construction
of sewers tB serve Route U4 would proceed under Phase

IT.

3. On-lot disposal systems should be retained in all
other areas, where they are viable in the iong term.

4. 1In order to increase the viability of existing and
future on-lot systems, it is recommended that the Town
take the following actions:

a. Mandate the use of water-saving devices in all new
houses throughout Plymouth and encourage their
installation in existing houses in Saquish and
Gurnet Point.

b, Encourage or require improved 0&M practices for
septic tank and cesspool pumping townwide,

¢. Enact a special lakeshore protection bylaw to
regulate lot size, summer house conversion, cn-lot
disposal systems, etc., 50 as to restrict
development on the upgradient side of all lakes,
as recommended in the 208 Plan.

d. FEncourage the private or municipal development of
a marine pumpout facility linked to the Town sewer

system,
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CHAPTER 7
DESIGN CRITERIA
FOR WASTEWATER FACILITIES

General

The design of wastewater flacilities requires knowledge of
projected wastewaber flows, which reflect the land use and
density of development within potential service areas and
normally include domestic, commercial and industrial
components. Allowances for infiltration and special flows, such
as schools and other institutions, are also inciuded in computing
the design flow for wastewater f{zcilities. Septage quantities
must be developed from areas which are not sewered. The increase
in wastewater quantities from the initial to the design year must
also be estimatéd because it can have a significant impact on the
system performance.

Period of Design

Because sewers and wastewater treatment facilities cannot
be expanded with equal ease and economy, different design pefiods
and correspondingly different gquantities of wastewaler are
generally used in estimating capacity requirements.

Sewers are relatively permanent structures and are
expensive to construct. The useful 1ife of many pipe materials
exceeds 50 years. Once constructed, additional capacity can only
be added by replacing pipes with larger ones or by adding relief
sewers, Significantly higher flows can be accommodated by a

small increase in pipe diameter. Therefore, the cost of
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additional capacity would be higher if provided at a later date
than if provided initially, For thia reason, it 1is considered
prudent to design sewers for the flows expected at least o to 50
years in the future or for near full development of the area
delineated for sewer service.

By comparison, conventional pump stations and treatment
facilities are more easily expanded and have mechanical equipment
which has a shorter service life, usually 20 years or less,

These facilities may be designed for smaller capacities than the
incoming sewers with provisions made for either increase in
capacity or complete replacement., In general, such facilities
should be designed initially to handle flows expected 20 years
beyond the date of installation.

gince it will take at least 3 or Il years to design and
construct any proposed wastewater facilities, 1987 has been
designated as the initial year for major system expansion. The
design year for pumping and treatment facilities has been
established as 2007 (20 years), while the design year f[or severs
and appurtenances is 2037 (50 years).

Land Use

In order to estimate future wastewater flows, present and
projected land uses have been considered. The Touwn's present
zoning map and regulations have been used as a guide. Hon-
buildable land is excluded from conzideration in estimating
wastewater flows, These areas are sometimes referred to as "open

space" land and are comprised mainly of designated flood plains
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or inland wetlands, State forests, conservation land, cemeteries,
highway rights-of-way, ponds, rivers and/or steep sloped areas.
It is assumed that developed land would remain in its present
use,

various sections of a community produce wastewater flow of
lesser or greater magnitude per unit area due to different land
uses. Land use criteria have been used for three categories,
residential, commercial, and light industry, in order to develop
wastewater flows from each classification.

For purposes of establishing future domestic wastewatler
flows, average residential densities per acre of future
development have been used for each zoning classification, These
densities are based on the following criteria:

1, Minimum lot size is assumed within each classification.

2. A percentage of available land is deducted for streets.

3, An average of 3 persons per housing unit is assumed.

Zoning Minimum lot size, Estimated persons
classifications square feel per acre

R-25 25,000 7

R-20 SL 20,000 8

R-20 MD - 15

R-20 MF - 36

Population

Populations for Plymouth, as reported by the United States
Census, are plotted on Figure T7-1, together with population

projections for the design year 2007. While the Town has
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experienced a rapid growth rate over the past 15 years, vwe have
projected a slight decline in the rate of baseline growth feor the
future based on discussions with Plymouth's Planning Director and
the 0ld Colony Planning Council, The reduction in the baseline
‘growth rate reflects an expected gradual decline in the average
number of building permits over the second half of the planning
period due Lo an expected decrease in the supply of buildable
lots and a dampening of growth-inducing forces anticipated in
advance of the decommissioning of Boston Edison's Pillgrim I

Nuclear Power Plant.

Incremental values of population growth were then added to
the baseline growth rate to account for the direct and indirect
impact of the development of the large Digital Equipment
Corporation facility being planned for a 3,600-acre site in
Central Plymouth between the Miles Standish State Forest and
Manomet, and also for the likely conversions of many seasonal
residences to year-round residences in the event that a portion
of Manomet is sewered,

The following are our projections for future population in

the Town of Plymouth:

Manomet not Manomet partially
sewered sewered

1982 37,300 37,300

1687 (initial year) 41,200 41,600

2007 (design year) 57,000 58,500
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Wastewater Design Flow Parameters and Components

Wastewater design flows consist of residential,
commercial, industrial, special, and extraneous flow
components. The extraneous component is essentially an allowance
made for the quantity of groundvater infiltration and inflow that
inadvertently enters the wastewater collection system.

Residential Wastewater Flow. The guantity of residential

wastewater is directly related to the population served and to
per capita water use. Therefore, estimates of population to be
served and of future per capita water use are utilized for
estimating this portion of the flow,

Most of the Town's water supply is generated from 7 wells,
with the remaining portion drawun from Lhe surface watef
impoundments of Little South Pond and Great South Pond, The
water Department records water pumpage (water production) and
meters approximately 80 percent of its residential, commercial
and industrial customers. Residential wastewater flow is closely
related to residential water use,

The procedure for estimating annual average residential
per capita water use (from water production data) is demonstrated
in Table 7-1. A significant portion of the residential water use
is used for lauwn sprinkling, gardening, and car washing, and
therefore is not included as wastewater fiow. This volume for

Plymouth can be estimated at about 20 to 25 percent of the
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TABLE T7-1.

ESTIMATE OF RESIRENTIAL

PER CAPITA WASTEWATER FLOW (1981)

Average daily water production, in mgd .3
lLess system losses through leakage
plus unaccounted for water, etc.
estimated at 30 percent, in mgd 1.3
Average daily water use, in mgd 3.0
Less major commercial, industrial
and special use, in mgd 0.5
Net averapge daily residentiai{¥)
water use in mgd 2.5
Total population 37,300
population served by water system 28,230
Residential per capita water use, in gcdtg) 89
Fstimated percentage of residential water
use returned to sewers 75 %
Residential per capita wastewater fiow,
in ged d 67
1. Includes incidental amounts of commercial, industrial and

special uses.
2. Gallens per capita per day

total. Accordingly, the estimated per capita residential

wastewater flows are about 75 percent of estimated water use

values, as shown in Table 7-1.

For design purpeses,

we have assumed a small increase in

per capita water use and therefore have adopted a per capita

wastewater [low

of 70 ged.

Althouph water-saving devices

dicussed in Chapters 5 and 6 could significantly affect cverall

Town wWater use,

to be limited to those areas where on-lot systems would be
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retained and provide a motivation for their use. Thus, water-
saving devices are not expected to significantly impact on the
overall average per capita water use for those areas receiving
severs,

Commercial Wastewater Flow., It is estimated, based on

Town water use records, that commercial and business
estabiishments in North Plymouth procduce an average of about
90,000 gallons of wastewater per day., These users are served by
Town sewers and represent most of the Town's commercial
activities except for those establishments in West Plymouth,
Mancomet, and Cedarville which are without public wastewater
facilities.

Wastewater flow from future commercial areas is commonly
estimated by assuming a daily gallon allowance'per acre of
commercial zoned or developed land, For this study, we have
adopted a design allowance of 800 gad (gallons per acre per day}
for average commercial flows. This allowance is based upon water
consumption data and our experience in other similar communities.

Industrial Wastewater Flow, It is estimated, based on

Town water use records, that industrial firms in North Plymouth
and in the West Plymouth Industrial Park produce an average of
about 220,000 galions of wastewater per day. Industrial
wastewater can be comprised of varying degrees of sanitary,
i{ndustrial process and cooling water fiows. In Plymouth,
industries are of the "light" or "dry" category. This type of

industry discharges very little, if any, process wastewater.
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Unless present zoning is changed, future industries
located within the Town will be of the "light" or "dry"
category. For this reason, an average flow allowance of 1,000
gad for future industrial discharges has been made in this
study. In the event a "wet" industry should locate in the area,
special consideration would have to be given to providing
sewerage and treatment plant capacity at the appropriate time.

For the purposes of this study, it has been assumed that
a1l wastewater asscciated with the proposed Digital Equipment
Corporation facility in Central plymouth would be treated and
disposed of witnhin the boundaries of the Digital site and thus
have no impact on the Town collection and treatment facilities.

Special Allowance Flow. Where appropriate, special

allowances have been made for wastewater flows not ciassified in
the previously-mentionéd categories, For public schools, an
allowance of 20 gecd has been used to estimate average flow,

For the Jordan Hospital and the Plymouth County Jail, we
nave used average wastewater flow allowances of 20,000 gpd and
10,000 gpd based con metered water use.

In addition, an allowance has been made to account for
wastewater to be received from marine toilets. Recent laws
requires each harbor vessel containing toilet facilities to be
equipped with a Type II treatment and discharge unit or holding
tanks, whiech would discharge to the sewer system by means cf a

boat pump-out facility to be constructed in the future, It has
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been assumed that 10,000 gpd would be generated by marine vessels
in Plymouth Harbor.

Peak Flows., In addition to average wastewater flow,
estimates of peak flow rates are required to properly design
wastewater collection and treatment facilities., Variable peaking
factors based on the cumulative average wastewater {low component
(sum of domestic, commercial, industrial and specital flow
contributions) are applied to this component. This variation is
attributable to the phenomenon that individual peak discharges
from a small area have a higher preobabllity of occurring at aboutb
the same time, whereas in a larger area nearby peak discharges
pass a specific point sooner than discharges from more remote
parts of the area. Another influence tending to produce smaller
peaking factors for large areas is the hydraulic dampening effect
on the peaks because of storage and the longer travel time in the
collection system, Peaking factors used in this study vary
petween 2.5 and 3.4 in accordance with the curve shown in
Figure 7-2.

Infiltration. Infiltration is groundwater which may enter

the sewer system at pipe Jjeints, building connections, or
manholes. Therefore, the amount of infiltration depends upon the
extent of the sewer system, the density of the dwellings, and the
number of pipe joints, connections, and manholes, In addition,

the quantity of infiltration also varies with the elevation of

the groundwater relative to the sewer location, the closeness of

watercourses, the nature of soil, and the other topographieal
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features. Also, other factors being the same, higher unit rates
of infiltration are usually found in older sewer systems. As the
majority of Plymouth's sewers were installed before 1920, the
pPlymouth system experiences high rates of infiltration year
round. On an annual average basis, existing infiltration
represents nearly 56 percent of the total wastewater recorded at
the treatment plant, and about 63 percent of the total flow is
infiltration during periods of high groundwater (see Appendix J,
1/1 Analysis for further information).

Advances in pipe jointing systems and special connecting
devices at manholes have resulted in significant reductions in
rates of infiltration in new sewer systems., Based on the use of
these improved systems in areas sewered in the future, we have
adopted an average infiltration design flow allowance of 900
galions per day per inch-mile of sewer {gpd/in-mile)., This rate
is equivalent to an infiltration rate of 300 gad from residential
areas with lot sizes averaging between 20,000 and 25,000 square
feet. The ratio of peak to average infiltration rates in new
systems generally varies between 1.3 and 2.0. Accordingly, we
have used a peaking factor of 1.7 for new sewer construction and
a corresponding peak infiltration design flow allowance of about
1500 gpd/in-mile (500 gad),

Inflow. Inflow, for the most part, 18 stormwater runoffl
which enters the sewer system during storms and is characterized

by an almost immediate increase in wastewater flow.% Possible

sources are roof leaders, yard and areaway drains, manhole
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covers, cross connections from storm drains and catch basins, and
combined sewers. New wastewater collection sewers are not
designed to receive and convey inflow,

The Town's sewer system has an inflow problem. The
treatment plant is capable at pumping a peak rate of 5.2 mgd, but
during severe storms, the treatment plant receives more
wastewater flow than it can handle, and partially-treated
wastewater can be bypassed to Plymouth Harbor. The peak rate of
inflow in the system is essentially unpeasurable, Based on plant
records, the maximum 24-hour inflow during 1982 was estimated to
be 1.6 mgd. This inflow occurred on a day when no bypassing was
reported. Because only flow pumped through the plant is metered,
it was not possible to estimate the peak hourly inflow rate. For
the purpose of this report, the peak existing inflow rate has
peen assumed Lo be 1.6 mgd. This number may be refined upward
during the course of the SSES work which is presently undarway.

Recause of problems resulting from inflow, it is probable
that some degree of inflow reduction may be achieved in the
future, possibly through the on-going EPA I/T and SSES Program.
Rased upon the I/I analysis included in Appendix J, it is assumed
that the peak rate of inflow will be reduced to 1.4 mgd.

Septage. Records maintained on the night soil disposal
facility indicate that the facility receives about 4 miilion
gallons of septage annually, or about 11,000 gpd. Actual septage

quantities are probably somewhat higher, as the septage haulers

¥ Another category of inflow produces a steady flow and
includes cellar and foundation drains, cooling water
discharges, and drains from springs and swampy areas.

ChB-T7018R003072 Plymouth 7-13 BB: fpc 03/06/ 84




are on the honor system to report their discharges. During non-
winter months when septic tank cleanouts are more frequent, the
average rate is about 16,000 gpd.

It is estimated that septage quantities will average
18,000 gallons per day and 24,000 gallons per day for the vears
1987 and 2007, respectively.

Design of Sewers

General. To avoid surcharging sewers, which in turn could
result in overflows from manholes or backups into basements, it
is sound engineering practice to design pipelines to convey
estimated peak rates of flow, Thereflore, new Sewers are designed
on the basis of the peak hourly flow rate of all components
including domestic, commercial and industrial wastewaters, plus
unavoidable groundwater infiltration and any obther miscellaneous
sources suech as schools or other institutional buildings.

Hydraulic Criteria. Capacities of npew Ssewers are

determined using a Manning's "n'" {friction factor) value of
0.013. To provide for adequate gleaning and to minimize
potential bloekages, the minimum lateral sewer size is normally

8 inches in diameter. Building or service connections should be
a minimum of 6 inches in diameter. To prevent deposition of
solids, minimum velocities of 2 fps (feet per second) are desired
in sewers flowing full. Velocities in excess of 10 to 15 fps can
cause erosion or scouring of pipes and structures, and should be

avoided. Under gravity flow conditions, velocities are a
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function of the siope of the pipeline., Recommended minimum

glopes are presented in the following tabulation.

Sewer diameter, in. Minimum siope, [tL/fL
8 0.0040
10 0.0030
12 0.0022
15 0.0015
18 ¢.0012
21 0.0010
24 and larger G.0008

When excessive deposition of material occurs in a section
of the system, the opportunity for blockage increases. When this
oceurs, some method of seraping, cleaning or flushing is
regquired., For preventive maintenance purposes, all sanitary
sewers should be inspected and cleaned as necessary. This should
be done at least once a year or when deposits are found to have
accumulated,

Depth of Sewers. 1In general, it has been assumed for this

study that new sewers constructed in Plymouth will be laid with
the top of the pipe at least 7 feet below the street surface to
insure that residences on the street will receive basement
service without the need for individual wastewater pumps, Seauwers
located in rights-of-way or low areas could be constructed with
only 4 feet of earth cover or enough to prevent damage {rom

vehicular traffic and frost action.
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Pesign of Pump Stations, Force Mains, and Pressure SeWers

General. It is usually not possible to connect all sewer
service areas of a municipality by gravity flow without excessive
construction costs., Pump stations, therefore, are constructed at
strategic locations to pump wastewater into an adjoining service
area for conveyance to the treatment facility. Pump stations are
also used in smaller areas where gravity flow to an intercepting
sewer is ﬁneeonomical. In this situation, small package pump
stations or ejector stations are constructed to serve a limited
number of establishmenta.

Ejector stations consist of metal pots (at least two)} that
are alternately allowed to fill and discharge. Discharge is
accomplished by applying air pressure to the pot for a sufficient
duration to empty the contents of the pot. Since small ejector
stations have far less moving equipment than pumping stations,
they are less costly to maintain and operate, Ejector stations
are not normally used in those installations where capacity
requirements exceed 200 gpm {(gallons per minute) because pump
stations are more economically provided for larger capacities.

In a basic pump facility, wastewater is collected at a low
elevation and pumped through a pipe (force main) to a higher
elevation. The type of facility and the sophistication of its
equipment are dependent on the quantity of wastewater to be
pumped and the degree of rellability required. Centrifugal pumps

are generally used for municipal wastewater pumping.
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Hydraulic Criteria. Wastewater pumps or ejectors are

designed to handle the peak hourly flow generated in the design
year of the facility. The pumps can be designed to operate
either continuously or intermittently, depending on the expected
flow range. The continuously operating pump is usually able to
operate at various speeds to match the incoming fiow rate. Pumps
which operate intermittently do so at a relatively constant
punping rate, Associated piping and equipment are also sized for
the design flow, although consideration is usually given to
handling a future peak flow. As an example, pumps would be sized
to handle the flow expected in 20 years, but in the sizing of
suction and outlet piping of the station as well as the force
main, flows expected in 4o to 50 years, or at saturation
development, might be considered. However, it may ncl be
possible to follow this procedure for long force mains in
unsewered areas as flows may be too small for flushing. In such
cases, two parallel force mains, smaller in size, may be
necessary. The pump station structure is sized to contain any
equipment which can be foreseen Lo handle flows from the future
population of the service area, This could include the wet well
in.a pump station which would have to provide storage capacity
for both design and future fiows.

Force Mains and Pressure Sewers, Force mains and pressure

sewers are sized to maintain velocities of approximately 3 fps.

Friction losses are computed using an average Hazen-Williams "C"
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TABLE 7-2. CONVENTIONAL TREATMENT DESIGHN
PARAMETERS AND COMPONENTS

Primary design

Component variables

Influent pumping and force main Peak hourly flow
ferated grit chamber Peak hourly flow
Primary settling tanks Peak hourly flow
Biological treatment units BOD, average flow
Secondary settling tanks Peak hourly flow
Flow equalization tanks Average and peak

houriy flow

Chlorination tank Peak hourly flow
Effluent pumping and outfall Peak hourly flow
Sludge processing and dewatering 58, BOD

factor of 120, To prevent‘freezing and damage from surface
loads, minimum cover of § feet is provided,

Design of Wastewater Treatment Faciiities

Estimates of average, maximum, and minimum flows are
required for the design of wastewaler treatment facilities. 1In
addition, the designer must have a characterization of wastewater
components such as suspended solids {SS) and biochemical oxygen
demand (BOD). Design of units within the treatment plant differ
in the variables of primary significance as shown in Table 7-2.

The wastewabter treatment facilities should be sized for
the flow expected in the design year 2007, Provisions should

also be made to allow the plant tc be efficiently operated in the
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initial vears. Design flow estimates for evaluating future needs
at the existing North Plymouth and proposed Manomet wastewater
treatment facilities are presented in Tables 7-3 and 7-4,
respectively. Design loadings are presented in Appendix A,

Design of Qutfall and Diffuser

Ocean disposal of the treated wastewater would be affected
by a submerged pipe, called an outfall, in the harbvor. Such an
outfall consists of a pipe to transport the wastewater away from
shore and a multiport diffuser section to dilute the wastewater
with the receiving hnarbor water,

Cutfalls are normally desipgned to provide larger diameter
pipe and lower wastewater velocities than sewers because effluent
wastewater does not contain settisable solids. The larger
diameter minimizes friction losses which might otherwise require
pumping to overcome.

Criteria for sizing the di7fuser are as follows:

Manifold velocity at peak {low < 7 feel per second and
> 2 feet per second

Port discharge velocity at 15 feet per second

peak flow

Minimum port diameter 5 inches

Design of Land Treatment and Disposal

The basic objective of a land treatment and disposal
system is for the controlled application of wastewater onto land
to achieve treatment and disposal of wastewater through natural
physical, chemical and biological processes within the plant

soil-water systems. Secondary objectives, such as economic
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TABLE 7-3. DESIGN FLOWS

FOR NORTH PLYMOUTH WASTEWATER TREATMENT

FACILITIES
Present Initial Design
Description (1982) (1987) (2007)
Total town population 37,300 b1,600 58,500
Per caplta domestic (1)
wastewater flow 67 70 70
Fxisting Service Area
Sewered population 11,240 11,950 13,740
Average annual flow, mgd
Domestic 0.75 0.84 0.97
Commercial 0.09 0.19 0.26
Industrial g.22 0.32 0.47
Infiltration 1.64 1.32 1.32
Special 0.0 0.10 0.15
Total 2.1 2.8 1.2
West Plymoubth Expansion
(including industrial park
and Rte U4 service areas)
Sewered population - 1,380 2,750
Average annual flow mgd
Domestic (Rte W4 S.A.) - 0.10 0.19
Commercial (Rte UH S.A) - 0.09 0.14
Industrial {(Industrial - 0.00 0.28
Park S.A.)
Infiltration/Inflow - 0.04 0.22
(Rt. Uk s.4.)
Total 0.2 0.8
Combined Serviee Area
Sewered population 11,240 13,330 16,490
Average annual
flow,mgd 2.1 3.0 4.0
Average monthly flow 2.9 3.2 h,2
(wet weather), mgd
Peak hourly flow .8 6.0 8.1
(dry weather), mgd
Peak hourly flow 6.4(2) Y.M(B) 9.5(3)
{(wet weather), mgd
T Ineludes incidental commercial and special flow.
2. Includes 1.6 mgd of existing peak Inflow.
? Inciudes 0.2+ mgd of existing peak inflow removed,
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TABLE 7-4 DESIGN FLOWS FOR MANOMET WASTEWATER
TREATMENT FACILITIES

Initial (7987) Design (2007)
Schemes 1 and 3 (1200 lots) Summer  Winter Summer  wWinter
Sewered population 3,600 2,000 3,600 2,000
Per c?qsta domestic flow,
god 65 65 65 65
Domestic flow, mgd 0,23 0.13 0.23 0.13
Infiltration 0.10 0.16 0.12 0.20
I

Total average flow, mgd 0.33 0.29 0 35<) 0.33
Peak hourly flow, mgd 0.83 0.59 ¢.89 0.63

Schemes 2, 4, 5, and 6 (600 lots)

Sewared pepulation 1,830 8B40 1,830 840
Per capita{gﬁmestic

flow,ged 65 65 65 65
Domestic flow, mgd 0,12 0.06 0.12 0.06
Infiltration 0,04 0.07 0.06 0.09
Total average flow, mgd 0.16 0.13 0.18 0.15
Peak hourly flow, mgd 0. h3 0.25 0,45 0.27

1. Future flow of 0.45 mgd should be provided for ir expansion
of sewer system to.include Manomet Village is planned (see
Table A-2 in Appendix 4).

2. Includes incidental commercial and special flow,

return from use of the wastewater and its nutrients for the

cultivation of crops, could be realized. Three major land

treatment processes are slow rate irrigation, rapid infiltration
and overland flow. These processes are discussed individuelly in

Appendix D.

The fundamental design parameter used in this type of
system is hydraulic loading, which is usually limited by the
infiltration capacity of the so0il or the nitregen loading.

Some of the major design paramelters and components are

presented in Tablie 7-5.
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TABLE 7-5. LAND TREATMENT AND DISPOSAL DESIGN
PARAMETERS AND COMPONERTS

Description Design Parameter

Type cof system Subsurface conditions
(permeability and groundwater
depth} and available land area

Application rate 1 in/week to 200 ft/yr
depending on system selected

and conditions

Wetted field area Average hydraulic loading

Buffer area 200 feet minimum around perimeter

Storage area Length of growing season and
climate

Pretreatment Screening with primary or

secondary btreatment

Design of On-lot Disposal Systems

Properly functioning on-lot disposal systems receive
wastewater and provide treatment and disposal through the natural
soil system. The design of an on-lol disposal system is based on
a flow rate and the percolation rate of the receiving soil. As
discussed in Chapter i, design requirements are established Dby
Title § of the State Environmental Code and supplemented by the
rules and regulations of the Plymouth Board of Health. Design

parameters in Plymouth are as follows:

Dasign Flow 110 gallons per day per bedroom
(400 gallons per day minimum)

Septic tank volume 1000 gallons minimum

LLeaching plt area 100 square feet minimum

Leaching trench area 400 square feet minimum
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l,eaching field area 60C square feet minimum
Soil percclation rate 20 minutes per inch minimum

Groundwater 4 feet below bottom of leaching
area minimum
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CHAPTER 8

ALTERNATIVES FOR EFFLUENT DISPOSAL

General

Ultimate disposal of treated wastewater effluents may be
accomplished by dilution in receiving waters, by discharge onto
the land, or by evaporation into the atmosphere, The latter
alternative is only practical in desert areas,

The Town of Plymouth contains numerous ponds and small
streams, including Town Brook, Eel River, Beaver Dam Brook,
Indian Brocok, and the Herring River, All of these streams come
under the antidegradation clause of the Massachusetts Water
Quality Standards (314 CMR4.04(2) as presented in Chapter 2 of
this facilities plan). Because they presently receive no
municipal discharge, they are protected from future discharges.

The Town of Plymouth thus has only two realistic
wastewater disposal options - disposal to the ocean or disposal
to the land, The alternatives considered and general conclusions
are discussed below. Costs of these alternatives are dependent
on alternative treatment plant locations and are thus presented
together with treatment costs in Chapter 10.

Qcean Disposal

The coastal waters along Plymouth's shoreline have bean
assigned Class SA standards. Such waters are of the highest
gquality and are useful for contact recreation, fishing and
shellfishing (see Chapter 2). Because of deficiencies at the

wastewater treatment plant and the presence of high levels of
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fecal coliform bacteria in discharges from storm drains in
Plymouth Harbor, the harbor presently fails short of SA quality
(see Chapter 4 and also Appendix B). Samples collected by DEQE
along the Manomet beaches have indicated that these areas also
fail short of Class SA quality, while generally complying with
Class SB standards (see Chapter 4)., Further out into Plymouth
Bay, the impacts of wastewater and stormwater discharges become
negligible, and SA standards are presently being met.

In addition Lo the protection afforded by the
Massachusetts Water Quality Standards, marine waters off the
Plymouth ceastline are protected by the Massachusetts Ocean
Sanctuaries Act and Federal effluent quality standards, as
discussed in Chapter 2. The Commissicner of the Department of
Environmental Management has interpreted the Ocean Sanctuaries
Act to mean that the only permissable rate of flow from any
expanded Plymouth Wastewater Treatment Plant that would not
viclate the QOcean Sanctuaries fAct would be a discharge that would
not exceed the nominal design capacity of 1,75 mgd (see
correspondence in Appendix K)., 1In spite of this fact, several
alternatives incorporating ocean discharges which would not
comply with Ocean Sanctuaries Act were studied, in accordance
with federal regulations which require the consideration of all
feasible alternatives, The methodology and results of these

studies are discussed in Appendix B of this report.
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Morth Plymouth Wastewater. Wastewater collected in the

existing North Plymouth service area is treated at the plant on
the waterfront and discharged into Piymouth Harbor via an 1840-ftL
long, 30-inch diameter reinforced concrete outfall which was
constructed in 1968 (see Figure 8-1), The outfall, which has no
diffuser, discharges at a depth of 6.5 ft (measured from the
elevation of mean low water to the centerline of the outfall).

To determine the effect on Plymouth Harbor of the
projected increased flow of secondary-level effluent from the
existing outfall as modified only by the addition of a diffuser
to improve initial dilution, numerical modeling was conducted, as
discussed in Appendix B. The modaling, which incorporated
several conservative assumptions, indicated that Class 34
standards would not be met at the boundary of the zone of initial
dilution of this outfall alternative. However, numerical
modeling of the same discharge at the other outfall locations
(see Figure 8-1) indicated that compliance with Class 34
standards would be anticipated at all other outfall locations
under consideration (see Tables B-19 and B-20 of Appendix B).

The other locations were all shown to be substantially better
than the existing one, primarily because their discharge depths
were each at least double that of the existing discharge,

resulting in much higher initial dilutions.

Several of the alternative discharge locations cannot be

given serious consideration for the following reasons:
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1. Location 3 (Cordage Park) would reguire the discharge
Lo be located in a channel whieh has been dredgéd in
the past., The presence of the outfall in the channel
would 1limit future dredging which may be required to
serve maritime dependent industries in the Cordage
"port area." This locabtion would also require the
closure of a small shellfish area which is presently
open.
2. Location 4 (Manomet) would require a costly 6 1/b-mile
long pipeline to convey wastewater from North
Piymouth. This alternative is thus not cost-effective
(see Chapter 10), In addition, there was voeal
opposition to any ocutfall off Manomet during the
public participation process because of concern over
the effects of such an outfall on the nearby beaches,
3. Location 5 {(Warren Cove) would be perceived as a
petential threat to Pilymouth Beach, as particle path
simulations described in Appendix B indicated the
possibility of on-shore motion toward the beach,
There is intense public concern over bathing beaches
in Plymouth,
The remaining alternative discharge locations (1 and 2),
shown on an aerial photograph of, Plymouth Harbor in Figure 8-2,
have lesser impacts, as discussed in Appendix B. O0Of these,
Location 1 {Goose Point Channel) has the lowest cost and is
therefore the recommended ocean discharge alternative for North

Plymouth,
Ba:fpc 03/08/84
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Manomet Wastewater. In the 1976 "Report to Manomet Sewage

Disposal Study Committee on Proposed Manomet Sewerage System," it
was proposed that a 1.25-mgd treatment facility be constructed in
Manomet and discharge its treated effluent to a 1650-foot long
16" diameter outfall to be constructed off White Horse Beach,
This proposal was not acted upon, and the proposed wastewater
coliection aiternatives of the present study would result in the
discharge of considerably less flow (0,35 mgd under Schemes 1 and
3 and 0.18 mgd under Schemes 2, 4, 5 and 6).

Two ocean outfall alternatives were considered for the
current study, both at Location 4 scouth of the Pilgram Nuclear
Power Station. This location was selected because of its
proximity to the Edison Access Road treatment plant site, becausse
the length of outfall necessary to reach deep water 1is minimized,
because construction wéuld not impact the beaches, and because
prevailing currents there are away from the beaches, The f{irst
alternative would discharge at a depth of 20 feet (1100 feet
long) and the second at a depth of 30 feet (2800 feet long).
These locabtions are just beyond Lhe northern extremity of a
heavily-used bathing beach, and a clear showing of the
unacceptability of ocean discharge anywhere in the Manomet ares
was evident during the public mestings. From a technical
standpoint, however, numerical modeling showed that neither
alternatives would cause degradation of water quality off
Manomet, even in the event that the combined wastewater flow of

North Plymouth and Manomet were discharged these (see Appendix B).
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The issue became mcobt when costs of these alternatives were

compared with those of lands disposal alternatives, as ocean

disposal was not found to be cost-effective for Manomet (see
Chapter 10).

Land Disposal

Land application is the oldest method used for treatment
and disposal of wastes. Man has used land disposal of wastewater
for over 2000 years, beginning in ancient Greek and Roman
times. In more recent history, the use of wastewater effluents
for the various forms of land application has been termed "sewage
farming" and references to sewage farming in Europe as far back
" as the 1550's have been encountered. 1In the United States,
sewage farms have been used since 1872.

Land treatment and dispesal have been encouraged by
Federal law since the adoption of the 1972 Clean Water Act, and
must be considered in all facilities planning studies,

The alternative types of land disposal initially considered
to be most applicable in Plymouth included siow-rate irrigation,
rapid infiltration, and injection wells, each of which is discussed
in Appendix D. It was determined that the rapid infiltration
method of land disposal was most appropriate in Plymouth, and 33
potential sites were identified within the Town boundaries, as
shown in Figure 8-2. The screening process used te identify
those sites meriting field investigations is discussed in
Appendix D, In general, sites located very much to the west of

Route 3 were given low rankings because of the large pumping
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distance required to convey wastewaber to these sites and because
of a greater pobtential for degradation of the Plymouth aquifer
should these sites be used (a large portion of the northern half
of Plymouth that is west of Route 3 lies within recharge areas of
existing and proposed public wells, as indicated by the aquifer
protection district boundaries shown in Figure 8-3).

Five sites {A4,E,F,G, and U} were initially selected for
field investigations, and additional field testing was later
conducted on two more sites (DD and LL). Detailed geotechnical
evaluatiens including test pits, borings, and infiltration
testing, were conducted on the two sites having the greatest
potential to handle North Plymouth's wastewater (A and DD) and
the two sites having the greatest potential to handle Manomet

wastewater (U and LL}.

North Plymouth. The projected design flow (maximum month)

for the North Plymouth and West Plymouth serviece areas is 4.2 mgs.
The Massachusetts DEQE has will not permit any rapid infiltration
system to be loaded at a rate higher than 5 gallons per day per
square foobt, which is equivalent to an annual rate of 2hh feet

per year. Metcall & Eddy recommends that an upper limit of 200
feet per year be used, assuming ideal soil conditions. A reduced
maximum rate is applicable if the waste to be applied consists of
primary rather than secondary effluent, as organic loadings
should be kept under 100 pounds per acre per day. For North
Plymouth wastes, assuming ideal soil conditions {i.e., highly

permeable soils), Table 8-1 presents the minimum disposal area
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TABLE 8-1. MINIMUM AREA REQUIREMENTS FCOR RAPID
INFILTRATION OF NORTH PLYMOUTH WASTEWATER

Flow, mgd
Annual average 2.25 4.0
Maximum month 2.45 .2

Basin Area, acres

Primary effluent - 51

Secondary effluent 13 23.5
Basin Plus Buffer Area(}), acres

Primary effluent - 96(2)

Secondary effluent 31 k5

(1) Includes a 200-t buffer zone around entire site.

(2} 1Includes 5 acres for a treatment plant.

requirements for the alternatives under consideration. The 2.25
mgd flow was considered in conjunction with an alternative under
which 1.75 mgd would continue to be discharged to Plymouth Harbor
Wwith the remainder going to the land.

Based on the site ranking process used in this study,

Site A on Russell Mill Road was identified as the highest ranking
site for North Plymouth,

Disposal layouts for both primary and secondary effluent
was evaluated for Site A, as discussed in Appendix D. Under the
secondary effluent alternative, treatment would be accomplished
either at a new secondary treatment plant site or the existing
WWTP site, and effluent would be transmitted to the disposal
site. Under the primary effluent alternative, treatment would

oceur at a new plant located on Site A and the existing plant
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would be abandoned. Delivery system routes and cost estimates
for these alternatives are preasented in Chapter 10, |

Although the EIS contractor found no serious adverse
environmental impacts associated with the use of Site A for
wastewater disposal, intense public opposition developed to the
use of this site during the course of the study. The primary
concerns expressed by the public were potential effects on the
aquifer and the water gquality of the Eel River system.

A second site on the County Farm (Site DD) was then
evaluated, as discussed in Appendlx D. Only secondary effluent
was considered for disposal at this site due to its smallier
size. Costs for this alternative were also estimated and found
to be similar to those asscciated with Site A (see Chapbter 10).

On January 3, 1984, the Plymcoulh County Commissioners
voted to deny the use of land at the County Farm for wastewater
disposal because the County "“uses those parcels in question for
agricultural purposes,” plans "to expand the existing House of
Corrections physieal plant" at the site, "has some concerns over
the proximity of the proposed disposal facilities to the densely
populated House of Correction," and "has some concerns with being
a good neighbor" to the Jordan Hespital and Plymouth-Carver
Regional High School. This vote is deocumented in Appendix K.

Recause the two most promising sites had been rejected and
Lhe fact that other potential sites were likely to be associated
with more adverse environmental effects and higher costs than the
ocean disposal alternative, the Plymouth Citizen's Advisory

Committee voted on January 12, 1984 to recommend ocean disposal
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and drop further consideration of land disposal of North Plymouth
wastewater,

Manomet. The projected design flows (maximum month) for
the two Manomet sewering alternatives are 0.3% mgd (Schemes 1 and
3) and 0.18 mgd (Schemes 2,4,5, and 6). For Manomet wastes,
assuming ideal soil conditions, Table 8-2 presents the minimum
disposal area requirements for the alternatives under

consideration.

TABLE 8-2., MINIMUM AREA REQUIREMENTS FOR RAPID
INFILTRATION OF MANOMET WASTEWATER

Flow, mgd 0.18 0.35% 0.45
Basin area, acres 1.0 2.0 2.5
Site area including preliminary 13 17 19

treatment and buffer zone, acres

{17 Wote that additional area 1S required at the site if future
expansion of the sewer system to include the Manomet Village
Center is Lo be accomodated.

Based on the site ranking process used in this study and
preliminary field rating Site U at the corner of Beaver Dam Road
and Route 3A was identified as the site to be given a detailed
geotechnical evaluation. However, initial soil boring results
and resistance of the property owner forced the abandonment of
further consideration of this site,

After conducting additionzl preliminary field studies on
three sites, further detailed evaluations were made of the site

on the Edison Access Road (Site E), as discussed in Appendix D,

With this site alternative, wastewater from either collection
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system alternative would be pumped to the disposal site.
Delivery system routes and cost estimates for these alternatives
are presented in Chapter 10.

No serious adverse environmental impacts were identified
as being associated with the use of Site E for wastewater
disposal, and little if any public opposition to this site arose
during the public meetings. Boston Edison, the owner of the
property, did not object to "serious consideration" of this site,
but did state that "there may be circumstances beyond Edison's
control that may preclude the use of" the site (see their letter
of November 15, 1982 in Appendix K).

Under new regulations effective October 15, 1983, any
facility which discharges over 15,000 gallons per day tc the
groundwater must apply to the DWPC for a permit (314 CMR 5.09).
All groundwaters in the State are to be classified Class I
(potable water supply source), Class 11 (saline waters) or
Class III {(nonpotable waters)., Discharges of wastewater in Class
I or 11 groundwaters musi comply with stringent standards,
including secondary bLreatment with partial nitrogen removal
(314 CMR 5.10.3-4)., 1If the Edison site is to be used, the Town
should apply to the DWPC to have the groundwater downgradient
from this site classified Class III using the procedures reguired

in 314 CMR 6,04 and 6.05.
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CHAPTER 9

WASTEWATER TREATMENT PROCESS
ALTERNATIVES AND COSTS

General _

The degree of wastewater treatment which will be provided
in Plymouth and Manomet will be dependent upon the means selected
for finai-effluent disposal.

If disposal of wastewater is to be to the ocean, secondary
treatment will be required at any of the discharge locations
considered, This requirement 1s a condition on the present NPDES

permit for the North Plymouth Plant, and the numerical modeling

conducted during this study confirmed the fact that a higher
degree of treatment 1is not necessary (see Appendix B).

In the case df land disposal, either primary or secondary
effluent may be applied to the land with similar effects on
groundwater quality, as treatment to advanced levels will occur
as the wastewater percolates through the unsaturated solil,
Primary effluent may actually be preferable in cases where
removal of nitrates 1s required to protect groundwater supplies,
as 1t provides a carbon source for denitrification. The major
adverse affects of applying a primary rather than secondary
effluent to a rapid infiltration system are a larger area
requirement (due to limitations on surface organic loading), a
higher frequency of required disking of the surfaces of the
infiltration basins, and the potential for increased odor

generation due to the higher surface organic loadings. Advanced
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treatment is sometimes practiced prior to land disposal if the
discharge is to a drinking water supply or a high degree of
nutrient removal 1is necessary. The EIS contractor has not
identified the need for high levels of nutrient removal prior to
application onto any of the sites considered in detail during
thig study,

Wastewater Treatment Process Considerations

In evaluating treatment alternatives for wastewater, many
factors must be considered, Among the most important of these
considerations are: the ability to achieve the required effluent
quality over a range of operating and climatic conditions, the
capital (construction) cost and the 0&M costs associated with the
alternative, the reliability and ease of operation, the
avallability and sultability of land in the‘area, and finally,
the environmental impact of the treatment facilities on the
gurrounding area.

However, no single item should dictate the selection of a
process alternative., Every factor must be weighed to determine
the overall favorability of each potential system. For example,
a process which presents the lowesl overall cost, but is
considered unreliable, or difficult to operate, might be rejected
in favor of an alternative which, though more coatly, would more
consistently meet Federal and State effluent standards. The
selected alternative then should combine the characteristics of

high reliability, relative ease of operation, and acceptable

environmental impact, together with the lowest possible cost.
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The wastewater treatment process alternatives considered

to have application for wastewater treatment in North Plymouth
and Manomet are

1. Primary settling alone (prior to 1land disposal only).

2. Extended aeration activated sludge.

3. Conventional activated sludge with or without primary

treatment,

4. Rotating biological contactors.

5. Aerated facultative lagoons

Other methods of wastewater treatment which were initially
screened include physical-chemical treatment and trickling
filters. Both of these methods have been discarded. Physical-
chemical processes for secondary treatment have proven to be very
costly, both in construction costs and in annual operating
costs, In addition, the complexity of operation and high degree
of operator attention are factors contributing to the undesir-
ability of physical-chemical treatment. Trickling filters, on
the other hand, are quite simple to operate and reguire a minimum
of operator attention. However, they generally result in large
head losses through the plant requiring either intermediate
pumping or very deep excavation. Both measures would be very
costly. Perhaps the most important drawback to trickling filters
is their difficulty in funectioning efficlently during cold
weather. The NPDES permit used for Plvmouth requires year-round
secondary treatment, making trickling filters a questionable

choice for wintertime use without additicnal treatment.
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The following paragraphs describe the treatment process

alternatives considered to be most applicable in Plymouth:

Primary Settling. Primary settling is used to remove

settleable and floating material from wastewater under quiescent
conditions. Solids settling in the tanks are scraped to a
hopper, and scum 1s skimmed from the surface by mechanical
means. Generally, removals of BOD5 and suspended solids are
about 30 percent and 60 percent, respectively. Scluble
pollutants are unaffected by primary treatment.

Primary settling by itself is generally not considered to
provide an acceptable degree of treatment and would not be
approved by Federal and State regulatory agencies for Plymouth
except possibly in the case where effluent disposal would be to a
land treatment system,

Extended Aeration Activated Sludge. This is the secondary

treatment process currently used at the North Plymouth WWTP. It
is most commonly used in plants having capacities of 2 mgd or
less and would thus be more applicable to Hanomet than North
Plymouth in the future. The process is described in Chapter 3.
A hydraulic detention time of 16 to 24 hours at design average
flow is commonly provided. Generally, primary settling tanks are
not used in conjunction with extended aeration systeams to
simplify sludge treatment and disposal.

Extended aeration yields an effluent low in BOD while

producing a minimum of sludge, due to breakdown of microbial

cells during endogenous respiration. The reduced sludge
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quantities minimize the size of sludge dewatering facilities as
well as the costs of ultimate disposal, Also, the cost of
conditioning chemicals for sludge dewatering are minimized.
However, extended aeration requires a large aeration tank volunme
and secondary settling tank surface area, In addition, a
relatively high aeration capacity is required, resulting in
relatively high capital costs and electrical power costs.,

Waste sludge from the extended aeration system is commonly
pumped to an aerobic digester prior to dewatering, in order to
further reduce and stabilize sludge solids and to thicken the
sludge preparatory to deﬁatering.

Conventional Activated Sludge, This secondary treatment

process is similar to the extended aeration process except the
hydraulic detention time is much shorter (typically about 6
hours) and sludge production is higher due to the lower degree of
endogeneous respiration associated with the reduced aeration
time. The sludge can be concentrated by using flotation
thickeners, in which air bubbles are used to carry sludge solids
to the surface of the unit where they can be removed, thereby
minimizing the required sludge dewatering capacity. Conventional
activated sludge is generally more cost-effective than extended
aeration for plants larger than 2 mgd.

Primary settling is normally provided ahead of
conventional activated sludge systems to reduce the organic

loading to the system.
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Rotating Biological Contactors. Another secondary

treatment alternative which has been considered for use at
Plymouth uses rotating biological contactors (also called RBC's
or biodiscs). The biodisc process ig a "fixed film" process as
opposed to a "suspended growth' process auch as activated sludge.

The process utilizes large dlameter corrugated plastic
disks, mounted on a horizontal shaft, which rotate in a tank
contoured to accommodate the disks. Submerged to about 4o
percent of their surface area, the discs rotate siowly through
the wastewater, alternately contacting the biomass on the disk
with the wastewater and the atmosphere. The wvastewaler passes
over the disks in a thin film and absorbs OXygen from the air.
The microorganisms attached to the disk remove organics and
dissolved oxygen from the thin film. The disk then rotates
through the wastewater picking up more organics, completing the
process, The adsorbed AOD is oxidized and synthesized by the
bacteria, resulting in the oxidation products of carbon dioxide
and water, and the production of new cells.

The shearing forces created by the constant rotation cause
excess biomass growing on the disc to be sloughed off and carried
downstream to settling tanks for removal. The solids generated
by the biodisc process are not recycled, but are wasted to siudge
processing via the primary settling tanks,

Unlike activated sludge systems, biodisc units are always
enclosed by elther prefabricated fiberglass covers or by a

building.
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The biodisec system requires less process control than does

activated sludge, reducing laboratory analyses and manhours. The
operating horsepower (used for the rotating drive) of the biodisc
units is usually significantly less than that of activated sludge
aeration systems. This results in lower electrical costs for
biodisc systems.

The biodisc process produces sludge in similar quantities
as the conventional activated siudge. The sludge produced 1s
amenable to subsequent treatment and disposal.

Aerated Facultative Lagoons., Aerated lagoons are a means

of biological treatment similar to activated sludge except that
settling tanks are not normally provided and sludge is not
normally recycled. The lagoons themselves have very liong
detention periods (10 to 20 days or more), require relatively
large amounts of land, and thus are applicable only to relatively
amall plants. The teQm facultative means that two zones exist ip
the ponds -- an aerobic surface zone and an anaeroblc bottom
layer. Facultative lagoons do not have to be completely mixed
and thus require less power than a true aerated lagoon. Aerated
facultative lagoons can be designed to provide 70 to 85 percent
BOD removal.

A lagoon is typically an earthern basin provided with an
impermeable liner. Aeration is provided Dby diffused air or Dy
mechanical aerators. If adequate depth is provided, sludge may
be aliowed Lo decompose anaeroblcally on the bottom, eliminating

the need for sludge processing equipment or routine sludge
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disposal, Odors may occur for short perioda during the spring

when the lagoon experiences 1its thermal overturn,

The 208 Plan stated that lagooning appears to be very
feasible of Manomet's wastewater prior to land disposal, and such
facilities have generally been acceptable to the regulatory
agencles.

Sludge Processing Considerations

The processing and disposal of sludge represents a major
potential impact on the environment, as well as a significant
cost factor of wastewater treatment. The presence of heavy
metals and pathogenic organisms in sludges present the most cause
for concern in the disposal of sludge. Other factors to be
considered in selecting a method of sludge disposal are the high
nitrogen content of sludge which can present problems to nearby
surface and groundwater sources when sludge ig applied to land,
and odor problems resulting from poorly atabilized sludge or poor
disposal methods. Many variables must be weighed in selecting a
sludge processing alternative in order to minimize adverse
environmental effects and to keep sludge processing costs as low
as pessible, Two factors which could limit available sludge
management options in Plymouth are:

1. The size of the proposed treatment facility - siudge

processing alternatives can be dictated by the

magnitude of the sludge operation. For example, in

plants on the scale of the proposed Plymouth facility,

sludge incineration has not been found to be
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economically feasible, unless land for sludge disposal

is unavailable.

2. Present and proposed land use in the area - in an area
where farming is a major land use, the use of sludge
or compost as a soll conditioner or fertilizer may be
indicated. However, in a nonfarming area such as
Plymouth, there may not be sufficient demand for
fertilizer or soil conditioners on a continuing and
long~term basis.

Sludge Stabilization. Sludges removed from wastewater

treatment processes can undergo anaerobic biological
decomposition, causing odors and other problems. Prior to final
disposal, the sludge must be treated to stabilize and inactivate
the biomass,

The sludge stabilization alternatives considered in this
study include lime stabilization, aerobic digestion, anaerobic
digestion, and composting. At the request of the Citizen's
Advisory Committee, consideration was also given to the Union
Carbide Dual Digestion Process.

1. Lime Stabilization. Disposal of raw siudge to land is

objectionable because of the highly putrescible nature of the
sludge solids, the large number of pathogenic organisms, and the
possibility of heavy metals in the sludge. However, it has been
found that raising the pH of the sludge to 11 or 12 by the use of
1ime results in almost complete kill or inactivation of the
microorganisms in the sludge. In addition to destroying

pathogens in the sludge, the high pH also inactivates the
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organisms which decompose the organlc gludge solids and cause
objectionable odor problems. The destruction of disease-causing
organisms and the eliminatienof objectionable odors allows the
sludge to be disposed of on land or in landfills. The high pR
also serves to tie up any heavy metals in the sludge.

Lime stabilization may be practiced on either raw or
dewatered sludge. In the former case, it is pumped to a chemical
conditioning tank where the sludge is dosed with large quantities
of hydrated lime. The raw sludge is mixed with approximately 20
to 30 percent lime (by weight) and with ferric chloride (a sludge
conditioner added to improve dewatering) immediately prior to
dewatering. Since lime is only slightly soluble in water, Lhe
addition of 30 percent lime to the sludge solids increases the
total solids to be disposed of by almost 30 percent.

Sludge may also be stabilized with lime after it is
dewatered. One method is the Roediger Process. Here, dewatered
sludge cake is conveyed to equipment which mixes it with quick
lime, creating a crumbly, stable substance that is easy to handle
and dispose of., Stabilization occurs both because of the high pH
and the pasteurizing effect of the heat caused by the exothermic
reaction of quicklime with the sludge. Hydrated lime may also be
used in conjunction with a pug mill to achieve post dewatering
1ime stabilization. Somewhat higher dosages of lime may be
required with post dewatering lime stabilization than if lime is

dosed before sludge dewatering.
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2. Aerobic Digestion. Aerobic digestion is the

stabilization technigque currently used at the Plymouth WWTP. It
{s similar to the activated sludge process. The organic material
in the waste activated sludge or mixture of primary and waste
activated sludge 1s converted, under aerobic conditions, to
carbon dioxide, water and nitrates. The process is carried out
in an open, aerated tank having a detention period of 15-20

days. To date, aerobic digestion has been used primarily in
small plants, particularly those using extended aeration or
contact stabilization.

3, Anaerobic Digestion. In the anaerobic digestion

process, the organic material in mixtures of primary settled and
biological sludges is biologically converted under anaerobic

conditions to methane (CH4) and carbon dioxide (COz)' The

process is carried out in an gastight reactor. Sludges are
introduced continuously or intermittently and retained in the
reactor for varying periods of time. The stabilized sludge,
which is withdrawn continuously or intermittently from the
process, is nonputrescible, and its pathogen content is greatly
reduced.

Two types of digesters are now in use: standard-rate and
nigh-rate., In the standard-rate digestion process, the contents
of the digester are usually unheated and unmixed. Detention
times for this process vary from 30 to 60 days. In a high-rate
digestion process, the cohtents of the digester are heated and

completely mixed. The required detention time is typically about
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1% days. A modification of these two basic processes 1is Known as
the two-stage process. The primary function of the second stage
is to separate the digested solids from the supernatant liquor;
nowever, additional digestion and gas production may occur.

Y, Composting. Composting of raw dewatered sludge with
wood chips has been evaluated for possible use in Plymouth.
Composting can be defined as the thermophilic decomposition of
organic wastes by aerobic organisms to produce a stable humus-
like material. The humus, essentially f{ree of pathogens and
odor, can be used as a soil conditioner to increase the organic
content of the soil, to inerease the soil water retention, and to
increase soil aeration.

Other advantages of composting include conservation of
landfill space normally reserved for hurial of sewage sludge and
possible cost savings on peat moss and topsoil which might
normally be applied to Town land. Composted sludge can also be
applied to agricultural land and to lawns and gardens. As little
farming is done in Plymouth, it is anticipated that the primary
use of the compost material would be by homeowners. However, as
these uses represent seasonal needs, it 1is evident that the
composting operation must also be seasonal, or capacity must be
provided to store the material during those months when there is
no demand. The substantial capital investment reguired to
initiate a composting operation would normally dictate that
composting be carried on year-round with storage capacity

provided for the low demand period.
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Raw dewatered sludge from the treatment facility would be

hauled to tﬁe compost site five days per week. At the site which
would consist of a paved pad about two acres in area, the sludge
would be mixed with wood chips and placed on the forced aeration
compost piles.# Small air blowers would be used to draw air
through the compost in order to maintain aerobic conditions
throughout the piles. The forced air compost piles would be
maintained for about three weeks. During that time, thermo-
philic conditions (temperatures > 55 deg C) would develop in the
pile, which act to disinfect the sludge, as well as to facllitate
the stabilization of the organic material in the sludge. Gases
drawn from the pile by the blower during the composting reaction
would be deodorized by passing them through piles of acreened
compost which tend to absorb most odors.

At the end of the three-week aeration period, the
composted material woald be placed in curing piles where it would
remain for about a month. Curing allows additional composting to
take place, and assures good pathogen kill through attrition and
through continued thermophilic temperatures. After curing, the
composted material would be spread out for drying and then be
screened to remove and recycle the bulking material,

During wetter periods of the year, it would not be

possible to dry the composted sludge sufficiently to permit

% Wood chips are added as a bulking material to create air voids
and to reduce the moisture content of the compost pile, Thnis
facilitates air passage through the pile and allow attainment
of the high temperatures required in the composting process.
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screening. Therefore, an area at the compost site would bve
provided to stockpile composted, unscreened sludge for b
months. Runoff from the site would be collected in a storage
pond for later conveyance to the wastewater treatment plant.
Public acceptance of the compost material is erucial to
the success of the composting operation. If gufficient demand in
the compost does not exist, excess material would require burial
in the landfill thus negating the major advantage of the process.
A well-coordinated effort by town government, citizens' groups,
and the local media would be neceasary to ensure an efficient
composting operation. Sale of composted material could offset
some of the costs of the operation, with the price depending on
the level of public acceptance and resulting demand for the
compost. Since public acceptance of such an operation is
unknown, the assumption has been made in the cost analyses used
in this facilities plan tﬁat the compost would be distributed at
no charge,

5. Lotepro Dual Digestion Process. This proprietary

process consists of a short detention time autothermal aerobic
digester utilizing high-purity oxygen followed by an anaerobic
digestion step having a detention time of at least eilght days.
Like other digestion processes, it produces a stabilized

aludge. The manufacturer claims that the process yields greater

net energy production than conventional anaerobic digestion at

lower capital costs,
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This process is still in the developmental stage, and has

only been tested at one facility (in Hagerstown, Maryland)., It
is best suited to facilities using pure oxygen activated sludge
systems, The process requires a thickened sludge feed to acnleve
autothermal aerobic digestion, This is a serious disadvantage at
a small WWTP site such as Plymouth's, as it would result in a
significant cost increase and a larger sludge handling building
to house the thickeners, New tankage would also be required for
soth the aerobic and anaerobic digesters, and a pressurized
liquid oxygen storage tank surrounded by a large clear safety
zone would alsc be required. In addition, potentially explesive
1iquid oxygen would nhave to be trucked into the center of
Plymouth., In view of these considerations, we do not feel that

this process is appropriate for Plymouth.

Sludge Dewatering. The ultimate disposal of sludge is

greatly facilitated by disposing of the driest sludge possible.
Runoff and leachate problems are increased with iiquid sludge,
and adverse effects on groundwater and surface water sources can
result. It is also less costly to transport a relatively dry
sludge to a disposal site than to transport the same amount of
solids inflated by the weight of more water. Means considered
for dewatering sludge are sludge drying beds (Manouet only),
vacuum filters, and belt-type filter presses.

1. Sludge Drying Beds. Sludge drying beds are a commonly

used method for dewatering digested sludges. Their use is

generally restricted to small plants due to significant land
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requirements associated with required drying periods of at least
10 to 15 days. They are generally not suitable for use in
proximity to residential areas. Dried cake solids of about 40
percent are typilcal.

Conventional drying beds have typically used a slow
draining sand media, but an improved technique using stainless
steel wedgewire panels as media has been shown to produce a
shovelable sludge cake (about 15 percent soilds) within a drying
period of one or two days. This is possible because the
wedgewire media prevents the migration of fine particles which
cause media blinding. This is accomplished by controlling the
pressure against the media by restricting the drainage rate.

2. Vacuum Filters. Vacuum filtration is the most widely

used method of dewatering sludge by mechanical means, The
process utiligzes & rotating drum through which a vacuum is
created. The drum is enclosed by a porous filter medium, usually
cloth or coil springs, which retains sludge solids whilie the
water in the sludge is pulled through the medium, This water,
palled filtrate, is returned to the treatment plant,

The drum is rotated through a vat of sludge. The sludge
is eonditioned with chemicals, usually ferric chloride and lime,
to allow the solids to coagulate and release bound water.
Conditioned sludge dewaters more readily and yields higher solids
conecentrations in the filter cake. As the drum emerges from the

vat, the surface 1s covered with wet sludge. Air is drawn

through the wet sludge by use of a vacuum pump, causing a

negative pressure beneath the cake and extracting water from the
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sludge., The sludge cake 1s then removed before it reenters the

vat by a knife edge, roller, or by gravity discharge. The cake
is discharged directly onto a conveyor belt at about 18-22
percent solids. Filter cake is usually trucked to the point of

final disposal,
3, Continuous Belt-Type Filter Presses. The belt-Lype

filter press consists of two or more endless filter belts which
are set in parallel at their interface. Belts may be woven of
either metal or synthetic fibers to the desired mesh size or
drainage characteristics. Compression rollers are set both above
and below the interface of the filter belts. The vertical
spacing between the compression rollers decreases from the
beginning to the end of the compression cycle as the conditioned
sludge is continuously fed between the two filter belts. Sludge
passes through a gravity drainage zone followed“by a compression
sone and a shear zone. Filltrate is collected in a sump and
returned to the wastewabter flow upstream of the aeration tanks.
The dewatered sludge is scraped off the belts by fixed blades
where it is then collected on a conveyor system and discharged
through a hopper onto a truck for conveyance to the disposal
site,

Polymers are used for sludge conditioning. Lime
gtabilization may not be practiced ahead of a belt filter press,
because polymers do not floeculate well at a pH of 12 and Decause

lime scaling adversely affects the belt media and bearings. The
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sludge cake typlcally contalns between 16 and 22 percent sollds

depending on the charecteristics of the feed sludge.

Sludge Utilization and Disposal. Following the stablliza-

tion, chemical conditloning and dewatering processes, the sludge
18 considered sultable for land application. The methods of land
application may be broadly classified as utilization and
disposal. Utilizatlon of sewage siudge is a recognition of
studge as a useful commodity. Sludge contains nitrogen,
phosphorus, and organlc material, and under proper conditlions can
serve as a 8soil conditioner and low grade fertilizer. Sludge may
be used to increase the organic content of a sandy soll; 1t may
be used to fertilize certailn crops, or 1t may be used to reclaim
unusable land such as strip-mined land.

Certain characteristics of siudge require that the impacts
of 1ts use on land be carefully considered. Heavy metals such as
zinc, copper, lead, mercury, chromium, nickel, and cadmium can be
found in varying amounts in most sludges, particularly in
1ndustrialized areas. In high enough concentratlons, heavy
metals may be toxic to plant 1life, and to animal 1ife lfeeding on
affected plants. Given the scarcity of process 1lndustry in
Plymouth and the highly domestic nature of Plymouth's wastewater,

the heavy metal content of the slud e should be relatively

low.® However, even a low metal content in the sludge can be

¥ fnalyses of sludge and scum from the exlsting Plymouth WWTP,

included in Appendix O, indicated levels of chromium and copper
which would restrict the use of this sludge as a soil condl-

tioner. It 1s expected that these levels will be reduced to
acceptable levels in the future when sludge wasting rates are
increased.
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accumulated and concentrated in the soll system, and over a

period of time bulld up to toxic levels.

The relatively high nitrogen content of sludge, generally
1.5 to 8 percent as total nitrogen, must also be considered, both
for cropland use and for landfill disposal. In fact, nitrogen 1s
most often the limiting element for soil application, not the
heavy metals. Although almost all of the nitrogen in sludge is
in the organic or ammonla forms, as water leaches out of the
sludge, the ammonla carried with 1t is oxldized by nitrifyling
pacteria in the soil. The resulting nitrates, unless denitrified
by soil bacteria or taken up by piants, can present a problem %o
nearby surface water and particularly groundwater sources.

There ave & number of sludge disposal methods commonly
employed throughout the country today. The majority of
communities dispose of sludge to the land ; however, some
communities do discharge siudge to the ocean. The policy of the
EPA is to prohibit additional ocean disposal of sludge; hence,
ocean disposal 1s not consldered further.

Disposal of sludge on land may pe accomplished at various
stages of sludge treatment. The principal methods used include:

a. spreading on land as a soll conditioner or fertilizer

5, landfill or burilal

c. 1incineration followed by one of the preceding.

1. Using Sludge as a Soil Conditioner or Fertllizer.

Spreading municipal wastewater sludge on land 1s both an

acceptable and benefliclal solution to the sludge disposal
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problem, provided the sludge is given adequate pretreatment.
There are a multitude of factors which affect the feasibility of
its use on land. These inqlude government regulations,
economics, proximity of the land disposal areas to tne treatment
plant, ownership of the disposal areas, continued acceptance of
sludge by landowners, proximity of the land disposal sites to
densely populated areas and to surface or underground water
supplies, method and freguency of applying sludge, presence of
heavy metals in the sludge, assimilative capacity of the soil,
fertilizer value, soil conditioner value, geography, topography,
climate and geology.

Essential to long-term use of sludge as a soil condit loner
is the continuing availability of land reguiring s01il
improvement., In Plymouth, a non-agricultural area having cold
winters, the need for soil conditioner has not been eatablished
and at best would be seasonal, requiring burial of sludge during
periods of low demand, The distribution of sludge stabilized,
say, by composting, at the landfill during high demand periods
would have the advantage of increasing the life of the landfill.

2, Landfill Disposal of Sludge. Burial of sludge in a

sanitary landfill is the most commonly used method of sludge
disposal. It is generally the most economical method where
sludge utilization 1is not feasible., Sludge is usually disposed
of in a landfill by mixing with municipal refuse, compacting the

mixture, and by covering the mixture daily with a suitable cover

material. However, sludge-only landfiils may also be used,
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Sludge and scum from the existing Plymouth WWTP are

presently trucked in the liquid form to drying beds located
adjacent to the Manomet Landfill. After drying, the solids are
mixed with refuse and buried in the landfill. As of January
1983, the 20-acre Manomet Landfill (which was opened in 1955) had
an expected life of 4.9 years as a combined refuse/sludge
landfill, according to the "Report on the Proposed Expansion and
Operation of the Existing Landfill for the Town of Plymouth'" by
E.J. Flynn Engineers., The Town has negotiated a long-term
contract with SEMASS, operators of a proposed 1500 ton/day
resource recovery plant in Rochester, Massachusetts to take
Plymouth's solid wastes. Kefuse will be burned to produce
electricity. If the SEMASS project goes forward, it could begin
accepting Plymouth refuse as early as 1987, about the same tine
that the Manomet Landfill reaches its capacity as presently
designed. SEMASS is presently unwilling to accept wastewater
sludge at its facility because it would then be a co-disgposal
facility and subject to different regulations than a solid waste
disposal facility.

The Manomet Landfill is the only active landfill in town
and is the only landfill site at whiech continued landfilling is
considered to be politically feasible in the future. Several
possibilities exist for continuing use of the Manomet Landfill as

a sludge-only landfill in the future, as follows:
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1. The landfill could be expanded into the existing
drying bed area, which will be abandoned, The area
made avallable, however, would be less than two acres
(see Figure 9-1).

2. The height of the existing landfill could be increased
within limitations imposed by slope and terracing
requirements.

3. The landfill could be expanded onto adjoining
properties if the Town could acquire the land for this
purpose. An area of about 5 acres should be adequate
for the 20-year planning period.

The iatter alternative is considered by the Town to be
infeasible since the adjoining properties are owned by the Town's
Conservation Commission and Digital Equipment Company (who
recently purchased the land for its new industrial development in
Plymouth).

It is estimated that 7-9 years of capacity is available ip
the existing drying bed area and another 7-9 years could be made
available by increasing the design height of the existing
landfill by 15 feet.

According to the "Policy con the Design and Operation of
Sludge Landfills" as published by the Massachusetis DEQE on
March 31, 1983, a liner and leachate collection system would be
required on any virgin landfill area, such as the drying bed

area, but no liner would be required for the portion of the

landfill previously used for refuse and sludge disposal.
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Incineration. Incineration of wastewater sludge may be

vyiable where suitable land disposal sites are remote, and
resulting transportation costs are excessive. Sludge is oxidized
by use of multi-hearth incinerators or fluidized bed reactors,
which are designed specifically to handle sludge. Incineration
has proven to be economically unattractive for facilities on the
scale of those proposed for Plymouth. Therefore, sludge.

incineration at the Plymouth treatment plant has been ruled out,

Expansion of Existing North Plymouth Plant

Because the existing Plymouth WWTP is only 15 years old
and is centrally located within the collection system, serious
consideration had to be given to continued use of the existing
plant site in spite of the limited area available for
expansion. The existing 3-acre property has only sufficient
space to add two settling tanks and additional disinfection and
effluent pumnping equipment. The 1.2-acre lot adjacent to the
plant site on the north side was purchased by the Town shortly
after the WWTP was constructed for the purpose of providing space
for future expansion, This property is atill owned by the Town
and is presently leased to Ocean Spray, Inc. for use as a parking
lot for its visitor center. TFigure 9-2 presents an aerial
photograph of the site showing botn the WWTP and the adjaceni lot
proposed fur use in expanding the plant.

During the early phases of the study, consideration was
given to filling in the portion of the harbor immediately
adjacent to the WWTP and expanding the WWTP onto the newly-

oreated land. However, upon being advised by the DEQE that such
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action is forbidden by the 1978 Wetlands Act unless "no feasible
alternatives" exist, consideration of this alternative was
dropped. On November 23, 1982, the Plymouth Board of Selectmen
directed the CAC to assume that the Town property presently
leased to Ocean Spray would be avallable for use by the WWTP in
the event that this space were required for expansion of the
plant.

Preliminary evaluation during this study revealed that the
existing plant could be expanded up to a capacity of 5.0 mgd on
the existing site if the adjacent lot were used. The proposed
design year average flow of wastewater from North Plymouth is
only 4.0 mgd, as shown in Table 7-3.

If the existing WWTP is expanded, the design will have to
account for the artesian groundwater conditions on the site,
Site dewatering costs during construction will be above average.

Several alternatives for wastewater treatment and sludge
processing at the existing site were developed, as discussed in

the following sections.

General Modifications. The following plant modifications

are common to all the treatment alternatives considered:

1. Modifications would be made to the plant headworks,
including replacement of the mechanically-cleaned bar
rack, raw wastewater pumps and flow meter. Sonme
structural and piping modification are also necessary

to accommodate the increased flows.
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2. The existing grit removal system would be replaced

with enclosed aerated grit chambers. The enclosure
would be furnished with an activated carbon odor
control system. A vac-all truck will be provided for
removing grit from the grit chamber.

3. The aeration tanks would be modified to increase
flexibility in operating modes. The tanks would be
compartmentalized to permit operation in the
complete-mix, plug fleow, step aeration and contact
stabilization wodes. New aerators would be installed
in the tanks to replace the existing units.

4, Two new 55-ft. diameter final settling tanks and new
sludge pumping eguipment would be added to
accommodate the increased flows. All four final
settling tanks would be protected from the 100-year
frequency flooding. The design elevation of the tops
of the outer tank walls will be based on predictions
of wave runup to be included in a Federal Emergency
Management Administration study which is presently
underway, and will be somewhere between Elevation
12,5 and Elevation 14,

5, Chlorination capacity would be increased to
accommodate increased flows.

6. Chlorine contact tanis would be constructed to
provide a minimum of 30 minutes of contact time

(assuming discharge is to the ocean).
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7. An effluent pumping station would be provided to
permit the discharge of peak flows at extreme high
tide (effluent pumping would not be reguired under
normal flow and tide conditions).

8. A new 300-Kw emergency power generator would be
provided to replace the existing 100-kw unit. The
generator would be equipped with automatic start
instrumentation.

9. A new sludge processing building would be provided to
house dewatering and chemical feed eguipment, a new
laboratory, a maintenance shop, an office, and
storage,

10. The existing aerobic digesters would be modified for
use as sludge holding tanks with provisions for
returning decanted supernatant to the aeratbtion
tanka. The existing surface aerators would be
replaced with submerged turbine aerators to permit
operation during the winter months,

11. The plant would be equipped with a drainage system to
enable any of the tanks to be dewatered by gravity
back to the influent pumping station.

Wastewater Treatment Alternatives. Three alternatives for

wastewater treatment and sludge thickening were evaluated for use
at the existing site., All three would make use of the existing

aeration and settling basin tankage as follous:
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Alternative P-1. Conventional Activated Sludge With

Primary Settling.

Under this alternative, depicted schematically in

Figure 9-3, wastewater would receive preliminary treatment

(consisting of screening and a new grit removal system),

would pass through new primary settling tanks where

settleable organic solids would be removed, and then would
enter the existing aeration tanks. The process is similar
to the existing extended aeration process described in

Chapter 3 with the following exceptions:

1. The presence of primary settling taniks reduces the

concentration of BODS and suspended solids in the
wastewater entering the aeration tanks; reductions of
30 percent and 60 percent, respectively may be
expected,.

2. The detention time in the aeration tanks is much
shorter than with extended aeration (7 hours versus 17
hours). This results in a lesser degree of biodegra-
dation of the solids formed in the process (or, stated
in another way, the production of more sludge per
pound of organio material entering the process),

Under this alternative, waste activated sludge would be

returned to the head of the plant for thickening and

storage in the primary settling tanks. At design
capacity, approximately 9000 1b/day of sludge solids would

require dewatering under this alternative.
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Alternative P-2. Conventional Activated Sludge Without

Primary Settling

Under this alternative, depicted schematically in

Figure 9-l, wastewater would receive preliminary treatment

and then paas directly into the aeration tanks. The

organic loadings on the aeration systemw would be higher

than with the previous alternative (approximately 7000

1b/day versus 5000 1b/day BOD5’°
While this 1is not an alternative that

considered for a plant of 4-mgd capacity, it
applicable in this case because of the space

existing site, the relatively weak nature of

would normally be
appears particularly
limitations at the

the wastewater which

is attributable to the high infiltration flow, the more than

adequate aeration tankage available due to the fact that the

original plant design used a lowly-loaded extended aeration

system, and concern about odors from primary

congested site.

settling on a

Under this alternative, at design capacity, approximately

5500 pounds per day of unthickened waste activated sludge would

require dewatering and disposal.

Alternative P-3. Conventional Activated Sludge Alone with

Flotation Thickening

This alternative, depicted schematically in Figure 9-5, is

similar to the previous one with one exception. Waste

activated sludge would be pumped to flotation thickeners

located in the new sludge processing building. Here, the
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solids would be concentrated from 1.5% to U} {measured on
a dry-welght basis), reducing the capacity requirement for
sludge dewatering equipment. About 5500 1lb/day of sludge
solids would require dewatering. However, a larger sludge
processing building would be required under this
alternative te house the thickeners.

Sludge Stabilization and Dewatering Alternatives. . For

each of the three wastewater treatment alternatives, three sludge
stabiiization and dewatering alternatives were evaluated. The
alternatives considered were limited in number due to site
constraints (e.g., anaerobic digestion was ruled out due to space
limitations of the site). The existing method of stabilization,
aerobic digestion, was not considered due to the inereases in the
capacity of the plant and in estimated sludge production, which
would make its use uneconomical. The three alternatives
considered are as follows:

a. Lime Stabilization, Vacuum Filtration and Landfilling

Under this alternative, depicted schematically in
Figure 9-6, sludge and scum would be stored in the
existing sludge holding tanks, mixed with lime and
ferric chloride in conditioning tanks at a pH of 12 to
provide lime stabilization, and dewatered on vacuum
filters. The dewatered sludge would then be hauled to

" the Manomet Landfill for dispesal.
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b. Belt Filter Presses, Lime Stabilization and Landfill

Under this alternative, depicted schematically in
Figure 9-7, sludge and scum would be conditioned with
polymer in conditioning tanks and dewatered on belt
filter presses. The dewatered sludge would then be
stabilized with lime using the Roediger Process and
hauled to the Manomet Landfill for disposal.

¢, Belt Filter Presses Followed by Offsite Composting.

It was recomnended in the 208 Plan that composting be
considered for the stabilization and disposal of
Plymouth's sludge. Under this alternative, depicted
in FPigure 9-8, sludge and scum would be stored in the
existing sludge holding tanks, conditioned with
polymer in conditioning tanks, and dewatered on belt
filter presses, The dewatered sludge would be hauled
to the composting facility (assumed te be located at
the Manomet landfill). For cost estimating purposes
it has been assumed that all compost produced would be
disposed of at no cost to the Town through pickup by
users,

Construction of a New Plant to Serve North Plymouth

Serious consideration has been glven to abandoning the
existing WWTP site in North Plymouth and relocating the plant on

a new asite. This alternative would have the advantage of making

the existing site available for more appropriate uses. However,
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since the Town's sewers presently converge at the exlsting site,
it would be necessary to pump the wastewater to any nev site not
located along the waterfront.

Several potential wasfewater treatment plant sites have
been considered in Chapter 10. The analysis in this chapter is
1imited tc addressing treatment alternatives and their associated
costs.

Wastewater Treabtment Alternatives Considered. Three

alternatives for wastewater treatment were evaluated for use at a
new site. Two of these alternatives would provide secondary
treatment and the third primary treatment, The latter
alternative would only be considered in conjunction with land
disposal of the effluent. For all alternatives, a new septage
receiving facility consisting of covered, aerated holding tanks,
punping, screening, grit removal and odor control equipment would
be located at the plant site.

Alternative N-1. Activaled Sludge

Under this alternative, the flow pattern would be similar
to that shown in Figure §-2 exceptl that influent pumping
would not be necessary since the raw wastewater would De
entering the plant under pressure from a pump station
located at the existing plant site.

Alternative N-2. Rotating Biological Contactors

This alternative, depicted schematically in Figure 9-9, is

similar to Alternative N-1 except that RBC's are used Lo
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provide biological treatment rather than an activated
sludge system. Sixteen covered RBC units would be

required.

Alternative N-3. Primary Treatwent

Under this alternative, depilcted schematically in

Figure 9-10, screenings and grit would be removed from the
wastewater during preliminary treatment, settleable sclids
would be removed in the primary settling tanks, and the
effluent would be chlorinated prior to land disposal,
Biological treatment would not be provided, resulting in
lower capital and annual O&M costs than those associated
with Alternatives N-1 and N-2.

Sludge Stabilization Alternatives., For each of the two

secondary wastewater treatment alternatives (N-1 and N-2) two
sludge stabilization alternatives were evaluated. These
consisted of belt filter press dewatering with lime atabilization
and landfill disposal (the alternative determined to have the
lowest cost in the evaluation of modifications to the existing
plant site) and anaerobic digestiorn with belt filter press
dewatering and landfill disposal. These alternatives are shown
sehematically in Figure 9-11. In the case of the anaerobic
digestion alternative, two-stage digestion would be provided,
requiring two 50-foot diameter digesters equipped with mixing and
heating capabilities. In both cases, the dewatered sludge cake

would be hauled to the Manomet Landfill for disposal.
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Construction of a New Plant to Serve only Mancmet

Two basic schemes of servieing Section 1 of Manomet have
been proposged in Chapter 6. The design flows associabted with
these alternatives are 0.35 mgd and C.18 mgd, as developed in
Chapter T.

The 1976 report prepared by Metcalf & Eddy regarding
sewerage alternatives for Manomet concluded that conveylng
wastewater to a joint treatment facility serving both North
Plymouth and Manomet would not be cost-effective due to the b-
mile distance between the centers of the two service areas, The
subject of a joint plant was reexamined in a preliminary fashion
during this study and again determined not to be cost-effective.
A discussion of this subject is presented in Chapter 10.

Alternative wastewater treatment facility sites considered
for Manomet are discussed in Chapters 8 and 10. The analysis in
this chapter is limited to addressing treatment alternatives and
their associated costs,

Wastewater Treatment Alternatives. Three alternatives for

wastewater treatment were evaluated for Schemes 1 and 3 {0.35
mgd) and two for Schemes 2, 4, 5 and 6 (0.18 mgd).

Alternative M-1 (0.35 mgd). Extended Aeration

Under this alternative, the wastewater processes and flow
pattern would be similar to those of the existing WWTP in
North Plymouth (refer to Figure 3-2) except that influent
pumping would not be necessary as wastewater would reach

the plant via a force main.
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Alternative M-2 (0.35 mgd). Rotating Biological

Contactors.
This alternative is ident ical tc the one considered for
North Plymouth and shown achematically in Figure 9-8.

Alternatives M-3 (0.35 mgd) and M-5 (0.18 mgd). Aerated

Facultative Lagoons.

Under these alternatives, represented schematically in
Figure 9-~12, wastewater would be treated in lined aerated
pasins using diffused air. The basins would be
constructed to provide geries operation with a total
detention period of over 20 days. An effluent containing
would be produced,

about 50 mg/L of BQDS
Alternative M-8 (0.18 mgd). Package Plant

Under this alternative, a commercially-availablie,
prefabricated treatment plant utilizing the extended
aeration process would be purchased and installed. Such
units are normally economically feasible only for plants
having design flows under 0.2 mgd. The tankage is usually
constructed of steel. Advantages of package plants
inelude small land reguirements, low-cost installation,
and low sludge production. perobic sludge digestion would
be included as part of the package plant.

sludge Stabilization and¢ Dewatering Alternatives. For

each of the wastewater treatment alternatives except the aerated
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facultative lagoon alternatives, two sludge stabilization and
dewatering alternatives have been considered. These consisted of
aerobic digestion with sludge drying beds and trucking of liquid
unstabilized sludge to the North Plymouth WWTP. Under the latter
alternative, the sludge would be dewatered and stabilized with
the North Plymouth sludge.

Design Criteria

Design criteria used to asize tankage and equipment in
evaluating process alternatives are presented in Table G-1.

Present Worth Cost Comparisons of Alternatives

The present worth gomparison is a numerical method used to
evaluate alternatives with differing capital and 0&M costs. The
cash flow for an alternative which is high in capital cost and
low in annual O0&M costs is different from the ecash flow for a low
capital, high 0&M cost alternative. The present worth analysis
treats 0&M costs as equivalent capital costs. These coats may
then be added together and the totals compared. The alternative
with the lowest present worth cost, represenbting the optimunm
combination of capital and O&M costs, is then identified. As
previously stated, the lowest cost alternative 1is selected when
it also is shown to provide high reliability, is operationally
manageable, and does not impact unfavorably on the environment.
Wnen these criteria are met, the least cost alternative can also
be considered to be "cost effective.™

Fvaluation of Costs. The cost evaluations in this chapter

only present comparisons of costs for alternative wastewater
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TABLE 9-1. DESIGN CRITERIA FOR PROCESS

ALTERNATIVES

Process Item

Design Value

CDB-~7018R00309b

Aerated grit chambers
Detention period at peak flow
Air supply range

Primary settling tanks (with WAS recycle)
overfliow rate at peak flow

Aeration tanks--extended aeration
Organic loading, average

F:HLV3S

feration tanks--conventional activated sludge
Organic loadings, average

F:MLVSS

RBCs
Organic loading
Hydraulic loading

Secondary settling tanks--extended aeration
Overflow rate at peak flow

Secondary settling tanks--conventional activated

Overflow rate at peak flow
Solids loading rate at peak flow

Secondary settling tanks, RBCs
Overflow rate at peak flow

pAerated facultative lagoons
Removal rate aonstant
Detention time

Chlorine contact tank

Ocean disposal (peak flow}
L, and disposal (peak flow)

Flotation thickeners
Loading rate
Operation time

Plymouth 9-48

BB: fpe

> 3 min.
T.S‘*M-S Cfm/l.f.

< 1500 gpd/sf

< 12 1b BODsy
™ 1000 cu f?

0.1 1b BODS/1D
MLVSS

< 50 1b BObDgy
1000 cu f?
0.25 to 0.35 1b
BOD5/1b MLVSS

< 2 1b soluble

BOD/ 1000 af
< 2.5 gpd/sf
£ B0O gpd/sf
sludge

£ 1200 gpd/sf
< 5 lb/sf/day

< 1500 gpd/sf

0,14 days-1
21 days

30 min
15 min

< 1.5 1b/sf/hr
35 hours/week

03/08/84




TABLE 9-1 {Continued). DESIGN CRITERIA FOR PROCESS ALTERNATIVES

Process Item

Design Value

Belt filter presses
Loading rate--primary and WAS

Loading rate--WAS only
Loading rate--extended aeration
Operation time

Vacuum filters
Loading rate--primary and WAS
Loading rate--WAS only
Operation time

Drying beds (wedgewire)
Average dry solids loading

ferobic digesters
Solids retention time, average

Anaerobic digesters
Volatile solids/loading
Solids retention time

Composting
Ratio of sludge to woodchips by volume
Woodchip recovery rate

Sludge-only landfilling
Bulking ratioc by volume

< 600 1lb/hr/meter
< B0O 1b/hr/meter
T 300 1b/hr/meter
30-35 hours week

3.5 1ib/hr/sf
2.5 1b/hr/sf
30-35 hours/week

1-1.5 1b/sf/day

> 15 days

0.10 1lb/cu ft/day
> 15 days

1:3.3
60 percent
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treatment processes. Total system sost evaluations including
costs of WWTP sites, delivery systems, effluent pumping and
disposal are presented in Chapter 10. The evaluation of costs
for purposes of alternative comparison has been done in
accordance with Appendix A of the Construction Grants
Regulations, 4o CFR 35. The following factors have been used;

1. Interest Rate. The interest rate used for the

analysls is 7-7/8 percent, the rate established in the
ngtapdards for Planning Water and Related Land
Resources" of the Water Resources Council for fiscal
year 1983.

2. Salvage Value., The salvage value of the treatment

works is calculated using the service life criteria
established in the Construction Grants Regulations,
that is, structures - 50 years, process equipment - 20
years, auxiliary equipment - 10 years. Straightline
depreciation 1s used, assuming 2ero salvage value at
the end of the service iife. Replacement of auxiliary
equipment is included in the materials and supplies
under 0&M costs.

3, Interest During Construction. The interest during

construction is the interest cost accrued on the funds
paid to the contractor over the period of construc-
tion. Interest during construction represents
interest which the Town must pay on short-term

investments over the construction period, because it
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requires cash for payment to the contractor while

awaiting grant monies. While there is significant
variation in the pattern of payments to a contractor,
the average interest period 1is assumed to be one-half
of the construction period.
For purposes of alternative comparison, a construction
period of two years is assumed, along with an interest
rate of 7-7/8 percent.

y. Cost Index. All costs have been calculated using an
ENR index value of 4000, which was the average value
for Februaﬁy 1983,

5. Operation and Maintenance Costs. Annual 0&M costs for

design year (2007) flows and Joadings have been
differentiated into the following components: energy,
chemicals, materials and supplies, and labor. The
unit prices used in the caleculation of the 0&M costs
are shown in Table 9-2 and are 1983 prices.

6. Land., Each piece of land considered for use in this
study was given individual consideration as to its
vyalue. The Town Assessor was consulted to obtain
reasonably accurate evaluations for eacn site. The
following summarizes the land values used:

Waterfront near Plymouth WPCP - $300,000/acre
Waterfront in Cordage Park and Manomet - $65,000-
$80,000/acre

Other land -~ $1,000-§44,000/acre.
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TABLE 9-2. OPERATION AND MAINTENANCE COSTS - UNIT PRICES

Ttem Unit Price
Labor $11.70/hour
Power $0.065/kwh
Lime (as Ca0) $100/ton
Ferric Chlorilde $0.20/1b
Folymer $2.00/1b
Chlorine $300/ton
Sodium hypochleorite $.40/1b Clp
Wood chips , $6/cu. yd.

¥ Including fringe benelits and taxes.
For salvage value calculation, land has been assumed
to appreciate at a rate of 3 percent per year.

7. Engineering and Contingencies. A factor of 30 percent

has been added to the subtotal of capital costs for
sach alternative to account for engineering costs
during design and construction plus construction
contingencies.

Costs to Expand'Existing North Plymouth WWTP. Costs have

been developed for each of the wastewater treatment alternatives
in combination with each of the three sludge stabilization and

dewatering alternatives considered. Estimated capital, annual

D&M, and present worth costs are presented in Tables 9-3, g-4,

and 9-5 respectively.
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TABLE 04, COMPARISON OF ESTIMATED OFM COSTS FOR EXPANDYHG EXISTING BORTH PLYHOUTH WWTP
TO 4.0 HGB CAPACITY

Alrernnt fve -1 Alternatlve P07 AlternatIve P-3 Activanred aludge
Pripary and aciivated sludpe Activated sludge nlene vith flointion thickening Alternat. Pg
F-le P-1ib P-lc P-2a retn r-2c Fola P35 -3¢ fane o P-%h
lime stab,,  belt filter belt file- Iime gtab., belt [[lter #elr fiizg~ Ume stab., belt (flver helt THe- exeepy sludge
vARCUUm press, line €T press, vacuum prens, 1lee pr press, vacuusm press, lime ar preany handliag
filters, weadb,, lend-  offpits filters, otab. . iand- offaite Tilters, stah,, land- 6ffsite building #n
Landfill fL3Y dis- componi ~ Jandffll i1 «in- compont.— landfi1l 111 dip- compoat-  located gt
Item dikpoaal poaal ing dfsposal gonal L_Ing dippoanl poazl ing Cordnge Park
Energy
Prver § 84, 6On $ B, 500 § 86,900 $ 99,400 § 95,200 § 99,500 §i05,700 $102,390 §105,000 5 96, 200
Roturel Gas 29, cog 20,000 18, onp 24,000 20,0040 18, 006 7 23,000 3 i
! . 5,000 25,000 3, 28, 00
) Forl-nludge diapomnit 3,400 3,100 3,006 3,009 7,00 2,506 2,300 2, 200 2,200 ;-:990
'Chcmicais
Chlarine 9,200 9,200 9,280 4,260 9,700 9,200 9 9,200
: : ' 2 %, 200
Lime 33, 000 50, 500 9 13, 500 27,0 0 18,500 22 900 T w5
Ferric chlorlde 33,200 G [} 1%, 600 B P iElS(}O ' ° o P
Polymer G 33,600 33,600 . o 20,400 20,400 4 0 37,200 37,200 20, 406
Hood Thips o 0 115,200 1} 0 87,400 oy e 69,600 [}
Haterfals and suppifes
Sludpre dinpasnlt 63,300 54,000 33,500 51,200 41,500 22,000 23,100 43,5
&b, 5 2z, 37,100 32,800 ' +300
Dther 53, 9060 56,200 53,300 50,400 52,700 50,400 50 490 53, 200 50,400 52,700
Labor
Sludpe dimpoanl® 5,700 32,800 80,500 35,800 27,800 55,300 z 33,800 27,800
N 5,500 2%, 900 ' .
Othes 112,800 72,700 152,408 156,960 155,400 138,200 172, 890 172,000 L3400 156,400
innual WWTP 08K Cost $510,000 §513,200 5596, 200 4461, 000 S453,900 $502,800 $465,800 $485, 300 $515,900 8454 600

Offaite corts asnocinled with siugge et fng, Jangfilling and compost ing.
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TABLE 9-%, COMPARLSOH OF ESTIHMATED PRESLED WOURII €onrs FOR ESPANDING EXISTLHG RORTH P LYHOUTH WA
TO 4.9 HLb CAUACTTY
(A1S costs In thousands of dallars)

AMrernatlve P-§ Aleernas lve P-2 Atternal lve P=3 activated shindpe
Trimayy and acclvated sludpe Activited stadye alone aimne with flotatton thickening Alternat. P-4
P-1a 1'-1b Ir-lc ¥-2a -2 r-2c P- i I'-3b I~ 3¢ S as =2b
Yme stab., bhelt [llter Pott File- lime staf., lebl tifter belo (lic- time stab., hett T01ter belt fllo- except ahslpge
vacuum preas, bime of preas, wasHnwm proess, e er press, Viacuula proas, llee ve press,  hasdiing
flitera, stab., faed- vflsite filerrs, stab., land- offuice filiers, gtab., Yand- oll:lte bullding is
Tandf i}l 11} dia~ comppat ~ Lamdf P31 TilE dln- cempost- famll 11} Cill <diu- comInst— located ol
) Liem dfuposai posal fuy diponnd jsal o disposal pusil sty {ordape Park
WIP capital cost $1G,065 510,031 $10,903 $ 0,574 § B, 404 § 8,8 510,218 $ 9,912 $10, 3484 $ 0,114
tand acquialtion
Studge bullding 0 o a Q 0 Q G 0 33
Siulge dispesn) site* a (i} [ i} i [} i} 1] a9 4]
Intervent during
consiructlan 191 190 827 675 wh &99 BGS 781 818 686
oW, of annual WHIT
Ohl cast 3,062 3.086 5,908 & .50 &, 508 4,941 4,016 4, B9 5,311 4,505
Lesa P.H. of salvage value
WP -488 -47Th ~512 ~414 - 136 L34 ~303 -h1% ~521 =356
Siudge boilding lamd 6] Q0 ¢ O 0 [ Q 1] [ -11
Siudge dispesal mite
land . i) 1] G 0 i [H [¢] 0 [ [+
Total present worth 515,432 §1%,433 16,726 513,404 511,168 $14,126 $15,104 $t5,023 514,992 $13,529
Aanualized cost 5 1,557 $ 1,557 $ 1,088 $ 1,152 51,39 $ 1,425 $ 1,527 31,516 $ 1,074 § 1,365

wassumlng composting audfor sludge dispusal at the Hanawmet Land€ill.




From the tables, it can be seen that Alternative P-2b,
activated sludge alone with belt filter press dewatering, lime
stabilization and landfill disposal of siudge shows the lowest
capital, 0&M, and present worth costs of the above nine
alternatives. Costs for a tenth alternative (p-k), identical to
Alternative P-2b but with the sludge processing bulding located
remotely at Cordage Park, were also estimated and presented in
Tables 9~3, 4, and 5 and to assess the impact of retaining the
major portion of the 1ot adjacent Lo the WWTP as a parking lot
for use by bcean Spray Cranberries. The costs of Alternative p-4
are higher than P-2b due to the additional piping and pumping
required for sludge conveyance. This alternative is not
recommended because certain of the facilities to be included in
the sludge processing building (i.e., the new laboratory and
office) are best located at the WWIP site.

Costs to Construct a New Plant to Sepve North Plymouth.

costs have been developed for wastewater treatment alternatives
N-1 and N-2 in combination with each of the sludge stabilization
alternatives., Costs have also been developed for waatewater
Alternative N-3 in combination with the sludge stabilization
alternative determined to have the lowest cost in earlier
evaluations. Estimated capital, annual 0&M and present worth

costs are presented in Table 9-6, 9-7, and 9-8, respectively.
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TABLE 9-7.

Alternat fve H-1
Activated uludge

H-ia
belt filter
press, line

stalilizatton

and dnodfiil

-ib

aaserobic
dipeation

with belt filter
presg and land-

Ttem disposal f111 «lisposal
Energy

Pover $ $1,290 $ 51,500

Fuel oll-heating 20,060 11, GO0

Fuel=slulge ”

disposal#* 3,160 2,690
Chemicals

Chdorine 4,200 9,290

[l 45,500 a

Ferric chlarfde 1 [}

Polymer 24, GOt 24,0060
Materiala and supplies

Sludge dlsposal® 64, 700 Atk 7400

Othoy 416,300 47,260
Labor

Sludge disposat™ 37,100 24,100

otver {50,890 164,500
Annunt WHTP O&H cont $;'¢f)0,5'0{) '$385 , 80D

TR tvrnat bee W3

TH-Za

el fib-

$ 37,200
20,060

3,00

9,200
05, 500

(]
4,000

[T
30, 640

37,100
156,400

$405 400

H- 2%

st rebhic diges-
rion with belt
fliter pross angd
Landfitl st lnpopat

§ 37,500
18,000

2,600
9,200
0

a
25, B0

40,700
40,560

28,100
160,100

$360, 200

COMPARISON OF ESTIMATED AWNHAYL 00.H COSTS FOR NEY 4,0 MGD WHTT FOR BORTH PEYTHENE

T ANlernat tve
't lmary t

tment {1onsd disponal)

et fiicer press,
Fime ntabllizabion,

aud Tacbf131
Jisposal

$ 29,140
20,001

1,500

4]
19,200
1}

12,000

4z, 700
26,700

26,990
123,400

531,700

FOLTalle costn nanaciaited with siodge hauling to Hanowet Lamdfil) Asmumlng plant
and R.I, Site A for Alternative N-3.

“YhesiTon af Tewn Troor site for Aliceoatives H-1 ond H-Z




T

TARLE - COMPARISON OF CSTIHATER PRESERT WORTH CUNTS FUR HEM 4.G-HOD WHTE FOR NORTH PLYMDUTH

(AJE vozta {n thowsands of ol lars}

Alternat bve N-t Attt fve H-2 Mtermat lve A-3
Act ivated sludpe T Prlaviey breatmng {fawml disposal)
H-ta Hell H-Za H-2h fielt Tilter press,
helt fliter auvaerobic di- belt {ite- A rol e bipest fon flae stabilization
jrEess, lme pestion with o7 press with Bbett {§lier aml landfill
stabllfzal fon bele fllter Lime stab. press and landf i3} disponal
and landfiil press and jandfiil ol land§ §1E disposal
disposal disposal dfiuposal
WHTP capital cost §10,759 §$12,462 1,51 $11, 118 § 6,969
Land agqulsition
WHTP ) [ A A hiy 15
Sludge disposnd 0 0 il 1] 0
Interess surlng can-
atruetion B4} 981 ¥ 1,440 SAG
P, of annual guTr
04K conta h¢364 3,821 LA HL] 3,575 3,004
Less F.H, of salvage valve
WWTR ) -453 -551 ~519 ~636 -346
WHTE  iand -17 ~17 -1t -7 -6
Sludpe dlsposal lans Y o o ] 0
Totn} present wnrth $15, 744 §16,24] 515,924 517,228 §1G,272
Annuslized coat of N
tatal presest voril $ 1,509 31,089 5 1,067 51,18 s 1,036

1. Assuming WHTP loention at Town Brook slte Sor altermatives H-f amd 8-2 and a0 Kol Shte A Tor Alternative H-3.
2. Assuming .cnpostlag nnd/or sludge dinposal ut the Hanomet landfill.



It can be seen from the tables that Alternative N-3

{primary treatment) has the lowest costs, as would be expected.
However, the costs for this treatment alternative cannot be
directly compared with those of secondary treatment alternatives
as the disposal costs associated with primary versus secondary
tpeatment must also be taken into account, This is done in
Chapter 10,

Among the secondary treatment alternatives, Alternative N-
1a (activated sludge with helt filter press dewatering of sludge)
has estimated costs slightly lower than those of Alternative HN-2a
{RBCs}.

Costs to Construct a New Plant to Serve only Manomeb .

Estimated costs for the wastewater tpeatment and sludge
stabilization alternatives considered for a new Manomet treatment
facility are presented in Tables 9-9, 9-10, and 9-11. The
present worth costs of Alternatives HM-3 and M-5 (aerated lagoons)
are estimated to be less than those of the other alternatives
considered. Although these alternatives will not produce
effluent of quite the same quality as the other alternatives, no
significant disadvantages of these alternatives with respect to
the other alternatives are foreseen, assuming land disposal is
selected for Manometl.

Alternative Disinfection Methods

Chlorination has been presented as the method of

disinfection in all of the preceding cost analyses. This has

been done because this is the method presently used in Plymouth,
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TANLE 9-9.  COHPAR ST OF 2STIHATEI CAPETAL 4

Schemes | oan] V0 - Awedage Flow = 3039w

ESOFOR MAROHEY VASTEHAILR TAEATHENT

Sfhines T, 5, % amd h
Average Flow = D18 mpd

ATternative H-1 A Gernasive # Al ernas Alvernalive K4 Altarna-
Extrnded avzation L . tlve H-} Farkage plant Eiwe MY
H-ia X-ih N-ia H-n Avreatasl H-aa H-ia Aerated
{with sbey=  {wlth aluige fwith ley-  {wlth clulpr tacullal tvr {uith dry~  (with aluige faceltatbve
ing hede}  haulwl to Log bedad  hasital o Lagnnn Ing badr)  hmalet ta ¥, tagaana
Structure Ko Fiymauth) He ¥Flyooarhy Physowth
FrellofnsTy trnaioent H 15,000 $ . ld,o0n f PR ] b SR 13 oL | $ S0, 000 H S0, 5 M3 HHI
Primary clavdfirra ani - - LS Jro, ey - - - -
primary alnfpe punplng
Ketatinn tants with $18, 000 $14,1480 - - - - -
sechanical seratora
RAC'® - - 325,400 R ENIET - - - -
Secombary ciariflers with
aludpr pusping 295,060 45,600 0y, 600 760,10 - - - -
Ehlocination rquiparal 7,000 7.000 Foom ENTT 7.000 - - 1,060
€hlorine coptact taskh 18,000 1000 P AT ARG W, 000 - - 23,000
Acroklc digraters with
blinwrrs Lo, D0C - M2, - - - - -
Sludge bolding tenks - 84,000 - [ATLY - - - -
Slulye drylng beds BG, 00U - 140,100 - 50,000 - -
Opreations bullding 150, (80 150,000 150,003 550, 0000 LOG, U0 75,000 Is, 008 3,000
Tiuvcks 90, D I ¢, 0Q0 50, £ Fer dHilh 1a,000 10,000 [LLRLEH 0,000
Package trearment plantéed - - - - L9200 191,000 -
Arzated (acultatlve lagonns
with A flunrs alr - - - 35,000 - - 195,000
Subratal ST, 390,000 €1, 380,008 31,630,000 51,HT, T30, 00 5377 ,000 $377 060 $330, 70N
Sttruntk snl Plping 119,400 L18, 000 1k, 000 [BERUTH $2,006 19,008 55,000 14,0603
Fiectrical & inatrumenat ton 168 ,nan 43,000 191 enry [RORET B1,000 17,004 77,000 &%, 000
General & Special
conditions 102,469 Hh, N IR0 L1 18, uan 27 aoi 11,064 13,000
Subirorsl §1,799 Q00 1,527,000 £2,10%,000 S,601 000 $ uX3y, v 5 LBS, 0 § 4l1y,00n § 40,000
Inginrcelng & Contlngencicn S Shin, 0D A58, B 13) 3, EHHS L0 R _m 135,600 o A9,um0 §32,000
Total WWIP Laptéal Fosc $2, 30 ST, UBS M) §F, 75,00 5 0%, 0 $ 630,00 $ 560,000 5 %77,000

[N EERTT

Aansualng 1% aln, d.4, at prak flow,
+*bganr ot wl alditionsl sboalge Svoatarbag wpdprent a0 N
S bpne ol g ehberna Lo eqod pocat b soatact bantage.
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TARLE 9-10. COMPARTSON OF ESTIMATED ANNHAL v4K CHSTS FOR HANGHET WASTEMATER TREATHENY

Average Flaw = 0,13 rad Average Flaw ~ O 8R mpd
Aternative H-1 Alternatbve H-2 Altorsa~ Alterantive -4 Alterun-
Fxtended neration IRAG ' 5 tive H-3 Pagkajpe plant tive H-5%
H-la H-1b H-2n H- b Avenbed H-da H-fin Avrated
(ulch dry— (with alwdge  (with dry- (with sladpe  facultatfve § {with dey- (with olwdge  facultative
fng beda} hasked to Ing beds) banlal ta 1agnona isg bedn) Tnuled to W, tagoonn
1ten N. Plymowth) Hy Plymouth} Plymoutl}
~0
Energy
[T
o Power 529,500 £29,500 $ 900 & 9,20 $t7,600 $12, 100 512,860 § 9,100
Fuel oll~heating 2,000 2,000 2,000 7, 0iH} 2,004 1,06060 1,060 1,000
Fuci - slwlge haolianps 16:4) 1,800 200 Z, 000 it ta piie] 1}
Cliemlcatadh 1,800 5,100 I, RO 111,000 1,800 a0 2,500 a0
Haterfata b nuppifea
Hagtewater Lreittnent 15,54 15,0606 14, 50 1%, 200 4 R0 9,200 G, 200 3,900
Sledpe managenens® 50 500 fner L, 0m 1l 0 o0 11
Labor
Wsntawnter freatment 25,200 22,900 pLOA i H 25,0160 22,129 §6,900 13,30 1%, B01
Sludge managementd §,200 10,300 2,308 T4, 500 1] R0 £,900 IH
Annunl WSTP 04K cont $74 ,831) $86,200 §54, 700 REANEHY 540,400 sht, 060 $4R, 700 $29,701}

O{inlte conlh anmaming slulpe basled to Borth Plysouch weuld sie Tiee stabilbzel and fandifbied (o the Nutomet fandE111, while siudge drled on drytng

heds In Hanonet would he hauntal direcely to the Hapoaet dand(1i1.
aeCoat tnelodes chemicaly uned 2o dewater sludge ab Hartle Plysondls ST¥ tee Altersat lven H-1b, H-20 and H-ib.
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TARLE 9-1). COM{ARISUN OF ESTIHATED FRESERT HORTY LOsTs

FOR MAHNSET MASTEMATER THREATHERT

Avotagu Flow = (1% mpl

Average Fiow = 0, 1 mgd

A ternative H-) Al ternative H-2 T Al Terpa- Ajleraative H-4 Alternn-
Extended aeration G s . thwo MY | IFncknge plaat tive H-3
H-1a H-1b M-Za M=Ti Avrated M~fa H-fa Avrated
(with dry-  (wlth sludge {wEth dry-  (with slalpe Jaculeatlve (with dry-  (with shwije faeabtative
tag heds) lauled to Loy bedn) hanial to taponas 1o bheds) hawiad to i ¥ agoonn
Tten H. I'tymouth) K. Plymosth} #lymouch}
WHIP capliai cant 52,339,000 55,985,000 52,742,000 §3,172, 000 $ H75,1HHI § H30,000 S 968,000 $ 512,00H)
WWTP 1and scquisltion® 7,008 1,000 7,000 7. H, K 7,000 7,408 21,000
Tuterest during ropstructlon tR4, 080 54,600 286,400 [RANREL] 6%, 0 a0k, 006 e 1 45,000
P4, of anncal WWTF O8H cont 7az,000 #55,000 %47 ,000 78,000 40,000 412,30 413,000 234,000
Lena 7.4, of WP aabvage
vatue 123,500 -106,700 -1540 000 ~£203,600 &%, B0 A ~22,9400 ~2%, 30
Lesa .M. of WWIP land aalvape
vniste 3 HUG -2, 84D =2, 1610 -2 B -, BUG -2,800 ~2,800 B, 400
Total promest workh $7, 146,000 62,894,000 $3,3%,000 $2,910, 000 53,401,600 | 5,060,500 SE,068,908 $094,000
Annual lzed cant 5 157,060 $ 292,000  § 138,000 $ o0, s0h 5 14t 000 $ 198,000 5 108,000 $ 90,000

“Annuming 2-ncre WHTP slte Tor ALl alteruntiveds cxcopt H-3 anmd Heh; apnuntog R-acce WHTE alte for H-3 msl h-acre WTE slte for H-5.



and numerical modeling of the effects of chlorinated effluent on

the receiving waters at the various alternative discharge
locations has not predicted any serious adverse effects, as
discussed in Appendix B.

At the request of the DEQE we have examined in preliminary
fashion the costs of an alternative method of disinfection at the
expanded Plymouth WWTP. The methods which have been suggested
for.Plymouth include ultraviolet radiation (UV), gamma radiation,
and czonation.

UV and gamma radiation cannot be considered seriously
because of tne experimental nature of these processes and high
cost. Canma radiation is not used as an effluent disinfectant
anywhere in Horth America. UV has been used syccessafully
elsewhere as an effluent disinfectant. However, the potential of
photoreactivation of bacteria has important implications where
shelllish resources are at issue, as they are in Plymoulh
Harbor. Thus, research would be required to address this
problem. Also, the costs of ingtalling a UV disinfection systenm
nave been estimated recently for a simllar facility in Scituate,
Massachusetts and were high relative to a system including both
chlorination and dechlorination.

An ozone disinfection system could be given serious
consideration as a substitute for chlorination at the Plymouth
WWTP. The contact tank required for ozone disinfection would
only be half the size of the tank required for chlorination (15

minutes versus 30 minutes at peak flow). However, a large amount
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of new building space would be required to house the ozone
generators, ozone destruct unit, air compressors, air dryer,
cooling water pumps, and electrical equipment required. The
Seituate study, which included a detailed cost evaluation of
ozone disinfection, indicated that a 32' x 6t buillding was
required for that plant {which has only a quarter the design
capacity of the expanded Plymouth WWTP). The cost of that
building and ozone equipment was estimated to be $680,000, and a
higher cost would be expected in the case of Plymouth. On the
other hand, in Plymouth, the existing chlorinator room and scale
room could be utilized if chlorination is continued in the
future. Thus, capital costs would be higher for ozone

disinfection as follows:

Ozone Chlorine

Disinfection Disinfecticn
Contact tank 3 442,000 $759,000
Building and equipment 680,000+ 109,000
$1,102,000+ §858,000

Furthermore, operating costs for ozone are also higher
than for chlorine. Assuming that a 5 mg/L dosage of chlorine and
a 5 mg/L dosage of ozone would be required, with a power
requirement of 11 kwh per pound of ozane generated (using an air
ozone generator), the power cost of ozone generation would be
$43,000 per year versus $9200 per year for purchasing ehlorine,
Labor aosts would also be expected to be higher for ozone
disinfection than chlorine disinfection due to the more complex

nature of the process.
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In view of the fact that both capital and annual 0&H costs

for ozone disinfection would be higher than for chlorine
disinfection, and considering the fact that no serious adverse
effects are expected if chlorine disinfection is continued,
chlorination is clearly the most cost-effective means of

diéinfection for Plymouth,

Summarx

Alternative treatment processes have been reviewed, and
the lowest cost wastewater treatment alternatives have been
identified in this chapter, However, to judge the true cost-
effectiveness of these alternatives, simultaneous consideration
must also be given to treatment plant site locations and disposal

alternatives. This subject is addressed in Chapter 10,
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CHAPTER 10

WASTEWATER TREATMENT FACILITY SITE ALTERNATIVES
AND COSTS

General

The process used to identify alternative land disposal
sites was discussed in Chapter 6 and Appendix D, alternative
outfall locations were discussed in Chapter 8 and Appendix B, and
treatment process al;ernati#es were evaluated in Chapter 9. This
chapter presents an evaluation of treatment and disposal at
alternative sites in North Plymouth and Manometb,

Preliminary Screening of Sites

Because of the limited expansion area available at the
existing WWTP (shown in Figure g-1}, alternatives incorporating 4
relocated WWTP were considered, From'past experience, it was
determined that about 11 acres would be desirable for a 4-mgd
secondary treatment plant, 5 acres for a Y.mgd primary treatment
plant, about 3 acres for a 0.5-mgd aerated facultative lagoon
facility to serve Manomet, and about 15 acres for a U.5-mgd
secondary treatment plant to serve poth North Plymouth and
Manomet. Early in the study, a U3GS topographic map of Plymouth
was reviewed to identify parcels of Cpeén land located in the
proximity of the wastewater collection systems being considered
for both North Plymouth and Manomet, and near the proposed
ultimate discharge points as well to minimize the amount of
piping and pumping required, In North Plymouth, few sites of
sufficient area remain undeveloped. Sites identified are shown
in Figure 10-1.
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After it was determined that the most cost-effective and
environmentally-acceptable outfall alternative would probably
involve the extension of the existing outfall (see Chapter 8),
three alternative treatment plant sites located within a
reasopable distance from the outfall were selected for cost
evaluations. These sites have been designated Town Brook
{Stafford Street), Liberty Street and Cordage Park in
Figure 10-1. A fourth site, located within the boundaries of
Rapid Infiltration Site A, was also selected for evaluation as a
primary treatment plant site to be used in conjunction with land
disposal.,

In the case of Manomet, where the land regquirement for
treatment is small and there is no existing disposal location,
the selection of treatment facility location alternatives for
further study was simplified. For the land disposal
alternatives, it was assumed that the treatment lagoons would be
located at the disposal sites (to eliminate the need for pumping
tpreated effluent to the disposal basins). In the case of ocean
disposal alternative, a site convenient to both the service area
and proposed outfall location and high enough to discharge to the
ocean by gravity was desired. In the latter case, a site
ad jacent to Boston Edison's Pilgrim Nuclear Power Station was
attractive, but had to be eliminated from consideration when
Boston Edison informed us that the site was in the station's

exclusion zone {see correspondence in Appendix K}, Therefore, a
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site within the station's buffer zone along the Edison Aoccess

Road was selected for further study.

Existing North Plymouth WWTP Site

Because the analysis in Chapter 9 concluded that estimated
costs for expanding the existing WHWTP to 4 mgd are less than
those for constructing a new U mgd secondary WWTP, several
disposal alternatives were considered in conjunction with the
gontinued use of the existing WWTP site, as follows:

1. Qcean disposal

| a. using the existing outfall as modified only by the

addition of a diffuser at the end
b, extending the existing outfall to Location 1
(Goose Point Channel)
c. extending the existing outfall to Location 2
(Harbor Entrance)
2. Land disposal
a, at Rapid Infiltration Site A (Russell Mill Road)
b. at Rapid Infiltration Site DD (County Farm)
3, Qcean disposal of 1,75 mgd using the existing outfall
without extension and land disposal of 2.25 mgd at
Rapid Infiltration Site A.
Additional discharge alternatives were considered but eliminated
before undergoing detailed evaluation, as discussed in Chapter 8.
Under any alternative which includes a discharge to

shellfish waters (all ocean discharge alternatives in Plymouth),

the DEQE will require that and effluent holding tank be
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constructed, The major purpose of the tank would be to allow
sufficient time to warn shellfishermen of any temporary closures
resulting from a major plant failure, It is expected that this
tank would be used no more than a few times a year during
emergencies, when 1t would provide storage capacity for seven
hours' wastewater flow (under average conditions), or roughly the
equivalent of half a tidal ecycle. For the proposed piant
expansion, then, a volume of about 1.2 million gallions would be
required. This tank would thus occupy a large space on the site
and represent a significant cost. The tank would receive
effluent from either the final settling tanks on the chlorine
contact tanks, would not be equipped with mixing or sludge
eollection eguipment, and would be designed to drain by gravity

to the wet well at the head of the plant,

Under any of the three alternatives which include a
discharge of all the treated fleow through the existing 30-inch
outfall, whether or not it is extended, an effluent pumping
station would be required to discharge the peai flow rate during
the highest tide level in Plymoutn Harbor. Gravity discharge
will generally occur except during periods when all the influent
pumps are operating and/or the tide is high,

Under the two land disposal alternatives, effluent from
the expanded WWTP would be pumped via a 30-inch force main to the
land disposal site (see Figures 10-2 and 16-3). Table 10-1
summarizes the pumping distances and nheads assoclated with

conveying tne effluent to each alternative site. A high head
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TABLE 10-1. PUMPING DISTANCES AND HEADS ASSOCIATED
WITH LAND DISPOSAL OF SECONDARY EFFLUENT FROM
EXPANDED WWTP

Site A Site DD
Russell Mill Road (County Farm)
Transmission distance
from existing WWTP, ft. 19,000 14,000
Total pumping head at
peak flow, (9.5 mgd), ft. 185 176

(series) effluent pumping station would have to be constructed at
the WWTP for either alternative,

Under these two alternatives no flow equalization tank
would be required, and no chlorine contact tank would be needed
since the required 15 minutes of detention time at peak flow
would be provided in the force main conveying the effluent to the
disposal site. It is also conceivable that the disinfection
requirement might be waived by the DEQE if land disposal is
selected (determinations are made on a case-by-case basis).

An alternative was considered utilizing the WWTP's
permitted 1.75-mgd discharge allocation and pumping the remaining
flow to Rapid Infiltration Site A. Under this alternative,
requirements would exist for a smaller effluent holding tank, a
chlorine contact tank, a high-head effluent pump station and
force main, and rapid infiltration basina. This alternative also
has the disadvantage of impacting upon both marine water and

groundwater resources,
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New Sites to Serve North Plymouth

The three alternative sites for new secondary treatment
plants serving North Plymouth are shown in Figure 10-U along with
piping configurations necessary to convey the raw wastewater to
each site from the existing WWTP site and return it to the
outfall, Table 10-2 summarizes the pumping distances and heads
associated with conveying wastewater to and from each site.

TABLE 10-2. PUMPING DISTANCES AND HEADS ASSOCIATED

WITH ALTERNATIVE SECONDARY WWTP SITES TO SERVE
NORTR PLYMOUTH

Town Brook Liberty St. Cordage Park

Site Site Site

Transmission distance from

existing WWTP, ft. 7,500 6,500 9,000
Total raw wastewater

pumping head at peak

flow (9.5 mgd), ft. 250 225 100
Total effluent pumping

head at peak flow

(9.5 mgd}, ft. 0 40 100

Each of the three sites has its own advantages and

disadvantages, as follows:

1. Both the Cordage Park Site and the Liberty Street Site
would require effluent pump stations to return treated
effluent to the harbor through the existing outfall.
The Town Brook site is located high enough to permit

gravity flow to the harbor,.
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Both the Town Brook and Liberty Street sites would

require the construction of a high head (series)
pumping station at the existing WWTP site to transmit
raw wastewater to the sites without intermediate
pumping. A conventional pumping station would be
adeguate to deliver wastewater to the Cordage Park
site.

Use of either the Town Brook or Liberty Street sites
would permit the construction of a lower cost effluent
hoiding tank than either the Cordage Park site or the
existing WWTP site due to less adverse site
conditions.

Adoption of the Cordage Park WWTP site would result in
the elimination of the need for a small pump station
at Hedge Road (see Figure 6-9) and reduce the delivery

system costs given in Tables 6-2 and 6-3.

All tnree sites offer the following advantages over the

existing WWTP site:

1.

They could take advantage of reduced chlorine contact
tank volume due to the detention time available in the

land outfall piping,

2, Their use would permit the demolition of the existing
WWTP and free most of the existing WWTP site for
other, more appropriate, uses,.
3. Their selection would assure the future expandability
ef the WWIP, The present WWTP site cannot be easily
CDB-7018BR00310a Plymouth 10-11 BB:fpe 03/08/84




expanded to handle the projected ultimate average flow
rate of 7.9 mgd {(which could occur in the future if
the proposed sewer service area is fully developed in
accordance with existing zoning).

The feasibility of constructing a new primary treatment
plant at Rapid Infiltration Site A was also investigated. Under
this alternative, raw wastewater would be pumped to Site A via a
19,000-foot long, 24-inch diameter force main, as shown in Figure
10~5. The total pumping head would be 250 feet at peak flow,
necessitating series pumping. Under this alternative, a larger
area of rapid infiltration basins would be required than for the
disposal of secondary effluent, as discussed in Appendix D.

Cost Analysis for North Plymoutn Sites

A present worth cost analysis has been prepared to
evaluate comparative costs of eaeh treatment and disposal
alternative, in accordance with the assumptions given in Chapter
9. Estimated capital, annual 0&M, and present worth costs are
presented in Tables 10-3, 10-4, and 10-5, respectively. It
should be noted that these tables do not include costs associated
with collection system modifications,

From the tables, it can be seen that the alternative
involving the expansion of the existing WWTP site with no
extension of the outfall has the lowest present worth cost.
However, as discussed in Chapter 8, this alternative has been
eliminated for environmental reasons, The next lowest coat
alternative is the expansion of the existing WWTP with an

extension of the outfall to Location 1 {Goose Foint Channel}.
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This alternative has been shown to be environmentally

acceptable., The alternatives utilizing new secondary WWTPs are
all significantly more costly than those utilizing the existing

plant.

The disposal of 4 mgd of secondary effluent at either of
the two land disposal sites considered would have costs similar
to each other and only slightly higher than those associated with
the Coose Point channel alternative. If it were politically
feasible for the Town to utilize land disposal at these sites,
these alternatives would be deemed "cost effective" by Federal
and State regulatory agencies since land disposal is considered
nalternative technology" and the present worth costs of these
alterpatives are within 115 percent of the least costly
alternative. The land disposal alternative would thus be
eligible for a higher funding percentage by Federal and State
grants, and the Town's snhare of capital costs would be reduced.
However, the higher annual 0&M costs assoclated with land
disposal would be paid by the Town,

The present worth costs of the alternative employing a new
primary treatment plant at Site A are not substantially higher
than the lowest cost environmentally-scund alternatives,

However, this alternative is not considered to be politically
feasible in light of the substantial cpposition to the
application of secondary effluent at Site A {discussed in

Chapter 8).
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The detailled present worth cost analyses have been
conducted on the basis of an average annual flow of li mgd (on the
assumption that sewers would be extended to the intersection of
Route Uil and Route B0, ag discussed in Chapter 6), If the "Route
44 Service Area" (Figure 6-3) were eliminated from the system,
the design flow would be reduced to approximately 3.5 mgd and the
capital costs given in Table 10-3 for the expansion of the
existing WHTP with ocean disposal at putfall Location 1 (Goose
Point Channel) would be reduced by the following amounts:

Flow equalization $150,000
WWTP expansion 80,000

—$230,000

It has been proposed during this study that consideration
be given to an ocean discharge alternative under which treated
effluent would only be discharged during the outgoing tide,
thereby providing further reduction of the effects of the
discharge on the harbor. To accomplish this, additional effluent
hoiding tank volume sufficient to store the maximum accumulated
flow during 1/2 tidal cyele, or épproximately 2.4 million
gallons, would be required (assuming a 4 mgd plant having a peak
flow of §.5 mgd). The capital cost of such a tank would add more
than $3 million to the cost of the project. As the tank would be
in use every day, a flushing system would be needed to facilitate
the removal of solids from the tank, In addition, the ef filuent
pumping station would have to be sized for a capacity of 19 mgd

instead of 9.5 mgd, and the capital cost of the outfall extension
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would probably increase by approximately $300,000 as a H2-inch
diameter extension would probably be required, instead of a 30-
inch diameter extension. These additionél costs cannot be
justified, since the increased benefits to be gained Dby
discharging only on the outgoing tide would not be substantial,

The proposed layout of the expanded WWTP, assuming
discharge to the harbor, 1s shown in Figure 10-6 (refer to
Figures 9-3 and 9-6 for process flow diagrams and Table A-1 in
Appendix A for design data). Two new settling tanks, new
ehlorine contact tanks, new sludge pumping equipment, a new
effluent pumping station, a new emergency generator, and much of
the effluent holding tank would be constructed within the present
site boundaries. The remainder of the effluent holding tank, the
aerated grit chambers, and the sludge processing building would
be constructed on the adjacent lot. An area would be reserved on
this lot for the installation of primary settling tanks should
they become necessary at some future date,

New Site to Serve Manomet

Detailed evaluation was conducted of both land and ocean
disposal alternatives for each of the two sewering schemes
considered for Manomet. As discussed in Chapter 8 and Appendix
D, the most favorable land disposal alternative would utilize
Site E on the Edison Access Road. Wastewater would be pumped
from the sewer service area to this site for both treatment and

disposal. As discussed earlier in this chapter, 3ite E was also

selected for loecating a treatment facility in conjunction with

the ocean discharge alternative for Manomet.
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hlternative delivery systems investigated for Manometl are
shown in Figures 10-7, 10-8 and 10-9. The first two figures
depict Alternatives E-1 and E-2 for collection Schemes 1 and 3
(0.35 mgd) while the third figure depicts plternative E-~3 for
collection Schemes 2, U, 5, and 6 (G.18 mgd). Pumping staticn

design data are given in Table 10-6.

TABLE 10-6., PUMPING STATION DESIGN DATA FOR MANOMET
DELIVERY SYSTEM ALTERNATIVES

ALt [ RIT
E-1 E-2 E-3
Taylor Ave. Pumping Station
Summer average pumping
rate, mgd 0.28 0.28 0.18
Peak pumping rate, mgad. 0.7 0.7 0.45
Total head at peak flow 150 150 157
Cochituate Road Pumping Station
Summer average pumping
rate, mgd. 0.35 0.065 -
Peal pumping rate, mgd. 0.85 0.15
98 67 -

Total head at peak flow

Under each alternative, a force main from the Taylor Ave.
Pump Station would pass through the barrier beach along Taylor
Avenue. Due to the increased length of piping required to route
this force main around Bartlett Pond and the need to construct a
10 and 12" gravity sewer line through the barrier beach along
Taylor Avenue in any event (as discussed in Chapter 6), it is
deemed most feasible to construct the force main along Taylor

Avenue in the same trench as the gravity sewer line,
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Cost Analyses of Manomet Disposal Alternatives

A present worth cost analysis has been prepared to
evaluate comparative costs of each treatment and disposal
alternative, in accordance with the assumptions given in Chapter
9. Estimated capital, annual 0&M and present worth costs are
presented in Tables 10-7, 10-8, and 10-9, respectively. It
should be noted that the tables do not include costs associated
with collection system medifications.

“rom Table 10-9 it is evident that the land disposal
alternatives for Manomet have costs considerably less than the
ccean disposal alternatives,

The proposed layouts of the Manomet WWTP assuming design
average flow rates of 0.35 mgd and 0.18 mgd are showun in Figures
D-20 and D-21, respectively, of Appendix D (refer to Figure g-11
for the process flow diagram and Table A-2 in Appendix A for
design data).

Joint Treatment and Disposal Alternative

The costs of & joint treatment and disposal alternative
under which wastewater from North Plymouth and Manocmet would De
treated at a common WWTP located in Manomet and discharged to the
ocean were estimated during this study and compared to the sum of
the costs associated with the expansion of the existing North
Plymouth WWTP with discharge to Goose Point Channel and the land
disposal of Manomet wastewater at Site E. The costs are is

presented in Tables 10-10 through 10-12. Assumptions used in

this analysis are as follows:
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TABLE 10~T. LOHPARTECH OF CAPTTAL CEGTS FOR WASTEWATER TREATHEHT AND

ALTERRATIVES TO SERVE MANOMET

DISFOSAL PACILITY

Avarage Flow = 0.3% mgd

Aorated Facultative Lagoons (Alt, H-3)

Avernge Plov

0. t8 agd

Aorated Faoultative Lngoonn (AlE. H-§)

Land dispoani at

Joean disposal at Gutfnl} Locatiop 4

Lard diapoanl at

Ocaan disposal sl

R Site £ Deliv. Syal, #el, Sits E Outfall Locatiopn §
Itom (Dellvery System Alt, E-1} Datiy, Syst. Alt, E.t AL, E-2 {Delivery Syatem Alt, B-31). (Dal. Syat. Alt. B-3)

Dalivery System®

Fuap piations $ 520,000 $ 520,000 i 357,000 3 260,000 4 260,000

Piping 214,000 262,000 ¥62, 000 338,000 386,000
Effluent hoiding 1} 42,006 42,000 [ 35,000
WHTP and siudge disponnl

Faellities 075,000 875,000 875,000 572,000 572,000
Chlorine aontact Lankh® 4] 26,030 26,000 o 20,000
Oaesn dispesal

Land outrail o] 189,000 189,000 "] 109,000

Ocean oubfzll and

diffusep ¢ H03,0800 883,000 0 803,000

finpld {nfiltration syntas 574,000 o h!] 355,000 o
Total cepitsl cast for

treatment and disposal $2,104,000 $2,717,000 $2,754,000 $1,52%,000 $2,265,000

" Inciudes pump stationa, foreo muln, and olker
'¥ Imrenental cost ko provide 0-pinute 4.t

plping neceasary to convey wastewster from tho colleelion system to Lhe WWTP.
- veraun t5-sinute dot. at peak fiew.
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TAALE 10-8. COMPARISON OF AHNEAL, DAH COSTS FOR WASTEWATER TREATMENT
AHD DISPOSAL ALTENHATIVES TO SERVE HANOHET

Fvorage Flow = 0. 35 med Average Flow = 0,30 mgd
porated Fagullablve Logeont (sIt. M-3) Aerated Facublative Laguons (Alb. H-5}
lLand élapasal nt Oceran disposal at Outfall Location E] Land diapansal at Qcean dlapoanl at
R.IL. Site E firliv. Syab. R.1. Site E Mit.fall Looalion &
Ttea {Delivery Syatem Alb. E-f} Paliv. Syst. AL, k-1 AlL. E-2 {felivery Syaten hlt, E-1) {rel. Syat. Ait. E-3)
Energy
dalivery ayotes $ 2,ko00 §4 2400 $ 1,700 H 500 ) 500
weTP 19,600 19,600 19,600 0,160 10, 300
Chenlcals 1,800 1,800 1,800 G0d 900
Hatarials ond suppliea
dolivery system a0d Bnn Ton 4en L00
TP i,500 i, 000 4,900 3,500 3,300
land disposal 3,400 [ a 3,300 G
Labor
dalivery syston 6,106 6,100 ¥,900 3,108 1,100
WITP 22,100 22,100 22,100 19,800 19,860
land diaposaal 8,900 a 4 0,400 9
Totnl nnrunl DEM cool $70,000 $51,700 $55, 700 $50,h00 $38,700
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THBLE 10-9,

TO SERVE HAHOMET

COMPARTSON OF TNESENT WOATH COSTS FOH WASTEWATER TREATMENT AND
DISTOSAL ALTEHEATIVES

Average Flow = .35 ~#d

Aeratod Facuttntive Lagaonn (Alb. H-3)

Bvorage Flow = 0. 10 mgd
Aernted Faowliative Lagoons (Alt. H-6)

tamd diaposal at
R.I. SiLte E

Ocean dlaposal at Cutfall Loeation 4

Delly, Syab.

tand disposal at Oeean dispoast at

R.I, Si{tn R Outfall Location §
(Dellvery Systes Ait, E-3)

(Dal. Syst. AL, E-3)

Ites {Polivory System Alt, E-i1} Deliv, Syst., Alt. Ewt} Alt. E-2

Total oapital gost $2,184,000 $2,717,000 42,154,000 44,525,006 $2,265,000
Land aoguelaition

pusp astation altas 40,000 k0,000 40,000 21,008 21,000

WWTP aito 28,000 28,000 28,000 21,080 7,000

R.I. aite 45,000 1] ] 71,000 0
interest durlng

aconstruotion 172,000 21 o000 217,000 120, 60¢ 178,400
P.¥. of annunl OBH coat 694,080 572,000 552,000 504, 000 385,000
Lass PN, of salvnge valuo

sbructuros and plplug -178,000 -2UB,000 -265,000 -128,000 ~232,000

pteap atatlon altas - 15,000 - 10,000 - 15,000 -8,000 -6,000

VTP nlta -5, 000 ~5,000 -5,000 -8,000 -8,000

f.1. aite ~18,000 a [ - 10,000 0
Total prasmt worth 42,985,000 $3,302,000 +3,305,000 $2,056,000 £2,607,000
Anrurlized cont $297,000 $333.000 134,000 $207,000 $203,000
RAKF, 1 2 1 1 2

i



TAELE 10-10. COMPARISON OF CAPITAL COSTS FOR SEPARATE YERSUS JOINT
WASTEWATER TREATHENT AND DISPOSAL FACILITIES TO SERVE

HORTH PLYMOUTH AND HANOMET

{assumption: average anpual design flows of

5,0 mgd for North Plymoulh
and 0.35 ggd for Hanocet)

Separate Facilitien
Horth Plyseouth

Alt. F-2b, with
Qutfall Location 1 and
Manomet Alt, M=3 with

Structure Land Disposal at Site E

Hew Joint Facility

on Edison Access Road
in Hanomel with Ocean
Discharge at Qutfall
Location &

Delivery aysten

Pump atations - NHo. Plymouth -
Pump stations - Manomet 4 520,000
Piping ~ Ho. Plymouth -
Piping - Mancmet 214,000

Effluent holding
Wo. Plymouth 1,658,000
Joint WWTP -

WWTP ond sludge disposal facilities

No., Plyoouth B, 404,000

Manomet 875,000

Joint WWTP -
Ocean diaposal

Land outfall - Joint WnTP -

geear outfall - North Flymouth 7,803,000

Ocean ocutfall - jolnt WaTF -

Effluent pusp sta. - He. Fly, 395,000
Land dispoaal

Hanomet 575,000
Total capital cost 315,428,060

13,357,000
520,000
3,380,000
262,000

67,000

11,251,000

452,000

2,450,000

123,719,000




TABLE 10-11. CCHMPARISON OF ANKUAL O&H COSTS FOR SEPARATE VERSUS JOINT
WASTEWATER TREATMENT AMD DISPOSAL FACILITIES TO SERVE
HORTH PLYMOUTH AND MANOMET

(aasusptiont

k.0 mgd for Morth Plymouth
and 0,35 mad for Hanomet)

average anpnhual design fiows of

Iten

Separate Facilities
Horth Plymouth

Alt. P-2b, with
Qutfall Location 1 and
Manomet Alt, M3 with
Land Disposal st Site E

Hew Joint Faeility

or Edison Access Road
in Hanomet with

Ccean Diacharge at

at Qutfall Location &

Energy
Delivery system - Horth Plymouth
Delivery system - Hanomet
W¥T = lorth Piymouth
WWTP - Manomet
WWTP « joint
Ocean disposal -~ MNorth Plymouth

Chemioals
Ho. Plymouth
Hanobet
Joint

Haterials and Supplies
Delivery systam - North Plymouth
Delivery syatem - Hanomet
WWTP - Horth Plymouth
WWTP - Manemet
WHTP - joint
Ocean diaposal - Horth Plymouth
Land disposal « Manomet

Labor
Delivery ayater - North Plymouth
Delivery aystem - Hanomet
WHTF « Horth Plymouth
WHTP - Hanomet
WRTP « Joint
Ocean disposal - Horth Plymouth
Land disposal - Hancmet

Total anmal {44 coat

H -
2,400
118,400
19,600

3,000

57,100
1,800

800
94,200
it,900
500
3,400

6,160
184,200
22,100
6,000
8,900

$533,000

$ k2,000
2,600
82,400

86,600

10,000
800

122,100

15,000
6,100
215,000

$682,400

Jo =30




TABLE 1012, C{MPARISOW OF PRESENT WORTH COSTS FOR SEPARATE VERSUS JOINT
WASTEWATER TREATHENT AHD DISPOSAL FACILITIES TQ SERVE

HORTH PLYMOUTH ARD MAHOHET

{assumption: average annual deaign flows of
4,0 mgd for Korth Piymouth
and 0.35 mgd for Hanomet)

item

Separate Facilities
He., Ply. Alt, P-2b
#ith Quit{all Loca-
tion 1 and Hanomet
Alt, M-3 with Land
Disposal at Site E

Hew Joint Faclility
o Edlson Accoess Rd.
in Manomet with
QOrean Discharge at
Outfell Location 4

Total capital cost

Land acguisition
Purp station sites - NHo. Pivwouth
Pump station aites - Mancmet
WWTP alte « Manomet
Wn TP sfte - jeint
kI site - Manometl

Interest during construction
P.¥W, of mnnual 044 Cost

tess P,W. of salvage value
Structures and piping - No. Ply.
Structures and piplng - Manomet
Structures and plping - Joint
Pump station sites - No, Plymouth
pPuzp station sites - Hanomet
WWTF site - Manometl
WhIP site - joint
RI site - Manote!

Total present vorih

Anmialized cost

$1%,428,000

Lo, 008
26,000

U5, 000
1,215,006
5,286,000

=852,000
-178,000

-16,000
-5,009

-18,000
420,573,000

$ 2,116,000

$21,739,000

16,000
ug, 000

52,000

1,712,000

6,763,000

~1,183,000
-6,000
«16, 000

~10,600

£29,107,000

4 2,937,000

/0

-3




t. The existing WWTP on the waterfront would be

abandoned,

2. The new WWTP would have a design average flow capacity

of 4.5 mgd.

3. The new WWTP would be located at Site E on the Edison

Access Road,

4, The outfall would be at Outfall Location 4 and would

discharge at a depth of 30 feet,

Raw wastewater for North Plymouth and Manomet would be
transmitted along the routes shown in Figure 10-10. Two pump
stations (one at the existing WWTP site and one in the vicinity
of Bert's Restaurant) and 33,000 feet of force main would be
required to deliver the North Plymouth wastewater to the new
WWTP.

From Table 10-12, it is evident that the costs of this
combined flow alternative are much higher than those of two
separate facilities. Consideration was also given to pumping
treated wastewater to Manomet to the Russell Mill Road site for
joint land disposal with North Plymouth wastewater. This
alternative was dropped when preliminary calculations showed that
the cost of loeal disposal of Manomet wastewater would be
substantially less than that of delivering it to the North
Plymouth site.

Proposed Ocean Spray Site Expansion

Qcean Spray Cranberries, Inc., which is headquartered

adjacent to the WWTP, would like to expand its ofices onto the

CDB-TD18R0O0310a Plymouth 10-32 BB: fpe 03/08/784
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Town-owned lot being considered for use in the expansion of the

WWTP. Ocean Spray has proposed to fill in 12.5 acres of

tidelands between the breakwater and its property, of which U.5

acres would be a gift to the Town for

{ts use in expanding the

WWTP, in exchange for the 1.2 acre lot presently used by Ocean

Spray as a parking lot. Ocean Spray's proposal would also create

a shellfish hatchery, a boat docking area, an aquaculture

facility to harvest seaweed, and a new visitors center for

Cranberry World.

Although the Town conservation

commission, selectmen and

CAC have thus far favored the plan, the approval of State

regulatory agencies remains in doubt,
the necessary applications early this
Should the 4.5 acres of filled

the Town, the layout of some new WWTP

revised. The additional area offered

Ocean Spray plans to file

summer,
land become avalilable to

facilities would need to be
by this site may permit the

planning of a plant with further expansion capabilities.

CDB-7018R00310a Plymouth 10-34 BB: fpc 03/08/84
34




General

CHAPTER 11
RECOMMENDED PLAN

This chapter presents a description of the proposed

facilities and identifies issues that must be resoclved prior to

the design phase of the project. The wastewater needs of

citizens not scheduled to recelve public sewerage under this

recommended plan are also considered,

Areas to be Served by Sewers

North Plymouth Phase I, Several problems to be corrected

during the initial phase of this project include:

1.

elimination of inadequate treatment by increasing the
design capacity of the WWTP to 4 mgd to handle present
flows with some reserve for service area expansion
into limited portions of West Plymouth, elimination of
plant bypassing, and upgrading to include improved
disinfection,improved grit removal, and mechanical
siudge dewatering, and increased emergency power
capacity;

further reduction of the risk of WWTP contamination of
shellfish beds in Plymouth Harbor by constructing an
effluent "flow holding® tank;

elimination of the existing discharge at a mean low

water depth of 6.5 feet by extending the outfall to

Goose Point Channel, where the mean low water depth of

14 feet will provide additional dilutions;

CDB-7018R00311b Plymouth 11-1 BB:fpc 03/08/8Y




Y, elimination of excessive I/] in the existing
collectlion system;

5, replacement of the deteriorated Cordage and Harbor
interceptors and the Xnapp Terrace Pump Station with
new interceptors and a new Cordage Pump Station;

6. elimination of a developing capacity bottleneck at the
Cherry St. Pump Station by replacing the stationy

7. improvements to the existing Night Soil Receiving
Facility to eliminate odor and rag problems; and

8. abandonment of the existing sludge drying beds and
expansion of the Manomet Landfill into the area now

occupied by the beds,

No exiensions to the sewer system would be constructed by the
Town under Phase I, HNew sewer tie-ins would be permitted at the
expense of the homeowner or industrial user within the existing
service area, Further development within the industrial park
overlying the recharge area of the MNorth Plymouth Well would be
permitted on the condition that the developer connect the new
facilities to the sewer system. Capacity for up to 0.42 mgd of
additional wastewater flow from the industrial park would be
provided at the WWTP, including 0.14 mgd from areas served by the
existing sewer,

North Plymouth - Phase II, Expansion of the service area

to serve the "Route HH Service Area! depicted in Figure 6-3 will
be deferred until Phase II. This area, which includes

commercially and residentially-zoned land, also overlies the
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recharge area of the North Plymouth Well and is theref
presently subject to development limitations imposed by the
Town's Aquifer Protection Bylaw., A wastewater flow of 0,55 mgd
would be expected from this area by the year 2007. It is
proposed that the Route 44 and Algonquin Pump Stations and all
new piping to the west of Route 3 shown in Figure 6-9 be
constructed during Phase II. The costs of providing these
facilities must be borne completely by the Town because no
problem presently exists in this proposed service area,

North Plymouth - Issues to be Resolved. Before the Towuwn

can construct an outfall extension and obtain a permit to
discharge 4 mgd of treated wastewater to Plymouth Harbor, it must
obtain a variance to the Massachusetts Qecean Sanctuaries Act,
which presently restricts Plymouth's discharge to 1.75 mgd., Two
approaches to obtaining this variance are possible. Under the
first approach, a bill would be filed in the legislature amending
the act to permit the DWPC to consider granting variances on a
case-by-case basis, The second approach is to file a bill in the
legislature to obtain a special variance for Plymouth, A bill
taking the first approach has been filed by Plymouth's state
representative., If the bill is passed, Plymouth should
immediately apply for a variance. If it doesn't pass, Plymouth
should take the second approach and request a variance by special
legislation, If both approaches turn out to be dead ends, the
Town will be forced reconsider land disposal of at least part of

its effluent, In any event, it is recommended that the Town
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proceed immediately with the design of those facilities which are
common to both land and ocean disposal alternatives in order to
eliminate present problems as soon as possible by improving
treatment.

A seocond isssue remaining to be resolved is the need to
hetter define the peak inflow rate at the WWIP. Attempts are
being made to quantify the peak flow rate during bypassing events
to permit optimum design of plant medifications and eliminate
future bypassing. It is hoped that flow monitoring being
conducted this spring as part of the ongoing SSES work in
Plymouth will provide a better picture of peak inflow rates. The
Town should also attempt to resclve the problems of bacterial
contamination from miscellaneous pipes and sterm drains
identified in Chapter 4,

A third issue remaining to be resolved is the proposed
Ocean Spray site expansion, which would make 4.5 acres of filled
tidelands available to the Town for expansion of the WWTP, as
discussed in Chapter 10. 1If this proposal is approved by State
regulatory agencies, the site plan will be revised as necessary
during the design phase.

A meeting should be set up with the owner of the railraod
right of way proposed to be used for the relocated Cordage
Interceptor early during the design phase to obtain early
approval and avoid construction delays.

Manomet - Phase I. Severe problems have been identified

in Area A of Section 1 of Manomet (shown in Figure 6-1). The
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problems include evidence of at least occasional bacterial
contamination of Bartlett Pond and White Horse Beach and
widespread nonccmpliance with Title 5 of the State Sanitary
Code., In view of the high density of development in this area
(lot sizes of 1,300 - 5,000 square feet), the limited
availability of vacant land for expansion of on-lot disposal
systems, and the high water table, the continued use of on-lot
systems in this area is not recommended. Improved operation and
maintenance on the existing on-lot systems would be helpful but
would likely have a small positive impact. New on-lot systems
cannot be installed in Area A because variances to the codes will
not be granted by local publie health authorities and the DEQE.
Provision of sewers for this area was shown to have several
advantages over the other alternatives considered, and it is thus
recommended that sewers be installed in this area immediately.
Wastewater would be collected as shown in the Phase I area
outlined in Figure 6-2 except that pressure sewers would be
provided instead of gravity laterals within the barrier
beaches. Pump stations would be constructed on Taylor Avenue and
Cochituate Road to deliver the wastewater to the treatment and
disposal facility to be located on the Edison Access Road, The
force mains shown in Figure 10-7 would all be constructed during
Phase I. The treatment and disposal facility would be
constructed to have a capacity of 0.35 mgd to account for

expansion of the collection system during the planning period.
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Manomet - Phase II. Problems with the continued use of

on-lot systems in the remainder of Section 1 of Manomet (Area B
in Figure 6-1}) have also been identified.

Lots in this area are also too small to comply with Title
5. Improved operabtion and maintenance practices and water
conservation may extend the life of on-lot systems in this area,
but these measures will nobt provide a long-Lerm solution to
wastewater disposal problems, While variances to the code in
this area are routinely granted, the presence of a sewer system
and treatment and disposal facllity serving Area A would make it
practical to provide sewers for Area B as well., State funding of
sewer construction in this area under the Chapter 557 program is

possible as long as a two-year period separates construction (see

tppendix K). Therefore, sewers should be provided for Area B
during Phase 11,

Mamomet - Issues Lo be Resolved. Before sewers may be

installed within the barrier beach areas of Manomet, it is likely

that CZM will require further water quality sampling along

Bartlett Pend, Beaver Dam Brook, and White Horse Beach, 1In !
additien, they may require fthe Toun to conduct a detailed survey

of septic systems on the beaches to answer the questions included

in their February 3, 1983 memorandum btc DWPC (included in

Appendix K). These actions have been proposed by CZH to

demonstrate the existence of a water quality problem in this

area.
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A second issue to be resolved in Manomet is the
availability of the proposed treatment and disposal site on the
Edison Access Road. This land is located within the buffer zone
of the Pilgrim Nuclear Power Station and is currently being
managed as forestry land, as discussed in Boston Edison's letter
of November 15, 1982 (included in Appendix K}. The Town'should
meet with Boston Edison and the Department of Environmental
Management forestry people to determine what steps are required
to reserve this land for use as a treatment and disposal site.
Additional borings and infiltrétion testing will also be
necessary during design of the disposal facilities.

Recommended Areas for On-Lob Disposal Systems

The key to evaluating an area being considered for
possible sewering lies 1in the determination of the yiability of
on-lot disposal systems over the design period of twenty years.
These probabilistic determinations must be made on past
experience with aimilar soils, similar density of development,
systems maintenance practices and existing on-lot problems in the
area,

As widespread problems with on-lot systems do not exist in
other areas of pPlymouth, and as tots in those areas having
reported problems generally are of adegquate size to accommodate
replacement systems when failure occcurs, it is recommended that
the use of on-lot systems be continued outside the proposed sewer

service areas.
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The following measures are recommended to prolong the

effectiveness and useful life of on-lot systems in the unsewered

areas of Plymouth:

1.

Encourage or require the use of water-saving devices
in all new houses throughout Plymouth and encourage
thelr installation in existing houses in Saquish and
Gurnet Point. Installation of water-saving devices
can improve the operation of on-lof systems and
prolong their use, chiefly fhrough reduction in the
quantify of wastewater and bthrough maintenance of
aerobic cenditions in the leaching area, which reduces
the potential for clogging.

Encourage or require improved 0&M practices for septic
tank and cesspool pumping townwide, as discussed in
Chapter 5. Timely pumping eliminates high buildup of
sclids which can carry over into and clog leaching
areas during hydraulic surges.

Prohibit therinstallation of garbage grinders,
Although the code requires additional capacity where
grinders are installed, their use is not recommended
for on-lot systems. The resulting increase in grease
and so0lids can significantiy reduce the 1life of a

system.

Enactment of these measures cannot quarantee that on-lot

systems in the nonsewered areas will remain viable over Lhe full

planning period. The success of such measures in prolonging the
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life of an on-lot system can only be predicted in probabilistic
terms. In other words, if the actions are taken, the chances of
prolonging on-lot system use and postponing the extension of
sewers is greatly enhanced,

An issue remaining to be resolved is the question of the
potential existence of a wastewater-related problem in the Eel
River, as noted in Chapter 4. TFurther study will be necessary to
resolve this question.

North Plymouth Treatment and Disposal Facilities

General, As indicated in Chapter 10, the recommended
wastewater treatment and disposal plan is to increase the
capacity of the existing WWTP to 4 mgd and discharge disinfected
secondary effiuent toc Goose Point Channel in Plymouth Harbor,
Sludge and scum generated from the treatment process will be
stabilized with lime and dewatered and buried in the Manometl

Landfill,

Design Criteria. Because of changing technologies,

changes in water quality standards and anticipated 1ife of
mechanical equipment, it is generally practical to design
wastewater treatment facilities for a design life of 20 years,
Because a 3 or 4 year period is required for design and
construction, the year 2007 has been selected as the design
year. Flows and loadings for the design year were developed in
Chapter 7 and are summarized in Appendix A,

Wastewater Treatment Process Description, A schematic

process flow diagram for the recommended treatment system is
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shown in Figure 11-1. A plant layout is shown in Figure 10-6.

The recommended treatment process includes:

1!

2.

g7 £ (W8]

o -1

Bar screening, influent pumping and flow metering
Grit removl

Biological treatment using activated sludge
Solids settling

Disinfection with chlerine

Effiuent pumping

Emergency flow holding

Ocean discharge

A brief description of the recommended treatment processes

followus:

1.

Bar Screening, Influent Pumping and Flow Metering.

Wastewater entering a treatment facility contains rags
and other large solids which can clilog downstream
gquipment and adversly affect treatment. The existing
mechanically-cleaned bar rack in the Operations
Building will be replaced with a larger unit sized for
the increased flow,and minor structural modifications
will be made to the existing inlet channel and
overflow weir structure. The existing raw wasteuater
pumps Will be replaced with four new 3.2-mgd variable-
speed pumps, and alterations will be made to the
existing piping and valves, The flow tube will be

replaced with a unit of 10-mgd capacity.
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2., Grit Removal. Raw wastewater also contains grit such

as sand and other heavy solids which can cause
premature wear on mechanical equipment and settle in
process tankage, reducing usable capacity. The
existing cyclone grit removal system will be replaced
with two aerated grit chambers having improved
capacity., These chambers will be covered, and exhaust
gasses vented to an odor control system using
activated ecarbon, Grit will be periodieally removed
from the chambers using a new vae-all truck, which can
also be used by thé Town for cleaning cateh basins.

3. Biological Treatment Using Activated Sludge.

Foilowing grit removal, the wastewater will pass to
the aeration tanks for secondary treatment., The
purpose of secondary treatment is to remove organic
materials and nonsettleable solids by bio-oxidation
and by flocculation and sebttling.

Oxygen introduced to the wastewater by mechanical
aerators in the aeration tanks permits the growth of
micro-organisms which break douwn and sythesize the
oxidizable organics into new cells, carbon dioxide and
water. The cell material or activated sludge is then
settied in the setiling tanks. A portlon of the
sludge is wasted and must be disposed of. The rest is
returned to the aeration tanks to maintain the

procesa.
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The two aeration tanks, which were originally designed
to be operated in the extended aeration variation of
the activated sludge process (see Chapter 3) will be
modified to operate as a conventional activated sludge
system (see Chapter ¢). The organic loading rate will
reach U3 1b BODg per 1000 cu., ft., per day under
average conditions in the design year (2007). The
aerators will be replaced with larger units and the
tanks compartmentalized to permit flexibility for
operation in the complete mix, plug flow, step
aeration and contact stabilization modes,

i, Solids Settling. Twc new 55-foot diameter settling

tanks will be added to supplement the two existing
tanks of the same size. The overflow rate at peak
flow will be 1,000 gallons per square foot per day
versus the value of 1,200 gallons per square foot per
day normally used for design., It is felt that making
all four tanks the same size will assure hydraulic
balance and provide an exltra means of safety to assure
consistent solids reduction below the permit
limitaticon of 30 mg/L suspended solids. The outer
walls of these tanks will be raised, if necessary, to
protect the tanks from the 100-year freguency flood

elevation being established currently by the Federal

Emergency Management Administration. HNew waste
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and return activated sludge pumps will replace the

existing pumps.

5. Disinfection With Chlorine., Prior to discharge,

secondary effluent will be disinfected, as is
presently done, with chlorine to reduce the presence
of harmful bacteria to acceptable levels. To optimize
efficiency, it is proposed that flash mixing be
provided at the point of chlorine addition. Two new
chlorinators will be provided in the existing
chlorinator room, and Lwo contact tanks having a
detention to the period of 30 minutes at the peak [low
rate will be constructed, Features to assure reliable
duplicate disinfection will include chlorine cylinder
scales, a standby injection units pump, an emergency
power supply, automabtic changeover from one cylinder
te the next, a chlorine residual analyzer/reccrder to
ensure reasonable effluent while protecting against
excessive toxie chliorine, and alarms on each
chlorinator to warn of loss of vacuum or low chlorine
pressure, Chlorine leak detectors will also be
provided to safeguard plant workers,

6. Effluent Pumping, Because the outfall will be

extended 3200 feet and the peak flow rate will be
nearly doubled, friction losses in the outfall pipe
will increase and pumping will be required to permit

the discharge of peak flows during high tide
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conditions. Three low-head axial-flow pumps are
proposed for intermittent use when pumping is

required.

Emergency Flow Holding Tank. A 1.2-million gallon

underground holding tank will be provided to prevent
the discharge of inadequately treated wastewater
during times of plant upset or, at a minimum, delay
such a discharge until shellfishermen have been
warned. It will be possible to direct effluent from
the settling tanks or chlorine contact tanks to the
holding tank during such occurrences, which are
expected to be rare. The tank will be unmixed, have a
sloped bottom to facilitate washdown, and drain by
gravity to the wet well at the head of the plant.

Ocean Discharge. The existing 30-inch diameter out-

fall pipe will be extended approximately 3200 feet to
Goose Point Channel. Here, treated effluent will be
discharged through a multi-port diffuser {see Appendix

B) at a depth of 14 feet at mean low tide.

Sludge Process Description. A schematic process flow

diagram for the recommended sludge handling system is shown in

Figure §-7,
1!
2.

3.
y,

The recommended processes incliude:
Aerobic sludge holding
Continuocus belt filter press dewatering
Lime stabilization

Sludge landfilling

CDB-7018R00311b Plymouth 11— 34 BB: fpe 03/08/84




A brief description of the recommended process follows:

1. Aerobic Sludge Holdling., Sludge wasted from the

settling tanks will be pumped to the existing aerobic
digesters, which will be modified for use as sludge
holding tanks, The existing surface aerators, which
cannot operate during the winter months due fo

freezing problems, wili be repliaced with submerged

turbine aerators. Blowers to provide air to the tanks
would be housed in the solids processing building or
the new sludge transfer pump gallery adjacent to the
holding tanks,.

2. Continuous Belt Filter Press Dewatering. Sludge will

be pumped from the helding tanks to the new sludge
processing building by new progressing cavity pumps
housed in the new sludge transfer pump gallery
adjacent to the holding tanks, The decanted sludge is
expected to have a solids content of about 2 1/2
percent. The sludge will be conditioned with polymer
and fed to two new 1.5-meter belt filter presses. The
presses are expected Lo dewater the sludge to a solids
content of about 18 percent., Filtrate will be

gollected in a sump and returned to the aeration
tanks. The sludge cake will be scraped off the belts
and delivered to the lime stabilization system. Odor

control would be provided by serubbers,
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3, Lime Stabilization. Lime will be blended with the

sludge cake in a Roediger System housed in the solids
processing building. After blending, the stablilized
cake will be discharged to a truck for conveyance to
the Mancmet Landfill.

i, Sludge Landfilling. Under the recommended plan, the

Manomet Landfill will be expanded into the sludge
drying bed area. The volume available in this area
may be maximized by excavating sand below the beds
before installing the liner and leachate collection
system, Leachate from the 2-acre area will be
collected and trucked to the WWTP for disposal.
Additional sludge-only landfill capacity will be made
available by increasing the design‘height of the
existing portion of the landfill by 15 feet, as
discussed in Chapter 9. Because the available space
is expected to be inadequate to accommodate sludge
throughout the entire 20-year planning period,
consideration will be given during design to the
provision on the site of a paved ccempost pad to
provide flexibility for sludge disposal during warm
weather periods and extend the life of the landfill.

Night Soil Disposal Facility., The existing facility on

Long Pond Road will be modified by constructing & structure to
completely enclose the septage trucks during unloading. A

scrubber will be installed for odor control, and improved grit
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and screenings removal equipment will be provided, The facility

will remain unmanned,

Manomet Treatment and Disposal lFacilities

General. As indicated in Chapter 10, the recommended
wastewater treatment and disposal pilan is to construct a 06.35 mgd
treatment and land disposal facility on the Edison Access Road.

Design Criteria. This facility, like the North Plymouth

facility, would be designed for year 2007 flows. TFlouws and
loadings for the design year were developed in Chapter 7 and are
summarized in Appendix A,

Wastewater Treatment Process Description. A schematic

process flow 4d° m flor the recowmmended breatment system is
showWwn in Figure 9-72., A site layout is shown in Figure D-20.
The recommended treatment progcesses include:

1. Preliminary . treatment

2. Aerated facultative lagoons

3. Disinfection with =sodium hypochlorite

4, Disposal by rapid infiltration

A brief description of the recommended processes follows:

1. Preliminary Trealmenl, All raw wastewabter would be

screened to remove rags and other large solids pricr

to further treatment.

2. Ae¢rated Facultative Lagoons. Three 12-foot deep

lagoons are proposed, one having an area of 1.4 acres
and the remaining two having areas of 0.8 acres

each, The lagoons would be provided with impermeable
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liners and diffused air aeration systems, and would be
designed to permit parallel or series operation.
Provision would be made to add a fourth lagoon in the

future to accomodate flows from Area C.

3. Disinfection with Sodium Hypochlorite. All effluent

from the lagoons would be disinfected with liguid
sodium hypochlorite (about 8 gallons per day would be
required at design flows) and passed through a contact
tank having a detention period of 15 minutes at peak
flow.

5. Disposal by Rapid Infiltration, After treatment and

disinfectin, the effluent will flow by gravity to
three rapid infiltration basins for disposal. These
basins will have an area of 0.87 acres each and will
be rested regularly to permit air drying and prevent
clogging. Only one basin will be in use at any

time. Because of the sandy nature of the soil at this
site, it is expected that no ponding will occur in the
basins. The effluent will percolate thrcugh the s0il
and flow the path of groundwater follow tc the

ocean. Space will be reserved for a fourth 0.87-acre
basin to be constructed in the future when the Village
Center service area (Area C) is sewered,. Monitoring

wells would be provided to determine that the
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discharge does not result in violation of the
Massachusetts Groundwater Quality Standards,

Cost of the Recommended Plan

The estimated capital costs for the recommended plan are
presented in Table 11-1, It should be noted that these costs are
based on an ENR index of 4000 (February 1983), and actual costs
as likely to be 20 percent higher (due to inflation) by Lhe time
the bids are taken. Estimated annual 0&M costs (including
energy, chemicals, materials, supplies, and labor) are presented

in Table 11-2.
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TABLE 11-1.

ESTIMATED CAPITAL COSTS* OF RECOMMENDED PLAN

North Plymouth

Phase I
belivery system

Cordage Interceptor $ 2,874,000
Harbor Interceptor 704,000
I/1 reduction 67,000
Subtotal $ 4,005,000
Night socil disposal facility 255,000
WWTP and sludge disposal
modifications 8,404,000
Eflvet holding tank 1,650,000
Effiuvent pump station 390,000
Outfall extension 2,800,000
Total Phase I $17,540,000
Phase II (Route Y44 Service Area)
Delivery systen $ 2,770,000
Total Phases I and II $20,314,000
Manomet
Phase I (Area A)
Collection system $ 2,060,000
Delivery system 734,000
Treatment and disposal system 1,450,000
Land acquisition 113,000
Totel! Phoase T $ I;,BST,OOO
Phase II (Area B)
Collection system %‘2 316,000
Total Phases I and II ’E‘f6‘73,ooo
Total Plan Capital Cost $26,987,000

¥ Excluding house connection costs, which would be paid by the
homeowner. Costs given include an allowance for engineering
and contingencies and are based on an ENR index of LOGO
(February 1983).
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TABLE 11-2. ESTIMATED ANNUAL O&M COSTS TO TOWN

Initial Design
Year Year
(1987) (2007)
North Plymouth
Collection and delivery system $ 69,000% $ 97,000
Night soil disposal facility 1,600 1,600
WWTP, ocean disposal and
sludge landfilling 389,700 163,400
Subtotal $ U60,300%% & 562,000%%
Manomet
Delivery system $ 8,100 $ 9,000
Treatment and disposal 46,100 61,000
Subtotal % BE,200 $ 70,000
Total s 514,600 $ 621,600

¥ Based on present annual cost of $69,000 (fiscal year 1983).

*#  this number may be compared with $349,000 budgeted for the
sevwer division in {iscal yvear 1983,

Note: Costs are based on 1983 prices,

Ll
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CHAPTER 12

FINANCING AND IMPLEMENTATION

General

The purpose of this chapter 1is to present the possible
methods for financing costs for constructing, operating and
maintaining the wastewater syatem,

Sources of Punds

Tn Massachusetts, funds for financing the construction of
wastewater facilities are commonly raised from a combination of
four principal sources:

1. Federal and/or State grants.

5> General obligation bonds paid from taxes on real

estate.

3. Betterment assessments upon properties which abut new

collection Sewers,

4, Sewer service charges to gewer users,

The first three items - grants, real estate taxes and
betterment assessments -~ are commonly used to finance bond
payments for initial constructicn costs. The fourth item, the

sewer service charge, 1is wused to recover the operation and
maintenance costs.

Federal and State Grants. Presently there are three major

econstruction grants programs, one Federal and two State, under
which grants may be obtalned for construction of eligible
facilities, such as wastewater treatment plants, 1interceptor

sewers, pump stations, and sewers,
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Under Public Laws 92-500 and 95-217, the Federal Water
Pollution Contrel Act Amendments of 1972 and 1977, ellgible
facilities can receive grants of 75 percent of the construction
costs. However, subsequent amendments to the Act will decrease
the federal participation from 75 percent to 55 percent for any
pro ject receiving a construction grant after September 30, 1984
(as will be the case for Plymouth). Funded facilities usually
consist of treatment facilitiles, interceptors, major pump
stations and associated force mains, provided that they are part
of a pollution abatement system need to correct existing
wastewater-related problems. Federal grants of 85 percent (75
percent after September 30, 198l4) may be obtained for "innovative
and alternative {I/A) treatment technologies.

The State of HMassachusetts currently provides 15 percent
of the construction costs for eligible wastewater facilities., It
is our understanding that the State is considering increasing 1its
involvement to 35 percent for non-1/4 construction to compensate
for the upcoming reduction in Federal funding, but as of yet, no
decision has Dbeen reached, Therefore, for the purpose of
estimating financial requirements of the recompnended plan, the
State grant has been assumed bto be 15 percent of the eligible
cost.

Under Chapter 557 of the fActs of 1979 a separate State
funding program was added to the Massachusetts Clean Water Act
(Chapter 21 of MGL) to help municipalities defray the cost of

wastewater collection system projects not likely to receive grant
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assistance under the EPA Construction Grants Program. This
program awards grants up to a maximum grant amount of $2 million
in the amount of 50 percent of eligible conatruction costs (up to
a maxium of $2 million) for such projects on the basis of either
economic benefit or pollution abatement.

Bonds and Betterments. The financing of construction of a

wastewater collection and treatment system by real estate taxes
alone unfairly spreads the burden of cost over an entire
community, regardless of the amount of individual use or benefit
received. Similarly, financing the construction of an entire
system through betterment assessments levied against only those
properties connected to the system could also be unfair since the
cost of capacity provided for future users would be paid for
entirely by the initial users.

Because of these considerations, it nas Dbeen found
practical and equitable to devise a combination of methods for
financing such systems. The wost desirable combination would
equitably distribute the cost of the system among all property
owners in proportion to both the amount of use and extent of
benefit derived by each owner.

A typical program for financing the cost for expansion of

a wastewater system is presented in Table 12-1.
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TABLE 12-1. SOURCES OF REVENUE FOR FINANCING
WASTEWATER SYSTEM EXPANSION

Deseription Paid By
1. Treatment plant expansion and General taxes and Federal
upgrading, intercepting sewers, and State grants

pump stations, and force mains

2. Collection sewers Property owner and State
grants {Chapter 557)

3. Building sewers (house
connections) Proparty owner

4. Maintenance and operation Sewer service charge

Financing Major Facilities

Since the major components of the two proposed Phase 1
construction projects {i.e. the treatment and disposal
faciiities, the major interceptors and pump stations) will
benefit the Town as a whole, it is equitable for the entire Town
to share in these costs. Therefore, we recommend that the Town's
share for these portions of the proposed North Plymouth and
Manomet systems be financed through general obligation bond
issues to be paid from revenues derived from real estate taxes,

As of July 1983, the Town of Plymouth owed $200,000 in
bonds issued in 1968 to finance the existing wastewater treatment
plant. These bonds were issued at a Y percent interest rate and

will be paid off in 1988.
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Financing Collection Sewers

New collection sewers which abut properties and provide
sewer service for these properties are generally financed by a
betterment assessment levied against the property served., There
are several methods that the Town can use in making assessments.

1. The Frontage Assessment. Under this assessment

method, a town makes an assessment at a uniform rate
per front foot or property served, The disadvantage
commonly associated with this method is that the
property owner having a greater frontage than
neighboring properties would pay a higher assessment
though his benefit might be no greater, Further
assessment difficulties arise with odd-shaped lots and
corner lots.

2. Local Unit Cost Assessment. Under another method, a

town may divide the actual cost of the collection
sewer among the actual number of properties served by
the particular collection sewer. This nethod is not a
popular or particularly fair method because the cost
to an individual property owner varies widely with the
depth of the sewer, the material in which the sewer is
constructed, and the length of the frontages of the
properties served. Thus, a property owner in a rocky
area would pay more for a street sewer than would an
owner in a sandy area even though the benefits to both

owners were the same.
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3, Average Cost Assessmentb. An assessment method which

corrects some of the ineguities of the first two is
the average unit cost method. Under this method, each
property owner would pay the average cost of the
lateral sewers in a project, thus apportioning
construction difficulties equally to all users. This
method more fairly allocates cost to a user on the
basis of the benefit reccived,

The actual determination of an appropriate assessment
method and rate is beyond the scope of this report and will
require further study by town offlicials. For planning purposes,
it has been assumed that the local share of collection sewers in
Manomet would be financed entirely by betterment assessments. In
the event that betterments are used to finance only a portion of
these costs, the tax rate would increase while the cost to gach
sewer user would decrease.

Financing Building Sewuers

Building sewers {connections from the individual
properties to the Towun sewyer) are generally paid for by the
property owner, However, the construction of the connection from
the collection sewer in the street to the property is typically
included included in street sewer contract. The cost to the
property owner for that portion of the connection would be in
addition to the betterment assessment if the frontage assessment

method is used.
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Financing Maintenance and Operation

For projects which receilve Federal and State funding under
the EPA construction grants program, Federal regulations reguire
that the cost for operation and malntenance of these facilities
pe allocated to each user or user class. Currently, Plymouth
recovers a portion of these costs by user charges which are
billed once each year in May. The charge is 70 cent per 100
cubic feet of water used during on the six-month period from
November to May. Additional costs are recorded in the form of
septage fees.

If the user charges were sufficient to offset the actual
annual 0&M cost of all wastewater facilities, they would meet the
Federal requirements. However, the expenditure and revenue
figures for fiscal year 1983, shown in Table 12-2, indicate that
expenditures exceeded revenue from user charges amd septage fees,
with remaining revenues made up from general taxation.

Implementation of a user charge system, while inereasing
the direct cost to the sewer user, reduces the tax rate for both

sewer user and non-user.
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TABLE 12-2. PRESENT IMPACT OF SEWER DIVISION

0&M COSTS ON GENERAL TAX RATE
(F.Y. 1983)

Total Sewer Division budget $349,295
Less Revenues fprom user charges 175,599
Less revenues f[rom septage fees 20,293

Total paid by general taxation $153,412
Total assessed valuation (000) $1,021,302

Portion of tax rabte used to pay
0&M costs $/§1,000 $0.15

Percentage of tax rate¥ used to pay
0&M costs 0.69%

¥UAY vate for flscal year 1983 was $21.70 per $1,000 assessed
valuation,

A usger charge system should meet the following
requirement, as stated in 40 CFR 35.935-13(b){1), as published in
the February 11, 1974 Federal Register: "The user charge system
must result in the distribution of the cost of operation and
maintenance of treatment works in the grantee's precise area to
each user f(or user c¢lass) in proportion to such user's
contribution to the total wastewater loading of the treatment
works. Factors such as strength, volume, and delivery flow rate
characteristics shall be considered and included as the basis for
the user's contribution to ensure a proportional distribution of
operation and maintenance costs to cach user (or user class)."

In Plymouth it is recommended that the cost of operation
and maintenance of the facilities be apportioned to the users

based on flow, as the present charges are, since essentially all

CDB-7018R00312a Plymnouth 12-8 BB: fpc 03/08/84




sewer users would typically discharge wastewater of normal
domestic strength. This method of apportionment would meet
Federal regulations and provide the most equitable arrangement
which the Town could implement. If a specific industry or other
establishment discharges wastewater exhibiting unusual
characteristics, an additional charge can be made based upon BOD5
and 85 loadings in excess of those found in typical domestie
strength wastewater. In this case, the user's share would be
based on each users reported total flow and a surcharge for the
excess BoDps and SS loading. This information would be obtained

from a vyearly waste survey. The cost of the operation and

maintenance of the wastewater treatment facility would be
allocated among the wastewater parameters and allocated
accordingly to each user.

A user éharge rate would be based on the metered water
consumption of all individual residences, businesses, commercial
and institutional establishments and industries. Adjustments
would be necessary in cases where significant gquantities of water
do not reach the sewer or where wastewaters are of above normal
strength. In any event, all residences, buinesses, commercial
and institutional establishments and industries would have to be
metered including those with private water supplies such as
wells.

Financing the Initial Program

The total capital costs of iastallation of the recommended

plan is $27 million {see Table 11-1). Because the level of need
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varies in different loecations, construction of the proposed
wastewater facilities in North Plymouth and Manomet would each be
completed in two phases. Those facilities included under Phase
I1 construction are less urgently needed than those included in
Phase I. The total capital cost costs of installing the Phase I
programs for North Plymouth and Manomet are $17.5 million and
$4.4 million respectively.

A summary of the Phase I costs indicating the expected
shares to be paid by the Town and State and Federal grants are
shown in Table 12~3. It has been assumed for the purposes of
this table that all expected development in the Industrial Park
Service Area will be documented by the Town in advance, as
required to make the projected flows from this area eligibile for
State and Federal grants (see letter of January 18, 1683 from
DEQE to the Board of Selectmen in Appendix K)., If ail of the
projected flow from this service area is not documented, the Town
share would increase.

As discussed earlier, the financing of the Town share
would be accomplished by a combination of betterments and general
taxes. table 12-4 summarizes the recommended Phase I funding
sources, These cost distributions are preliminary and are
intended only to indicate in an approximate mannepr the econcmic
impact of the initial construction progranm, When cost
apportionment methods are fipalized and actual construction costs
are known, a reevaluation of the cost distributions presented

here should be made.
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TABLE 12-3., EXPECTED PHASE I CONSTRUCTION GHANT. SUMMARY
(all costs in thousands of dollars)

Federal State Town
Share Share Share Total
North Plymouth
Collection and
Delivery System
Cordage Interceptor $1,461¢ $398 $1,015# $2,874
Harbor Interceptor 387 106 211 704
I/I Reduction 257 70 140 g7
Night Soil Disposal
Facility 140 38 77 255
Treatment and Disposal
WWTP and Sludge Disposal 4,578 1,261 2,565 8,404
Effluent Holding Tank 908 248 Lgk 7,650
Effluent Pump Station 215 59 116 390
Outfall 1,540 420 840 2,800
Total North Plymouth §9,086 $2,600 $5, 458 $17,544
Manomet
Collection System $0 $1,030 $1,030 $2,060
Delivery System 40} 110 220 T34
Treatment and Disposal 1,088%4# 217H% IES LA 1,450
Land Acquisition 85 117 11 113
Total for Manomet $1,5717 $1,374 $1,406 $4,357
Total Phase I $11,063 $3,974 $6,86M $21,901

¥ Based on the assumption that the Town can document all
projected industrial park flow,

¥% fsguming I/A funding 1s obtained.

Note: All costs are based on ENR = HDOO.

TABLE 12-4. SUMMARY OF RECOMMENDED PHASE I FUNDING SOURCES
{all costs in thousands of dollars)

Nerth
Source Plymouth Manomet Total
Federal and State Grants $12,086 $2,951 $15,037
Betterment Assessments 0 1,030 1,030
General Taxes 5,58 376 5,834
Total $17,500 34,357 $21,5901
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In developing the cash flows and btax impacts of the Phase
1 construction programs, a number of assumptions were made,
consistent with the applicable General Laws of the Commonwealth
of Massachusetts. A summary of these assumptions is shown in
Table 12-5. In projecting assessment revenues, 1t has been
assumed that all Manomet residents whose property values are
improved by the installation of sewers will begin paying
assessments the first year after the sewers are conastructed,
Remaining costs not covered by betterment assessment or by
Federal and State grants would be paid from general taxes.

TABLE 12-5., BASIS FOR FINANCIAL ANALYSIS OF
TOWN'S SHARE OF PHASE I PROGRAM

North Plymouth Manomet
Constructicn Construction
Financing Costs
Total Estimated Town Share $5,458,000 $1,406,000
Total Interest Charges
7.0% for 20 years
Serial Bonds 4,011,628 1,033,410
Total Cost $9,§59,628 $2,H39,E10
Annual Principal $272,900 $70,300
Revenues
Averapge Assessment {estimated) - $1,750
per lot
x 600 lots
Terms of Assessment Payment - 5% for 20 years
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The cash flow pro jections, together  with yearly
incremental impact on the general tax rate for the two Phase I
construction programs, are as shown in Tables 12-6 and 12-7. The
total property valuation projec;ions were projected by the
Executive Secretary through the year 1990 (year 3) and have been
assumed to continue growing at 8.5 percent per year thereafter.

A summary of estimated costs to property owners is

presented in Table 12~8,

TABLE 12-6. PROJECTED CASH FLOWS AND TAX ADJUSTMENTS
PHASE I PROGRAM FOR NORTH PLYMOUTH

Total
Town Projected
Debt Assess~ To Be Property Tax
Retire- ment Raised by Valuation Increment

Year ment Revenue Taxation (000) /$1,000
1 $654,960 0 $654,960  $1,722,0067 $0.38
2 635,857 0 635,857 1,870,633 0.34
3 616,754 0 616,754 2,031,083 0.30
4 597,651 0 597,651 2,203,725 0.27
5 578,548 0 578,548 2,391,042 0.24
6 559,445 0 559, 445 2,594,280 0.22
7 540,342 0 540,342 2,814,794 0.19
8 521,239 0 521,239 3,054,051 0.17
9 502,136 0 502,136 3,313,646 0.15
10 483,033 0 183,033 3,595,306 0.13
11 463,930 0 463,930 3,900,907 0.12
12 yhy 827 0 uny,827 4,232,484 0.11
13 425,72H 0 Lzs,724 4,592,245 0.09
14 406,621 0 406,621 4,582,586 0.08
15 387,519 0 387,519 5,406,106 0.07
16 368,412 0 368,412 5,865,625 0.06
17 349,312 0 349,332 6,364,203 0.05
18 330,209 0 330,209 6,905,160 .05
19 311,106 0 311,106 7,492,099 ~0.04
20 292,003 0 292,003 8,128,927 0.0H
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TABLE 12-7. PROJECTED CASH FLOWS AND TAX ADJUSTMENTS
PHASE I PROGRAM FOR MANOMET
Total
Town Pro jected
Debt Assesas- Toe Be Property Tax
Retire- ment Ralsed by Valuation Increment
Year zent Revenue Taxation (000) $/1,000
1 $168,720 $84, 252 $84, 468  $1,722,067 $0.05
2 163,799 84,252 79,547 1,870,633 0.04
3 158,878 84,252 TH,626 2,031,083 0.04
b 153,957 8U,252 69,705 2,203,725 0.03
5 149,036 84,252 Gli, 784 2,391,042 0.03
6 148,115 84,252 59,863 2,594,280 0.02
T 136,194 8y, 252 5i, 942 2,814,794 0.02
8 134,273 84,252 50,021 3,054,051 0.02
9 129,352 84,252 5,100 3,313,616 0.01
10 124,431 8u,252 40,179 3,595,306 0.01
11 119,510 B4, 252 35,258 3,900,907 0.01
12 114,589 84,252 30,337 4,232,484 0.01
13 109,668 B2,252 25,416 4,592,245 0.01
14 104,747 84,252 20,495 4,982,586 0
15 99,826 8l , 252 15,5714 5,406,106 0
16 94,905 84,252 10,653 5,865,625 0
17 89,984 8y ,252 5,732 6,364,203 |
18 85,063 84,252 811 6,905,160 0
19 80,142 84,252 0 7,492,099 0
20 75,221 84,252 0 8,128,927 0
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TABLE 12-8, ESTIMATED COST PER HOUSEHOLD WITH
PHASE I CONSTRUCTICN

New
New Sewer
Sewer User- Existing On-Lot
User- North Sewer Systen
Manomet Plymouth User User
Estimated Annual Cost
With No Sewers in Manomet
User charge{1) - $ 78.00 4 78.00 $ 0
Taxes (diminishes over 20
years to $3,20)}(2) - 30.40 30.40 30.40
Total Annual Cost per -
household - $108.40 $108 .40 $30.40
Estimated Annual Cost
Including Phase I
Sewers In Manomet
Betterment assessment
cost(3) $140.482 % 0 3 0 $ 0
User charge(l) 79.00 79.00 79.00 0
Taxes {(diminishes over 20
years to $3.20)(5) 34 .40 34,40 34,40 34,40
Total annual cost per
household $253,82 $113.40 $113.40 $34.40
Estimated One-Time Cost
Building sewer (private
residence) $1,000 $1,000 0 0

moE W

Average user charge townwlide Dbased on estimated 4,341
households served in 1987.

Based on initial tax increase of $0.38 per $1,000
(Table 12-6) and an average property assessed at $80,000
Based on a betterment of $1,750 over a 20-year period at 5
percent interest.

Average sewer user charge townwide based on estimated 5,881
households served in 1987.

Based on initial tax increase of $0.43 per $1,000
(Tables 12-6 and 12-7) and an average property assessed at
$80,000,
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Implementation

Responsibilities of the Town. The Town currently provides

wastewater collection and treatment for a portion of 1its
residents, Policy and financial decisions are made by the
Department of Public Works, and the operation and maintenance of
the system is the responsibility of the Director.

Construction and operation of the new facilities is
proposed to be undertaken by the Town with financial assistance
for construction provided by the Federal and State governments
through EPA and State construction grants programs. The project
will Vbe administered through the Department of Public Works.
Recommendations for implementation of the project and meeting the
financial regquirements are presented hereinafter.

Implementation Steps. As a first step, the Town should

review and approve the Facilities Plan and submit this document
to the EPA and DWPC for approval. Concurrently, the Town should
prepare and submit to the EPA and DWPC an application for a State
planning advance to cover 90 percent of the eligible design (Step
2) costs of the selected Phase I project(s), Town Meeting action
is required to appropriate the necessary funds for the Step 2
prao ject costs before the Town can receive the Step 2 planning
advance. Upon receipt of the planning advance for the Step 2
work, the Town would proceed with the design of the selected
facilities.

During the Step 2 phase, Town Meecting approval would be

required to appropriate the necessary funds for the censtruction
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(Step 3) of the selected project(s). The Town must appropriate
its share of the Federal and State funded work plus the amount
needed to construct the ineligible portions of the project{s).
The Town is required to complete this action prior to receiving a
grant f&r the construction of the Federally-funded project,

Plans and specifications for the project(s) would be
developed and submitted to the State and EPA for approval, along
with a request for State and Federal funding of Step 3 of the
project{s). Upon receiving a Step 3 grant, advertisement for
bids for construction of the project(s) will be made. Bids will
be received and reviewed by the Town, its engineering consultant,
the State and EPA, with award to the lowest qualified bidder.
Construction of the modifications to the existing wastewater
treatment plant and other Phase 1 construction would take
approximately two years.

Implementation Schedule,. According to an Administrative

Order issued to the Town of Plymouth by the DEQE in January 1984,
the Town must comply with the following schedule for planning,
design and construction of the wastewater tLreatment facilities

for North Plymouth:

Action Date
1. Submit a complete Step 1 June 1, 1984

application for design of the
recommended facilities.
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Complete the design
expanded wastewater
plant in accordance
approved facilities

of an
treatment
with the
plan and

submit a complete Step 3
application for construction of
the recommended facilities.

Begin construction of the waste-
water treatment plant.

Complete construction of the waste-
water treatment plant.

Obtain operation limits for new
treatment plant {(secondary limits).

Take all steps necessary to insure
that the discharge and the expanded
facility comply with the Ocean

Sanctuaries Act.

Plymnouth
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July 1,

February 1,

February 1,

June 1,
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1985

1986

1988

1988
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