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CHAPTER 1

INTRODUCTION

Genera l

In investigating wastewater management plans for the
Eastern Massachusetts MetropolIt~n Area, five basic concep-tual plans were considered . These are described in detail
In Technical Data Vol. 14 and 5. After reviewing the find-
ings of this investigation and holding a series of public
meetings , the Technical Subcommittee recommended the con-
struction of two satellite plants within the service area
of the Nut Island Treatment Plant. One of these satellite
plants would be located in the Upper Neponset River Water-
shed , and the other in the Middle Charles River Watershed.
The construction of these plants would materially reduce
the tributary area served by the Nut Is land Wastewater
Treatment Plant.

The plant now serves a population of 6314,000 which ,
because of the reduced service area, is not expected to
increase much beyond 670,000 people by 2000. For this
reason, and because the areas served have essentially
reached their limit of growth, it is not anticipated that
the average daily wastewater flow into the plant would
appreciably increase over the design period . Accordingly ,
it can be expected that any major plant expansion require-
ments would arise from the higher treatment requirements.

Report Structure

As shown on the inside cover, the study results are
presè~ted in a series of volumes.

• . • ThIs repo~~j is Technical Data Vol. 11, Nut Island• ,-~ Iastewater Treatment Plant Analysis and Improvements and
Ycovers the study performed to analyze the necessary improve-
ments to the primary treatment facilities at the Nut Island
Wastewater Treatment Plant , together with the work necessary
to provide secondary treatment capabilities at the facilitY.

ç
_

The introductory chapter is followed by a discussion
of the existing primary facilities at Nut Island. Chapters
3 and 14 present and discuss the basic design criteria and
those facilities that would be required to attain an upgraded

• primary plant and a secondary treatment facility, respec-
tively. Alternative arrangements are discussed and a

1—1
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selected plan is developed and costed in Chapter 5. A
phasing program for the selected plan is developed In
Chapter 6.

Appendix A lists the principal equipment (three
pages). Appendix B is a report of an inspection of the
main oumping station by Mr. Allen 3. Burdoin in 1973 with
recommendations (3 pages). AppendIx C Is a detailed inven-
tory of the Nut Island facility (115 pages).

Due to the nature and length of this Invetory , it
has not been included in every copy of the report . How-
ever, in order to acquaint the reader with its content , the
first sheet of the inventory is included . A complete copy
of the inventory is available for review at the Metropolitan
District Commission .

1—2



CJ:APT ER 2

EXISTIN G FACILITIES

General

The Metropolitan Sewerage District is generally
referred to in terms of two subdistricts; the North
Netronolitar . Sewerage District and the South 1’ etropclitan
Sewerage district. The wastewaters generated within the
Sou ’-h Metronolitan Sewerage District are conveyed to the
Nut Island Treatment Plant where primary treatment is
provided before discharging It to Boston Harbor. The
p l an t  serves an area of appro ximately 238 square miles ,
which contains 21 citli s and towns , including portions of
Bos ton , I3rookllne , Hilton , and Newton. In 1971, this area
contained a population of 773,000 of which approximately

are presently (197L~) served by the Metropolitan
sewerage system.

Plan t Descript ion

The Nut Island Treatment Plant was designed for an
average daily flow of 112 mgd (million gallons per day) and
a near flow of 300 mgd . A f low diagram of the  plant  is
shown on Figure 2—1. As indicated on the diagram, waste—
water from the H igh Level Sewer passes through bar screens ,
grit chambers and comninutors and is then p umped to the
preaeral-ion tanks . Wastewater then flows by gravIty  through
the nrimary tanks and the outfall system. The ou t f a l l
syster’ dIscharges to Nantasl-:et Roads in the Outer Harbor.
The outfall system , Including an emergency overflow outfall ,
has a design canacity of 300 mgd at the highest tide of
record (El l1~~.7 MDC Datum).

The Nut Island Treatment Plant consists of two bar
~err~ens , six grit chambers , nine commun ltors , four mixed—
flow sewage pump s, five preaeration tanks, six primary
settling tanks , and four digestors . Sizes and capacities
of the principal plant equipment are nresented in Appendix A.

An engineering evaluation of the main pumping station
is presented in Appendix B.

L
A detailed inventory of the existing plant equipment

• * was made as part of this investigation . The inventory is
• nresente~1 in Apnendix C.

_ _  _  •
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Plant Operations

Approximately 76 positions are allocated for the
personnel to operate the plant . Of these , six undertake
administrative and general office work, 32 are assi~~ ed to
operations, ~3 are employed to 

maintain the plant, and
• five provide laboratory control.

A partial summary of operational data for the period
of July 1, 1973 to June 30, 19714 is presented in Table 2—1.

Adequacy of Existing Facilities

The Nut Island Treatment Plant was placed in opera-
tion in 1952 and it can be anticipated that much of the
original mechanical equipment , if it has not already been
replaced , will require renewal in the near future .

The condition of the existing equipment as noted in
this chapter Is based on the Inventory survey which is
presented in Appendix C , plant inspections , interviews with
p lant staff , and review of previous reports concerned with
the condition of the existing equipment at the plant .

Preliminary Treatment

The preliminary treatment facilities at Nut Island
cons ist of bar screens , grit chambers and comminutors . The
equipment associated with these facilities with the excep-
tion of the bar screens are In good condition. The bar

• screens are subjected at times of high flows to excessive
impact from solid objects due to the high velocities in the
approach channels. This excessive impact has on occasion
b ent the bars on the bar screens.

• General debris and grit removed by the bar screens
and grit chambers is pneumatically conveyed to an incinerator.
The incinerator is a six multiple—hearth incinerator. The
system performs well and should be retained .

The general arrangement of the preliminary treatment
facilities is adequate , alt hough some flow regulat ion is

• req uired to distribute the flow equally between the existing
six grit chambers . It is reported that the grit chambers

• operate satisfactorily when handling flows up to 210 mgd .
At greater f1o~s, grit is carried over Into the preaerationtanks. Also , at flows In excess of 210 mgd, some of the
comminutors become surcharged and a system of re~-~ iningbaffles has been installed to prevent solids fro.~ passingdirectly into the pump wet well.

2—3



• TABLE 2— 1. SUMMARY OF OP ERATING DATA

Gallonage~~~
Sewage flow , mgd , average 139.28
Sewage flow , mgd, maximum 208.95

Gr it

Remo ved, cf , total 32,1433
cf , m u ,  gal 0.614

Volat ile content as collected, percent 2 14.9

Screenings

Remove d, cf , total 13,991
cf , m u ,  gal 0.28

Inc inerator ash, percent volatile 0.0

Susoended solids ’
~
2
~

Influent, ppm 250
Eff luent , ppm 1114
Removal , percent 514

Settleable solids

Influent , mg/L 7 .9
Ef fluent , mg/L 0 . 14
Removal, percent 914.9

BOD
5~~~

Influent , ppm 1214
Effluent , ppm 88
Removal , percent 29.0
lb/day 141 ,814 0

Grease, pet , ether, soluble

Inf luent , ppm 1414 .8
Effluent , ppm 214 .14
Removal, percent 145.5

Chlorine requirement (demand)~~
14
~

Influent , ppm 7.8
Effluent , ppm 7.0

2~ 11
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TABLE 2—1 (Continued). SUMMARY OF OPERATING DATA

• Chlorine residual

Effluent, ppm, or’thotolidIne 1.0
Days maintained 365

Bacterial concentration

Influent , 100 ml 114,700,000
Ef f luent , 100 ml 1,600
Removal, percent 99.92

1. Does not include quantity lost during 72—day period of
partial spillover of excess stormwater beyond capacity
of available plant equipment .

2. Twenty— four—hour automatic samplers out of service for
five months , September through January . Samples taken
manually during this period.

3. Influent under influence of prechlorinatlon for six
months.

14. Includes effect of prechiorination rates of 2,000 —

3,000 lb/day .

Influent Pumps

The influent pumping station was designed to pump a
peak flow of 300 mgd. To meet this design criteria, four
mixed— flow vertical sewage pumps each having a rated capac-
ity of 83.5 mgd at a discharge head of 10.3 feet were
installed . Plant bypassing was allowed for by construction
of a weir across the High Level Sewer which permits any
flow not pumped into the plant to overflow through the out-
fall system. With today ’s treatment and design standards ,
bypassing of plant treatment facilities is no longer
acceptable .

As noted In the inspection report presented in
Appendix B, the existing pumps are those which were origi-
nally Installed and are i’i good condition although the
wearing rings may need replacement soon. Th is report
recommends the capacity of the overhead crane be increased

• to facilitate the maintenance of the existing pumps and
• motor units.

2-5
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Preaeratlon Facilities

There are five preaerat ion tanks which are equippe d
with  swing—arm sparger—type diffusers. The diffusers
appear to operate satisfactorily. However, due to advances
in diffuser design, some consideration should be given to
updating the aeration distribution system through the use
of diffusers of more advanced design which improve the
oxygen transfer rates and minimize plugging of the diffuser.

Primary Sedimentation Facilities

There are six primary settling tanks equipped with •1
covers . All of these structures have settled to some
degree. The most northerly tank (primary tank No. 1) has
settled the most, with an overall average settlement of
12 inches and a maximum settlement of 214 inches.

The structural conditions of the tanks was the
subject of a report prepared by The Thompson & Lichtner
Co., Inc., Englneers,* in 1971. The findings of this report
were based on an extensive soil Investigation program,

• measurement of the settlement at the surface elevation of
each tank , and settlement data for both the top and bot tom
slabs of Tank No. 2.

The report concludes in part :

1. “That the sludge collector system does not work
effectively and is difficult to maintain due to
the distortion in the concrete structure .”

2. “That due to the distortion accompanying the
settl ing movement , the tanks have suffered
cracking, spalling and movement of various
concrete slabs and walls.”

3. “That the upper supports of the sludge collector
system In Tank No. 3 remain relatively level ,
but considerab ly below the design water level• of 122.55 for a flow of 112 mgd .”

14. “The tanks do not appear to be in a s t ructural ly
- dangerous condition ; however , the reconditioning

of’ spalled surfaces and repairs of cracks In
floors , walls must be done. ”

~~~~ Thompson & Llch tner Co., Inc., Nut Island Sewerage
Treatment Plant Sedimentatio n Tank Area Structural Condi-
tions, June 22, 1971.
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The report recommends in part:

1. “Removal of the roof of the structures and rais-
ing the height of the walls so that the sludge
removal system could be reinstalled at Its

• original design elevation with or without a roof
• would involve considerable danger of disturbing

the soil conditions and of collapse of structures
already cracked and highly stressed iri some
parts.”

2. “We recommend since the concrete is sound that
the present structures be repaired as to cracks
and spalled concrete and that additional capacity
be obtained by supplementing degreasing equipment
and additional tanks.”

A review of the data that has been made availab le to
use relative to the settlement of the existing primary tanks
leads to the following conclusion:

1. Before any final decision is reac hed , the settle—
ment records of the existing tanks should be
fully studied . If the records show that settle-
ment has stopped and if the unit load in the new
tanks can be restricted to no more than the
existing load, no additional foundation treat-
ment may be required if the tanks are recon-
structed . Additional borings with standard
penetration tests should be made to determine
the present relative density of the soil.

2. The possibility of preloading and preconsoli—
dating the site prior to reconstructing the
tanks should be evaluated if new tanks are
required and will impose a load greater than
that of the present tanks or if the existing
tanks are continuing to settle.

3. The techniques of densifying the granular soil
f i l l  underlying the present tank foundation by
means of ei ther the vitro— flotation process or
the Foster vibratory prob e should be Investi—
gated as an alternative to preloading.

Lj~ If , after  consideration of the above less expen —
sive alternatives the decision was reached that
a pile foundation was required , several different

2-7 •



tynes of’ pile systems should be considered .
Those are Mini—Frankl , wood , and cast—in—place
shell piles.

Sludge Pumping Facilities

There are three raw sludge pumping stations , each of
which serves two orimary settling tanks. Each station
contains two positive displacement pumps and one torque
flow oump . Wi th reno vation , the existing pumping facili-
ties could be used in an upgraded facility.

Scum Coll ection Syst em

The scum collection system was designed to collect
scum and grease which f loated on the water  surface in the
prImary tanks in transverse channels )ocated at the eastern
ends of the tanks. These channels were equipped with cross
collectors that conveyed the scum—to—scum conveyors , wh ich
in  turn  carried the scum to grease plt.s located at the raw
sludge p umping s t at i ons .  From the p i t s , the scum was pumped
to the di gesters . Since primary tanks  N o .  1, 2 and 3 had
suffIcient settlement to cause the collecting flights on
the scum system to ride below the water surface , the scum
surfacing in these tanks was never adeq uately collected in
the t ransverse channels . It was als o found tha t when the
scum that was collected in primary tanks No.  Lj , 5 and 6

• was Dumped to the digesters , that there was suff icient
t~uIldup of grease In the pipelines to cause excessive main-
tenance problems . For this reason, the scum collection
system serving primary tanks No. 5 and 6 was modified so
that the cross—collection system discharged the scum to a
water—grate grease burner , rather than a grease pit. This
system has worked well , but is not now in operation due to
the lack of availab le manpower . To furt her aid In con tro l-
ling the bui ldup of grease in the scum pipelines , a hot
water flushing system was installed which has performed
well.

If the existing primary tanks are used in an upgrad-
ing situation , the existing scum collection system should

• he undated . Consideration should be given to the installa—
• tion of helical scum cross collectors , which would drain

to the main scum tanks from which the scum would be pumped
to the point of ultimate disposal . Although the water—grate

• incinerator has worked well , it Is probably not advisab le
to use this particular piece of equipment In an upgraded
facil ity. This is because the existing incinerator has a
limited hurnin~ ca p ac ity an d has served its normal usefu l
life .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- • __ __ _ _ _  _ _ _
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Chlo rination Facilities

• The chlorination facil i t ies consist of ton cyliners ,
evaporators , chlorinators , and a residual chlorine analyzer
and recorder. Chlorine Is applied to the influent waste—
water upstream of the bar screens and to the effluent waste—
water downstream of the primary sedimentation tanks . The
residual chlorine recorder was initially used to control the

• chlorinators that feed chlorine to the plant effluent .
Howeve r , due to di f f icul t ies  in operating the recorder ,
these chlori.nators are now controlled manually .

The ton cylinders are located in the Administration
Building and the chlorinators and evaporators are housed
in the Main Building. The general arrangement of both
these facilities is neither adequate nor safe by present

• day standards and they should be relocated or modified as
required in an upgrading situation.

• The general condition of the chlorinators and evapo-
rators is good . One of the chiorinators was part of the
original installation, but a replacement unit of more• modern design Is already on hand to replace this unit In
the event of failure. In a plant of this size, particularly
If It is upgraded , the chlorine feed rate should be auto—• matically controlled and a cont ro l sy stem should be provided
for this purpose.

The chlorine is presently received at the plant in
ton cylinders since when this plant was desi gned , ton cyl in-
ders were the largest units that were ava ilab le from chlo-
rine suppliers . Since that time , chlorine has become ava il-
able in tank truck lots and consideration should be given
to developing facilities that will accommodate this mode
of shipment .

• Heating Plant

The main heating plant is located in the Administra-
tion Building. The heating plant consists of two boilers
which were installed in 1896. These units should be
replaced with a modern heating plant . The space occupied
by the exis t ing equipment wil l  he Inadequate for modern
equipment of comparab le capaci ty  and any new equipment Is ,

• therefore, better located in a new operations and mainte—
narice building .

2— 9



Elec t r ica l  Plan t

Most of the major units of the electrical plant
operate satisfactorily and are of sufficient rating for the
loads imposed on them. Nevertheless , some of the major
uni ts, particularly those which were part of the original
Installation , should be replac ed and relocated under an
upgradIng situation . There is need for additional condui t
capacity within the plant site.

Plant Outfall System

The plant outfall system as shown on Figure 2—2 was
designed to discharge to the Nantasket Roads in the Outer • -

Harbor through two long outfalls (5,830 and 5,5)45 feet)
and a shorter (1,1412 feet) submerged outfall that was to
he used in the event of extreme high tides or plant
influent flows in excess of 150 to 200 mgd depending on
tidal conditions . The plant is also provided with an

• emergency overflow weir which is located in the effluent• conduit downstream from the sediment ation tanks . Discharge
from this overflow weir is conveyed to the eastern shore—
line of the treatment plant through a 60—inch diameter
outfall. The purpose of this particular outfall is to
permi t the plant to continue to operate at times of
extreme high tides (El 115.7 MDC datum) and plant inflows
approaching 300 mgd. At such times, as much as 100 mgd of
treated wastes could be discharged through thi s outfall to
the eastern shoreline . At a t ide elevation of 115.7, the
terminal end of this outfall would he submerged by about
15 feet . This depth of sub mergence was considered adequate
to sufficiently dilute the effluent wastewater to prevent
the development of nui sanc e con dit ions at t he time the
plant was designed.

C- — 
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CHAPTER 3

PRIMARY TREATMENT FACILI TIES

General

This chapter discusses the need for up grading the
existing preliminary and primary treatment facilities and
providing additional facilities at the Nut Island Wastewater• Treat ment Plant . Most of’ the existing facilities could be
used in an upgrading situation, but certain component s of
the existing plant , mainly the primary tanks, would require
extensive work before they could be used to fulfill not
only their intended function of handling flows approximately
equal to those received at present, but also meeting higher
effluent standards .

Basic Design Criteria

The basic design criteria developed for expansion of • 

-

the existing primary plant are presented in Table 3—1.

The flows have been developed in accordance with
Technical Data Vol. 2. The flows allow for major and minor
industrial, commercial and residential wastewater flows and
include an allow anc e for infiltration. Major industrial
flow s were determined by survey . Peak—day flows have been
estimated by applying appropriat e factors to dry—weather
flows. Peak—da y flow s include an allowance for peak—wet
weat her rates of infi ltration.

A peak flow of 310 mgd used for design represent s
the full flow capacity of the incoming Nut Island Trunk
sewer. HIstorically ,  this rate of’ inflow has been realized
and can be attributed to the quantity of infi ltration and
inflow that occurs during wet—weather periods. An infiltra-
tion/inflow analysis is necessary to finalize the design
peak flow . Results of such analysis should be used to
adjust peak flows given In Table 3—1 prior to final design.

Present 5—day b iochemical oxy gen demand (BOD 5 ) and
• Suspended solids (SS) loads were determined by computer

analysis of exis t ing plant data covering the peri od fro m
January 1970 to December 1972 , inclusive . This analysis
established the yearly average and peak one—day loads for
both  BOD r and SS.

The analysis indi cates that  influent  SS loa ds re ache d
magnitudes of 713, 000 , 527 ,000 and 1439 ,000 po unds per day
on three individual days . Loads of 713, 000 and 527, 000

3— 1 



TABLE 3— 1. BASIC DESIGN CRITERI A
NUT ISLAND PRIMARY EXPANSI ON

2000
Present design 2050

Flow , mgd

Average day 127 130 150
P eak day 211 22~4 251
Peak 310 310 310

BOD5, lb /day

Average l~4 9 , 000 201 ,000 221 ,000
Peak 363, 000 ~49O ,O00 538,000

SS, lb/day

Average 222 ,000 2 81,000
Peak 439 ,000 556 ,000

Gri t chambers

N umber of units 6 6

Unit length , ft 80 80
Unit width , ft 10.14 10.11
Unit depth , ft 15 15

Overflow rate , gpd/sq ft

Average day 25, 4~40 2 6 ,0)42
Peak day 142 ,268 14)4 ,872
Peak 62 ,099 E2 ,099

- Pumping station

Flow , mgd

Average day 127 130
Peak day 211 2214
Peak 310 310

New aerated gri t chambers

Number of units — 14

Unit l ength , ft — 7)4
Unit width , ft  — 22
Unit depth , ft — 15

3— 1 
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TABLE 3—]. (Continued). BASIC DESIGN CRITERIA
NUT ISLAND PRIMARY EXPANSION

- 

200 0
Present design 2050

Overflow rate , gpd/sq ft

Average day — 20,000
Peak day — 314 ,400
Peak — 147,600

Detenton period, mm

Peak — 3.4

Preaeration channels

Number of parallel units 4 14 14 -~

Unit length , ft 166 166 166
Unit width, ft 21 21 2].

Numb er of series units 1 1 1

Unit length, ft 85 85 85
Unit wIdt h , ft 12 12 12

Detention t ime , mm

Average day 17.8 17.14 15.0
Peak day 10.7 10.1 9 .0

Primary tanks

Number of units 6 9 9

~ 185’ x 614’
3 ~ 215’ x 55’

Overflow rate , gpd/sq ft

Ave rage day 1,788 1,220 1,1410
Peak day 2 ,970 2 ,100 2 ,350
Peak 14,3614 2,910 2,910
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TABLE 3— 1 (Continued). BASIC DESIGN CRITERIA
NUT ISLAND PRIMA RY EXPANSION

- • • 2000
Present 

• 
deslgn 

• - 
2050

Chlor ine contac t

Deten tion period s mm
approximateiy (l)

Outfall and eff luent
conduit

Avera ge 37 36
Peak 15 15

Effluent pumping station

• Flow , mgd

Average day 127 130
Pe ak 310 310

• Outf all

Di ameter , ft — 5
Length , ft — 5, 100

1. A ssume s eff luent  conduit flow s essentially fu l l .

pound s per day were considered to be ab norma l sinc e they
renresent concentrations In the infl uent of 624 mg/L
(milligrams per liter) and 390 mg/I,, respect ively .  For
this reason, a peak SS load of 1439,000 pounds per day was
selected as more representative of actual peak conditions
for design purposes.

A present average load of li49,000 pounds of’ BOB5 perday and 222 ,000 pounds of SS per day are equivalent t o - a
daily per capita contribution of’ 0.2~4 pounds of DOD 5 and
0.3~ pounds of SS. To determine future average DOD5 and
SS quant it ies , the DOD6 per capita contrIbution has been
Increased to 0 .30 pounas per day and the SS per capita
contribut ion to 0.142 pounds per day .

Analysis further established peak one—day loads and
the ratio between average and peak loads was thus determined.
This ratIo was then used to forecast future peak one—day
loads .

3_14
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Preliminary Treatment Facilities

As explained in Chapter 2, there are difficulties

~n the or eratlon of the nrelir’inary treatment f ac i1 I tir ~s at
lr f l u e n t  flow s Ir . excess  of 210 mgd. since these unit
processes would c o n t i n u e  to experience p eak in f lu en t  f lows
In excess of 210 ngd , sorie rnodificatIcns or expansion o~’ the
existing facilities would be req uired . Recognizing the
large car~Ita1 investment that Las been made in these ~

‘aci —
Itles , variou s a l ternat ive s were studied which would n-m it
them to he fully utilized In an upgrading s i tua t ion .

PrelIminary s tudies  ind ic ate tha t  such an arrange-
ment , as show n di agrammatically on Figure 3— 1 , co uld t e
used to s u c c e s s f u l l y  incorporate them In an expanded lant
facility . The only other alternat ive that appears possible
would  he t o  c o n s t r u c t  new un i t s  of such a capacity thai
f u t ure ~nfl uer t  f low s could be evenly divided be tween  the
new ar.~ exlstirg oreliminary treatment facilities . This
s~’cond a 1t -~rrativn would be much more costly, particularly
so because i4- would require an adLlitional punning facIlity

• ar-ui fII’. 4- o accommodat e  t h e  additional un lt •s at t h e  existing
S It~~.

In he s~~ gested alternative , the existing bar
scr”~ n~- would be removed , net: bar screens would he plac—ui
in 4 -h ’~ ImI~ t sec t ion  of the ex i s t in g  gri t chambers , he
c o a r — i n u t  ors would he rerlou7d , and aerated gri t chambers
w o u l d  b ’  ccnstructed downstream from the main p u n n I n~
facility.

The relocation of the bar  screens wou l d  suh~ ect them
to  acc~e~t ab  Ic r:o r~e r t u m  fo rces  s ince  t h e  v e l o c i ti e s  at  the Ir
net-: location would he much Smaller at peal: flowr- han the::

• now exr~ r!cncp .

The rnmo va l of the comminutors  would e l im ina t  e the
hy d rau l i c  Lead loss th rough  then , and w i t h  o ther  channel
mod ’~af~ or~ w ould tend to m!nImi~ e at neak flows the
am ount cf  sur:-Laroe now being  e xp e r l - r c e d  in t h e  sy s t e m .

In order to canture any gri t t hat won 1 d rass throu -h
th~ r~x i st i nr  r’rrlinlnary t reatmerit sy stem , four nerat ed
rr~ 

4- chaub C ’5 would b-~ const;ructec~ Jcwnst ream of he
s~ Ino main r’umr~ nc ~tat~ on. These orIt chambers would

rr ovi i e  a t h r e e — m i n u t e d e t e n t i o n  period at reab flows.

The exIst jnc~ sc r e e nim ~ arid gr i t  Inc  ~n~~r at  or wo u ld be
re 4 - u l n e d  to serve bot h ‘he new and ex l s tI n o  •~ri’ faclilt les .
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With this arrangement, on occasion, the pumps in the
mai n pump ing station would he required to pump wastewaters
containing grit , rags and some small objects that were capa-
ble of’ passing through the bar screens. Sewage pumps can
be designed to handle solid objects as large as 8 inches in
diameter, along with grit and rags. This is particularly
so in such installations as this, where the discharge head
is as low as 10 to 12 feet .  For other installations, where
pumping stations containing large capacity pumping units
when upgraded without provision of preliminary grit, or
comminutor facilities, operation has been good without
Incurring of excessive maintenance costs.

For these reasons, the modifications shown on
Figure 3—1 to upgrade the existing preliminary treatment
plant have been selected.

Grit Chambers

The six existing gri t chambers whi ch are of the
rectangular type would remain in service. They would be
reequipped as necessary with new chain flights and collec-
tors. The grit would be conveyed pneumatically to the
grit hopper and incinerator system as it is now .

The new grit chai-nbers to be added would be of the
aerated type with grit collection achieved by means of an
overhead clam bucket ar rangement . The collected grit
would be stored in bins from which the grit would be
conveyed to the existing incineration system.

Pumping Stat ion

The existing facil i ty cont ains four pump ing units
each rated at 83.5 mgd against a discharge head of 10.3
feet . The combined capacity of these units (3314 mgd) would
be sufficient to meet the projected peak flow over the
design period. However, head requirements may be increased
due to the additional downstream hydraulic losses that would
be incurre d by conveying wastewaters to , thro ugh , and away
from the new aerated grit chambers . Modifications that
would increase the available discharge head can be achieved
either by increasing the operating speed of the pumping
units or by installing new types of impellers . In any
event, if required , new pumping units may be installed. A
detailed analysis to determine the most economical selec-
tion is beyond the scope of this study , but should be
undertaken at the time of design.
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• Preaeration Tanks

The preaeratlon tanks consist of four units in paral—
lel and one in series , all equipped with sparger swing—typ e
diffusers . In the upgraded p lant , all units would be main-
ta ined- in  service. The swing—typ e diffusers need replace-
ment and we would re~ommend that they be replaced wherepossible with fixed—type diffuser systems . This Is because
our experience indicates that fi xed—t yp e d i f fuser  systems
are less costly to maintain.

Pr imary Tanks

It is recommended that the existing six primary
tanks be supplemented by three tanks, all equipped with
covers . This will permit the primary facilities to operate
at overflow rat es ( gpd (gallons per day)  per square foo t )

• of 2,910 under peak flow conditions . We have increased the
number of primary tanks because without doing so, we would
anticipate that solids would be washed out of the existing
primary tanks at peak flows due to the excessive overflow
rates. Overflow rates as given in Table 3—1 are considered
satisfactory , provided that secondary treatment follows the
primary treatment process .

The three new tanks would have slightly different
dimensions than the existing tanks to insure that they
could be located within the limits of the existing site.
Accordingly, with this modification additional land would
not be required .

In the event primary treatment alone is permitted
In conjunction with a deep ocean discharge , then two addi-
tional primary tanks (five in all), should be added to the
system. With this addition , the design overflow rate would
be 1,000 under average flow conditions and 2 ,380 under peak
flow conditions . These lower overflow rates should improve
the SS removals to that leve l where deep ocean discharge
may be ac c eptab le .

Outf all System

The existing out fall system consists of two long
out falls (~~,R30 and 5,5L~ f e e t) ,  a shorter out fall (l , L) 12
fe~~’ ) ,  ar.cl an emergency overflow weir with a shorelIne

The emergency overflow weir should be ab andoned
s!r- ’ r’ ~~ - “  discharge of primary e ff l uent d i rect ly  to the

of ~ ut ~;lan cj under any conditions would not be
acc ’~n~ .-m le . In add i’-ion , the  shor te r  out f a l l  should be

3—8
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extended by approximately 5,000 feet and provided with
diffusers at which point, approximately 30 feet of submer-
gence would be availab le at mean low water. This extension
would permit all three outfalls to be used at all times.

Chlorination Facilities

Pre— and postchloririation is practiced at the Nut
Island Treatment Plant . For this purpose , the plant is
equipped with fo ur chiorinators , each having a capac ity of
8,000 pounds per day . The total capacity o~’ the Installa-
tion Is 32 ,000 pounds per day .

It is recommended that the existing chlorlnators and
their appurtenant equipment be removed from their present
location in the Administrat ive Building to a new building
constructed Thr this specifi c purpose. A new chlorine feed
system should be provided that would permi t receipt of
chlorine in tank truck lots.

The ac t ual chlorine dosage that would be required to
meet the usual standards of maintaining a 1 mg/L chlorine
residual in the effluent for at leas t 15 minutes mus t be
determined by test. Normally , a chlorination capacity
that would provide a dosage of 12 mg/L is sufficient  for

• primary e ff luents.  With a dosage of 12 mg/I, and a peak
flow of 310 mgd , the daily capacity requirements would be
31,000 pounds which is within the capacity of the existing

• system , without providing for prechiorinatlon and standby
equipment . However , the capacity of the existing chlori-
nation systems should be Increased to provide for prechlo—
rination of the Incoming wastewaters and for standby
facilities .

With three long outfalls in service, the out fall
system In conjunction with the existing effluent conduits
would provide a 15—minute retention period .

Effluent  Purnping Stat ion

Preliminary studies indicate that an ef f luent  pump-
ing station may be needed. A preliminary hydraulic profile
for the primary treatment plant from the primary ef f luent
weirs to the end of the out fa l].s (three in service ) is
shown on Figure 3—2. The pro fi le indicates that at maximum
tide of record El 115.7 (MD C Datum ) and peak flow 310 ngd,
gravity discharge from the pr imary t anks to the sea would
not be possib le . It is estimated that approximately 1 per-
cent of the time it would be necessary to operate this
pumping facility to discharge treated effluent .

I
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The hydraulic profile shown on Figure 3—2 assumes
that the elevation of the effluent weirs in the primary
tanks can be established at El 121.50 (MDC Datum). These
weirs were originally constructed at El 122.50, but in
some cases, the tanks have settled by as much as 2 feet.
The hydraulic profile also assumes that three outfalls
will be in service. The original outlet gat e house was
constructed so that it would be possible to provide five
independent out falls .  Preliminary calculations indicate
th at even if all five out falls were constructed , it w ould
be necessary to raise the primary tank effluent weirs to
an elevation exceeding l2~ feet ( MDC Datum) to avoid the
necessi ty  of pro viding an e f f l uen t  pumping station .
Sinc e a preliminary evaluation of the s t ructural  s tabi l i ty
of the pri mary t anks precludes raising them, an e f f luent
pump ing station would be required . During detailed facili-
t ies planning, the need for an e f f l u ent p umping station
should be evaluated further and discussed with officials
from EPA and other regulatory agencies. However, in any
event , with the construction of secondary treatment
facilities , an effluent pumping station would be required.

The station would be equipped init ially with five
pumping units each capable of pumping 78 mgd against a
head of approximately 22 feet. This would provide an
availab le capacity of 310 mgd with the largest pumping unit
out of service.

Scum Incinerator Building

Current  sludge management p lanning,  as recommended
for both the Deer and Nut Island treatment piants* indicates
that sludge removed by the primary process would be
thickened at the Nut Island site. The thickened sludge
would then be pumped through dual force mains to Deer
Island for further processing. To reduc e the level of
ma intenance required to keep the t ransfer forc e ma ins in
service , scum would not be included in the transfer
processes . This Is because scum contains a larger percentage
of greas e which could quickly  plug the t ransfer  force
m ains through grease bui ldup . The refore , any scum
collected in the treatment process would be disposed of on

• the s i te .  Such disposal should be by incinerat ion . Scum
h as been successfully incinerat ed at many installations
including the Nut Island Treatment Plant .

*Ha vens and Eme rson C o n s u l t i n g  En gineers , A Plan for Slu dge
Management , prepared for the Commo nwealth of Massachusetts ,
Metropolitan Distr ict  CommIssion , Au gust 1973.
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There are several incineration systems that have
been developed for the disposal of scum . At the time of
design, these various systems should he evaluated as to
their applicabili ty for use at this site.
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CHAPTER 4

SECONDARY TREATMENT -

General

Secondary treatment would be required in accordance
with  Technical Data Vol. 2 .  As in the case of the Deer
Island Treatment Plant , the activated—sludge process was
primari ly selected to achieve secondary treatment .
This selection is based to some degree on the advantages
that would accrue to the Metropolitan District Commission
in such things as training of personnel, limiting of inven—
torIes , and in maximizing sludge management efficiencies if
both plants are of similar design. However , detailed p lan-
ning including an investigation of alternative treatment
process is required to estab lish the final process to be
used.

The unit processes that constitute an activated—
sludge process consist of aeration and final tanks . These
unit processes are discussed in the following paragraphs.
This ch apter will also consider the ef fec t  that this exp an—
sion would have, if any , on the prim ary process units
described in Chapter 3.

Si zing of Facilities

Various activated—sludge modifications have been
developed , most of which can produce an equivalent quality
of e f f luen t s.  In sizing the aeration tanks , the step aera-
t i on process was selected as applicab le in this  s i tuat ion.
This process permits the installation of smaller aeration
tanks than the conventional activated—sludge process . It
also has the advantage that a great deal of operational
f le xibil i ty  Is readily availab le . The process is designed
to maintain 2 ,000 to 3, 000 mg/L of MLSS (mi xed liquor
suspended solids ) wi thin  the aeration systems and to accept
a BOD~ (load) to MLSS ra tio vary ing fro m 0 .25  to 0 .40 .
With these design parameters , the system would reduce the
BOD~ by 85 percent or better , including primary removals ,and -’would produce approximately 0.6 of a pound of excess
sludge per pound of BOD 5 removed.

Since the aeration tanks would be placed on fill ,
it is important that the aeration tank s be kept as small
as possible . There is an activated—sludge process avail-
ab le that utilizes pure oxygen rather than air as a source
of oxygen supply. This system can be designed with aeration

Li_ i  
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units smaller than those required in the step aeration
process. How ever, such a system should be piloted to deter—
mine acceptable design parameters , preferably at a large
scale before it Is considered for design . Comparative
pilot—plant testing is deemed desirable to determine maxi-
mum organic loading rates, settling tank overflow rates and
solids loading rat4~s, oxy gen requirements and sludge genera-
tion factors . Since such work is beyond the scope of this
study ,  we have not selected this process. We recommend
that the use of the pure oxygen system be investigated
before the final selection is made of the process to be
designed . This is particularly important at this site
because of the smaller fill requirements.

The cost saving available from the use of the smaller
oxygen aeration tankage is at least partially offset by
the crosswalls required for staged re actors , the gastight
covers , and expensive cyrogenic oxygen -generating systems .
Due to the higher MLSS concentration used with oxygen
systems , the final settling tanks may have to be made larger
to avoid solids loading prob lems . In addition, consi dera-
tion must be given to relative operating and maintenance
cos t of more compli cated oxy gen generator and numerous
mechanical aerators compared to blower systems.

Similar cost analysis should be carried out to estab-
l ish the optimum depth for stan dard aerat ion tanks as
compared to the cost of energy requirements.

Basic Design Criteria

The ‘ as ic design criteria relative to the secondary
extension of the Nut Is land Treatment Plant are presented
in Table 4—1. The average and peak BOD5 loa ds on the
secondary treatment process are set forth in Table 4—i.
These loads have been estab lished as previous ly described
under the subheading Basic Design Criteria in Chapter 3,
and allow for a 30 percent removal in the primary process
and recycled loads .

Aeration Tanks

Twelve aerat ion tanks , each 80 feet wide and 224
feet long and 15 feet deep, would be required to handle
the projected DOD5 loads under design conditions. Each
tank would be so arranged that it would have four passes.
Proper channeling would be provided so that the effluent
from the primary system may be added at the head end of
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eac h pass . This flexibility in applying wastewater to the
aeration tanks can be extremely advantageous In controlling
the operational process.

TABLE 4— 1. BASIC DESIGN CRITERIA
SECONDARY EXTENSION — NUT ISLAND

2000 
-

Present desIjn 2050

Plow , mgd

Average day 130 150
Peak day 224 251
Peak 310 310

Aeration tanks

DOD 5, lb/day~~~
Average day 160,800 176,800
Peak day 392,000 430,000

Number of units 12 14

Unit length , ft 224 224
Unit width , ft 80 80
Unit depth , ft 15 15

Loading, lb of DOD /
l,OflO cf

Average 47
Peak 121 114

Pinal tanks

Number of units 16 16
Type Circular Circular
Diameter , f t 145 145
Depth, ft 15 15
Overflow rate, gpd/sq ft

Average day 490 570
Peak 1,170 1,170

1. Includes recycle load . 
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Fina l Tanks

Sixteen circular tanks , each having a diameter of
145 feet, would be provided . Each tank would be equipped
with a sludge and scum removal mechanism. According to the
present sludge management planning, the waste—activated
sludge would be thickened through the use of flotation
thickeners . The thickened sludge would be pumped to Deer
Island for fur ther  processing . Fo ur return and waste—acti-
vated sludge pumping stations are provided since preliminary
planning indicates that the sludge piping arrangement
between final and aeration tanks can be minimized.

Whil e shorter sludge detent ion t imes are desirab le
and achievab le with circular units , limited space avaIlable
may dictate use of rectangular  tanks  In f inal  design .

Chlorination Facilities

Sinc e the peak flow throug~ the plant would not
inc rease with the addition of secondary treatment , there
will be no need to increase the capacity of the chlorina-
tion installation.

Based on preliminary layout s, 15 minutes retention
time should be availab le in the effluent conduit and out—
fall system. For this reason , chlo rine contact basins
have not been provided . How ever , in plant layouts , space
has been provided for them along with a cost allowance in
the event they are requIred by the regulatory authorities.

Eff luen t  Pump Sta tion

With exoansion of the plane from primary to secondary
t reatment , the capac i ty  of th is  f a c i l i t y  need not be
increased sinc e the peak flow would h e  the same as that
estab lished for the primary plant . Due to the additional
hydraulic losses within the secondary system, we estimate
th at the p ump s woul d be required to discharge against a
maximum head of approximate ly  29 fee t .  The pumping f ac i l i ty
should be requ ired to operate  approximately 34 percent of
the time , o rovi ded that  three out falls are availab le for
service.  
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CHAPTER 5

ALTERNATIVE ARRANGEMENT S

Genera l

Nut Island was originally a four—acre island that
has been filled commencing in 1893 to Its present 17—acre
size. The Island is to ta l ly  occupied by the primary treat-
ment plant and has no major topographic f eature s, is leveled
and the shore is surrounded by a steep riprap ~-iall .

The Boston Harb or Island Comprehensive Plan re cognizes
the use of the Island for was tewater  tre atment purposes.
The plan does oropose the development of a f ishing pier and
some landscaping, mainly the planting of trees , to improve
the appearance of the Island .

Alternat ive Arrangements

Although the Nut Island site is limited in develop-
ab le area, the three additional primary tanks that would be
req uired In conj unction with  secondary treatment as show n
in Tab le 3— 1 can be pro vided wi thout  additional f i l l ing .
However , the f i l l ing  of 3.3 acres would be required initi—
ally to allow for the construction of an operations build—
ing, aera t ed grit chambers and a new administration building.

The major problem In developing the s i te  is pro viding
sufficient area for the secondary treatment process . To
accommodate the aeration tanks, blower building, final tank s
and a sludge processing building would require some addi-
tional 24.8 acres of fill as shown on Figure 5—1.

In light of the recognition of the extent of this
fill , two additional layouts were prepared for the Nut
Island expansion . These alternatives were developed with
the express idea of minimizing the extent of the fill into
t he Harbor on the west side of the Island . A nor ther ly
extension of the Island , as shown on Figure 5—2 , would
reduc e this , hut would also tend to reduce the channe l
between Nut Island and Peddocks Island . However , local
sailing enthusiasts indicate that this particular channel
Is di ff icult to navigate due to currents and t hat any p lans
for f il l ing should consider th i s  at r ipt ides.  Spl i t t ing

• of the f i l l  area between the eastern and western shorelines
is shown as an a l te rna t ive  on FIgure 5— 3 . Boring investi-.
gations undertaken for the settlement analysis of the

_ _ _ _ _ _ _ _
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existing primary tanks Imply that deve lopment of the
easterly side of the Island might caus e fur ther  settlement
of the existing structures. Therefore, detailed studies
related to f i l l ing at Nut Island will  have to consider
their engineering problems along with the aesthetic and
environmental effects.

In addition to these various site layouts relating
• to the locat ion of facilities needed for secondary exten-

sion at Nut Island, several additional alternatives utili-
zing remote locations, in total or in part , were also
Investigated . These alternatives were as follows:

1. Lccate primary faci l i t ies  on Nut Island , secon-
dary facil i t ies on Long Island .

2. I~cate primary facilities on Nut Island , secon-
dary facilities on Peddocks Island.

3. I~cate entire plant inland at Broad Me adows In
Quincy.

There is suf f icient area on Lon g Is lan d in the
vicini ty of Bass Point to provide for the Nut Island secon-
dary treatment faci l i t ies .  The Boston Harb or Plan calls
for the development of this area for recreational purposes.
The use of this site would require that primary ef f luent  be
conveyed to Lo ng Island for secondary treatment and that
new out fall pipel ines be made ava ilable for this  site making
the construction cost of this  al ternative about $2 5 mi l l ion
greater than expansion at Nut Island. In addition, opera-
tion costs would increase due to split operation , sludge
handling and administrat ion, and due to addit ional  pumping .
For these reasons , this  al ternat Ive was not recommended.

The southern part of Peddocks Island would provi de
suf f ic ien t  area wi th  some excavation and a minor quantity
of f i l l  to accommo date the Nu t Island secondary facilities.
The Boston Ha rb or Island Compr ehensive Plan calls for the
development of the southern portion of the Island through
the construction of campsites and trails for recreational
purposes , although the Boston Harbor Island Comprehensive
Plan does indicate that ferry access would be made avail-
able to this Island .

Since day—to— day operation of the secondary plant
would require roadway access , it would be necessary to
construct a bridge or causeway to this Island . Providing
such a causeway , the necessary sub merged piping from Nut
Island to Peddocks Island and a new outfall system would

5—5
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be proh ibi tIve ly  expensive . For this  reason and due to
• - expected operational problems resulting from split facil-

ities, this alternative was not recommended.

Broad Meadows is located In Quincy along the Neponset
River, some 2.5 mIles west of the existing Nut Island
Treatment Plant and near to the High Level Sewer. A portion
of the meadows was formeriy used as a U. S. Na val Reserva-
tion and it is this  port ion of the meadows that  the plant
would occupy. Part of the meadows is submerged at extremely
high t ide s and would require f i l l ing  before It could be
used as a plant site. However , present planning has
reserved part of the area for the deve lopment of a local
community college .

The estimated cost of this  plan , some $139 mil l ion ,
woul d approximate the cost of upgrading fac i l i t ies  and
extending to secondary treatment at Nut Island. Of this
amount , approximately $17.5 million would be required for
site development which is somewhat but not substantially
less than the $23.5 million required for site development
at Nut Island .

Building a plant at this location would permit use
of the existing High Level Sewer for treated wastewater
discharge to the present out fal l  sys tem.  The present sI~ e
on Nut Island co uld be converted to recreational use.  It
is , there fore , recomme nded t hat fur ther  conside ration ~e
given to this a l ternat ive , should land In that area becone
availab le.

Other a l ternat ives considered consisted of providing
primary treatment in conjunction with ocean disch arge and
providing advanced wastewater treatment facilities at the
Nut Island si te.

An arrangement that would permit ocean discharge is
Indicated on Figure 5—14 . Primary effluent would be conveyed
by gravity to Deer Island where the comb ined wastewaters
e f f luen t  of Deer and Nut Island would be pumped to the
ocean through approximately 36,000 feet of deep tunnei.
As indicated in the Deer Island Wastewater Treatment Plant
report , th i s  a l ternat ive  is c o st — e f f e c t i v e . However , t hI s
a l te rna t ive  does not meet the  statutory requirement s that
secondary treatment must he provided to all ocean w a s t e—
water dIscharges. For this reason , th is  a l te rna t ive  was
not consIdered any further.

Advanced wastewater treatment facilities at n-i t
Island would require an addi t ional  f i l l  of 14 ac res to
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accommodate the nec essary facilities . It Is es t imated  that.
$82 million would be needed to provide advanced treatment
units capable of handling an average daily flow of 130 mgd.
Because any additional fill over that already required would
be object ionable and becaus e of the additional cost , th is
alternative was not given any further consideration .

Selected Plan

Developing Nut  Island further for adequate wastewater
treatment purposes was selected and detailed out for pur-
poses of developing construc tion and operation cost budgets.

• Such a plan is shown on Figure 5—1.

The selected plan would require approximately an
addit ional  2 14.8  acres of f i l l  for secondary treatment . The
f i l l  area would be l imi ted  to the west sIde of the Island
in the recommended alternative .

The site would be developed to an e levat ion of 126
feet (MD C Da t um ) which  Is the approximate  leve l of the
exist ing island .

It should be noted that  it may be possible to
support the new facilities on a concrete slab which is
in t urn supported or. piles.  Whether or not this approach
may be more economi cal than p lac ing f il l  should be deter-
mined at the time of design .

The site as developed is large enough to accommodate
the necessary facilities , including a sludge disposal
buIlding . Under present sludge management planning, It is
Intended to pump thickened sludge from Nut to Deer Island
for  fur t  • r processing. Excep t  for  the si te costs , the
cost- of s ludge processing is excluded from this report , but
may be found In another study .’ In the event this plan Is
carried through , then there would be no need for a s ludge
disnosal bui lding at this site.

The estimated cost for nrovidlng all of the facil-
ities required for secondary treatment , excluding any
s~ udge management facilities , is given In Table 5—1.

1U avvrs  and Emers on C o n s u l t i ng  Engineers , A Plan for ~ 1udge
r-l anagement , prepared for the Commonweal th  of r-~as~;~~’h u se tt  ~~,
Netropolltan District Commission , Au g usi. 1973.
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TABLE 5—1. CONSTRUCTION COST — NUT ISLAND
WASTEWATER TREATMENT PLANT (1)

rt em Cost

Site development $ 23,516,000

Primary t ank s ( 2 )  2 ,593, 000

Aerated gri t chambers 14 ,683, 000

Aerat ion tanks 15, 080 ,000

Final tanks . 12 ,1478 ,000

Co nduits—galleries 9,593, 000

Chlorine contact tanks 2,539 ,000

Chlorine equipment and housing 1487,000

Scum incinerator 587,000

Effluent pump station 14 ,196,000

R.S. and W.A.S. pump station 3,907,000

Revamp existing primary and influent
pump station 13,1485,000

Operations building 3, 686 ,000

Administration building 1,1431,000

Blower building 10,017,000

Outside piping and lands caping 10,821,000

Electrical and instrumentation 13,101,000

Plant Cost $132,200,000

Outfall Cost 5,036,000

Total $137,236,000

t~~ Additional  costs for sludge management are presented in
A Plan for Sl udge Mana gement for the Metropol i tan Dis—
tr ict  Comission , Havens and Emerson Lirnit’~d, August• 1973, availab le at the Metropolitan District Commission .

2.  Addit ional  cost for covers $14 ,132 ,000.

5—9
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The estimated cost is based on an ENR (EngineerIngNews—Record ) Index of 2200 and includes a 35 percent allow-ance for engineering and contingencies . The cost does notprovide for flotation thickeners, sludge disposal facili-ties or other appurtenant sludge management equipment .The estimated cost does not include legal fees or interestduring construction .
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CHAPTER 6

PHASED DEVELOPMENT

General

A phas ed development of the Nut Island Treatment
Plant is discussed in this chapter. The phased development
presented is in accordance wi th  the priorities for improve-
ment s, additions or extensions to the Metropolitan District
Commission sewerage systems that have been estab lished.

Phased Development

The exis t ing Nut Island Treatment Plant provides
primary treatment and was designed for an average daily
and peak flow of 112 and 300 mgd, respectively . As m di—
cated In Table 3—1, these flows are slightly smaller than - •

the corresponding design projected flows of 130 and 310 mgd .
It would appear then that, with minor modifications, the
plant could be revamped to meet primary design requirements.
For several reasons , however, this is not the case. The
existing primary tanks have settled , rendering them ineffec—
tive with re la t ionship to scum remo val and ine f f ic ien t  with
regard to solids remo val . Sinc e the time these primary
tanks were designed, design parameters have been upgraded
to meet higher effluent standards. These upgraded design
parameters , as indicated in Chapter 2, would require the
construc tion of three additional primary tanks. Further-
more, there are some operational difficulties within the
preliminary treatment system.

The first priorIty should be to revamp and provide
such new facil i t ies  that  would permit the exis t ing primary
treatment plant to operate efficiently and effectively
when handling the design flows.

The second—phas e development would consist of pro-
viding those faci l i t ies  that  would permit secondary
treatment .

The construction costs given in this chapter are
based on an ENR Index of 2200 and include a 35 percent
allowanc e for engineering and cont ingencies .  Costs  do not
include the cost of legal fees or f inancing during
construction .

6—I
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First—Phase Construction Costs

Under the fir s t-— p h ase development , the work would
consist essentially of revamping the existing primary tanks
and the influent pumping station , providing aerated grit
chambers , an eff luent  pumping station, an operations build-
ing, upgrading the existing chlorination facility, and
extending the short outfall conduit. The cost of doing
this  work is presented in Tab le 6— 1.

TABLE 6— i. FIRST—PHASE CONSTRUCTION COST

Item Cost

Site development $ 3,559 ,000

Primary tanksW 2,593, 000(1)

Aerated grit chambers 14,683, 000

Operations building 2,3014,000

Effluent pump station 14,196,000

Chlorine contact tanks 2,539 ,000

Conduits—galleries 2,859 ,000
Chlorinat ion equipment and hous ing 48 7 , 000

Scum incinerator  587, 000

Revamp existing primaries and Influent
Dump station 13,1485,000

Outside piping and landscaping 3,696 ,000
Electrical and instrumentation 14,512,000

Plant  Cost, $14 5 ,500 ,000

Outfall Cost 5,036,000

Total $5 0,536 ,000

1. Additional cost for covers $14,132,000.

_ _ _  - -
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Second—Phase Construction Costs

The work that is discussed in Chapter 14 consists
mainly of the construction of those facilities that would
be required to provide secondary treatment . In addition to
the facilities already described in Chapter 4, a new
administratIve building would he provided and the operation
building extended to i~eet the requIrements of a secondaryplant. The estimated cost of providIng all these facIlities
is set forth in Tab le 6—2.

TABLE 6—2.  SECOND—PHASE CONSTRUCTION COST

item Cos~
Site preparation $19,957,000

Aeration tanks 15, 080 ,000

Final tanks 3.2,1478,000

Conduits—galleries 6,7314,000

Administration building 1,1431,000

Blower building 10,017,000

Sludge pump stations~~~ 3,9 07, 000
Operations b ~Iing 1,382,000

Outside piping and landscaping 7,125,000

Electrical and instrumentatIon 8,589,000

Total $86,700,000

1. Return sludge and waste—activated sludge.

~perat Ion and Maintenanc e Cost -

The annual operating and maintenance costs that would
be incurred during the fi rs t phase and second phase opera-
tional period are presented In Tab le 6—3 . During the first
phase of operation, it is assumed that all power require-
ments would be supplied from the plant’s Internal electrical
generation system.

6— 3
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TABLE 6— 3 . ANNUAL OPERATING AND MAINTENANCE COST

First Phase

Manpower (93)

Operation and maintenance $1,204,000

Chemical -

Chlorine 486,000

Maintenance

Plant 337,000

Total $2,027,000

Second Ph ase

Manpower (112)

Operation and maintenance $1,451,000

Fuel and electrical power

Fuel 100 ,000
Electrical power 1,050,000

Chemical

Chlorine 324,000

Maintenance

Plant 66L4,000

Total $3,589,000

The total annual operating and maintenance costs do
not provide for sludge management . Manp ower costs are
based on today ’s labor rates and include fringe benef i t s.
Fuel costs are computed at a unit price of 35.6 cents a
gallon and power costs at a unit price of 3 cents per kwh
(k i l l o w at t— h o u r) .  Chemical (chlorine) costs are computed
at a purchase price of $205 per ton.

6—14
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Cost Dis tribut ion

One method of assessing the cost of constructing,
operatIng and maintaining a preiiminary or secondary waste—
water treatment plant is to distribute the costs in accor-
dance with the flow and organic load (BOD5) and SS load

• that the plant treats. Such a method is discussed in detail
in Technical Data Vol. 12, FInancing and Management.

Table 6—4 indicates such a cost distribution for
the Nut Island Wastewater Treatment Plant . It is based
on an allocation of’ the element s of cost to each of the

• three waste parameters for which the treatment process is
designed. As in the cas e of the previous cost tab les, no
allowaflc e is made for sludge management costs in deriving
the ciistrlbution set forth In this table.

TABLE 6—14. DISTRIBUTI ON OF COSTS ON THE BASIS
OF WASTE PARAMETER S USED FOR DESI GN

Percent of to ta l  cost
To tal Flow B0D5 SS

Construction cost

Firs t Phase

Plant $145,5 00 ,000 77.5 5.7 16.8
Ou t fa l l  5, 036 ,000 100.0 — —

Second phase 86 ,700 ,00 0 21.7 58.8 19.5

Op erating and main-
tenance cos t

Firs t phas e 2 ,027, 000 75.5 8.0 16.5

Second phase 3,589,000 37.2 ~47.6 15.2
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PRINC I I~AL E~~ I IPt~l ENT

Medi um Bar Screens

Number 2

• Unit width , ft 7

Bar size , In. 3/8

Clear opening, in. 7/8

Equipment Me chan ically rake d

Grit Chamber

Number 6

Unit width , ft  10. 142

Unit length , f t  80

Equipment One chain and bucket
collector per channe l

One cross grit conve yor

Multiple—Hearth Grit Incinerator

Number 1

Unit diameter, ft and In. 12—10

Unit height , ft 214

Num ber of hearths 6

Capacity, tons/day 36
Comminut ion Equipment

r’~umber 9

Clear opening , In. 3/8

Unit  sizes , In. and capaci t ies , 14 — 36 ~ 26mgd 2 — 3 6 @ 20
3 — 1 42~~~ 140
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Main Sewage P ump s

Number 14

Type Mixed—flow centri fugal

Size , in. 148

Capacity of each , mgd 83.5 @ 10.3 ft discharge
head

Flow-Measuring Equipment

Number 1

Type Ventur i meter

Size, in. 120 x 60

Preaerat ion Tanks

Number 5

Unit  wid th , f t 14 ~ 21, 1 Q 12

Unit length, ft 14 ~ 166, 1 ~ 85

Average sidewater depth , ft 114

E quipment  Swing—arm d i f f u s e r s

Blowers

• Number  2

Type Positive displacement

Total available capacity, cfm 10,000 cf free air at
8 psig

Primar y Set tling Tanks

Number 6

Uni t  wid th , f t  68

Unit length , ft 185

Average sidewater depth , ft 13

A— 2
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1:(lUipm(’nt Vour long i tud inal  and
one cross collector p’r
tank, one scum conveyor
per two tanks

Primary Sludge Pumps

Number 6

Type Triplex plunger

Unit capacity, gpm 200

Sludge Digestion Tanks

Number

Unit  diameter , ft 110

Unit sidewater depth , ft 30

Effective capacity, each , mg 2.3

Effective capacity, total , mg 9.2

Type Two — fixed covers
Two — floating covers

Chlorination Equipment

N umber of ch io rlna to r s  14

Uni t  c a p a c i t y ,  lb/day 8,000

Appl i ca t i on  Pre— and p o s t c h l o r L r -r

A— ~
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MAIN SEWAGE PUM P S AT NUT ISLA ND
SEWAGE TREATME NT PLAN T

______________________ 

_______ _ _ _ _ _ _ _  

a



Allen J. Burdo in
COi~ ULTING ENGINEER

June, 1973

Main Sewage Pumps at

Nut Island Sewage Treatment Plant

Description. Sewag. is received from a tribut&ry area of 238.85 sq.

miles containing a total population of 778,000 and a sewered popula-

tion of 618,600 as of the end of 1971. Sewage enters the plant by

gravity , flows through bar screens , grit chambers , and comminutors ,

and is then lifted about 10 ft. to the pre—aeration and sedimentation

tanks from which the effluent is discharged by gravity 6000 ft. offshore.

Four vertical mixed flow sewage pumps rated 80 mgd each at 10.3 ft.

• head at 190 rpm are provided . Two pumps are driven by 200 hp sy’nchro—

nous motors at constant speed , and two by 200 hp wound rotor motors at

variable speed. F].omatcher units are provided for speed control.

Motors are mounted on and supported by the pump ..

Power is supplied by three engine driven generators , two of which

are rated at 750 KVA each and one at 1450 KVA . One engine is a straight

g~s engine ; the other two are dual fuel eng ines. Digester gas is used

as fuel.

Sewage Flow vs. Capacity . The sewage flow for the 12 months from

July 1, 1971 to June 30, 1972, is compared with the design n o w  in the

following table.

Sewage Flow , mgd.

sin. av. max.

Design 112 300

Act ual 65.7 128.2 188.5

B-i



These figures for maximum flow show that the pumps have the capacity to

handle present sewage flows with one unit out of service.

Furthermore , the engine driven generators have adequate capacity

to supply power to the pumps and other plant equipment , and the pro-

duction of digester gas is sufficient to supply the needs of the engines

with continuous gas wastage through the waste gas burners. This results

in substantial savings over what the power would cost if it were purchased .

Age and Condition of Equipment. The pumps are original plant equipment

which went into operation in 1952 and are of rugged modern design. Very

little maintenance of the pumps as distinct from the drives has been re-

quired , and the original wearing rings are still in place. They are

• said to need replacement. Wear of the rings results in a loss of pump

efficiency due to excessive leakage through the rings back to the pump

suction. This is not too serious with plant production of power from

digester gas unless the situation becomes extreme , in which case , new

rings should be installed .

The motors are relatively new , having replaced the 1200 rpm syn-

chronous motors , planetary gears , and magnetic drives originally in-

stalled. The original drive units required excessive maintenance , par-

ticularly the gears , and their replacement with 190 rpm low speed direct

drive motors has resulted in much more dependable units .

The new motors are much heavier than the original motors . They

weigh 8 tons and cannot be lifted as a whole by the 5 ton crane . This is

inconvenient , since the rotor and stator have to be removed separately

to :~et  at the pump interior .

The engine power plant has performed well and with proper main—

B—2
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tenance should continue to do so indefinitely.

Recommendations. I recommend that each pump be tested individually

using plant meters and instruments and the efficiency compared with the

original pump curves or test data. If the efficiency loss is greater

than 3 percent , the wearing rings should be inspected and replaced

if necessary.

I further recommend that a study be made to determine whether

the overhead crane and crane runway can be increased in capacity

sufficiently to handle the motors as a whole. In the conduct of this

study the cooperation of the crane manufacturer should be obtained.

Respectfully submitted ,

Allen J. Burdoin

1
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APPENDIX C

NUT ISLAND WASTEWATER TREATMENT
PLANT — INVENTOR Y

(Note: This appendix to Technical Data
Vol. 11 has not been included in all
copies of the report due to the nature
and length of its content . However, in
order to acquaint the reader with  its
content , the f irst  sheet of the inven-
tory is included . A complete copy of
the inventory is available for review
at the Metropolitan District Commis-
sion , 20 Somerset Street , Boston ,
Massachusetts.)
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?Iut Island Treatment Plant
Administration Building

1. Equipment:
Boilers No. 1 and 2 (for gas or No. 6 oIl)

Location :
Boiler Room

Manu facturer :
Peabody Engineering Corp., New York City
Dual Fuel Burners, Automatic , Unit Size PK
“250” , Fully Automatic , Type A Wide , Range
Atomizer ; Capacity — 162 lb. oil per hour
per burner. Oil Supply Pressure 275 psig
Gas Burner - Ring Type (Fabricated) Capacity —
5200, CFH/Burner , Gas Supply Pressure, 10 psig,
Ring drilled with 26 No. 31 dia. holes.

Flame Detector Minneapolis Honeywell C7O12A
Ultra Vision Flame Detector

PROTECT ORELAY - Minn . Honeywell Regulator Co.
Flame Safeguard Control No. Y1479A1021
P~~~ ”~~ •~ ul~ttc~r N o.  1235111A
Amplifier No. R7253A10111
Multi—Voltage Model No. R14127A1122

Motor :
Fan and Fuel Oil Pump No. 1 and 2
Nameplate not accessible , data from plant records
U.S. Electric Motor Inc., Syncrogear
2 HP , 280 RPM , Rat io 6.18 , Type GH , 3 Phase ,
60 Cycle , 220/ 1140V, 6/3 A . ,  Motor RPM 1800 ,
Frame No . 22 14~.ZI_2 1 , SErial No. 1 2050058 ,
No. 2 2000119

Controls:
Local : Normal Boiler controls including ,

Flame Detector by Minneapol is  Honeywell
Protectore].ay by Minneapolis Honeywell

Eaulpment Condition :
BoIlers installed around 1896 as coal fired , high
pressure boilers when plant was only a screening and
pumping station . Boilers are derated by inspector
to 15 psi . max , pressure due to age . No Information
on actual condition of tubes or shell , bu t no obvious
leaks.  Boiler used mainly for plant heating , and also
used for No. 3 sludge heater and e f f luen t  heating for
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