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The purpose in offerding the subdjeet “Roonomios of s Sewage
Treatnent Power Plant” is to prossnt en anclysis of the ccanoaie 40N
siderations involved in the selestion of the sowae o sources of
powsr, The plant considered may pgenerste all or part of its power
rojuiremonts er oparate entiraly on purchased eleetrisity, The ede
ditional inveatment required for en engine installetion mmat de
Justifiof by o smuffisiont zeving, 1f any, in anmsl costs,

Eogines ond suxilieriaes used in sewspe trestment plents
are dlsouseed in detail and various opereting date iz presented,
The reletionship of heatisz reguirements to plant deaign for the
chove three yrojeats L3 investiguted,

It is daternined that, for the plont sonsidered, pur-
chasing sl) powsr requirements is the lezst experasive of the three
schemes., I3 must be recogniged, however, that the studios made mre
valid only for the perticuler aorditions considared, Hizce cone
d1tions very depending upon the losstion, & similer snglysis mede
with other considercifions might yield o different »emuls,

It 1a the intent of this theals to present sufficient
sppliod design prosedure to onsble the reader with on engineering
backgrourd to repure o similer study for proposed sewage troent.
ment planta,
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Introduotion
A sownge trectment plant includes ar instellation of sewnge

panpe ond oir dlowers neeessery for the sepondary treatmert of the
gowage by the aotivated sludge process, as well sg miscellansous cuxile
{ary equipment, The nbove units may be operated sither slectricelly or
by direct-oommeoted engines, as we may imstall digestion tavks and ocle
lect sludge ges, It will not be possible to obtain sufficient power
fron the sludge gos slone to continuslly operate all the squipment, even
with ressonsble gas storage foeilities, Therefore, it will be necessary
$0 obtain supplenentel power from othey soursces,

The purpose of this study i3 to deternire the economies of
several types of prime movers for the varios servicea, as well us of
the varicus sourees of supplemental power,

In nome munioipelitivs, the cholee of power may be diotated by
other than engineering cons derstioms, Purchased slectris pover or diessl
oll generator plants sre the only possibilities where sludge ia not die
gosted and nlnds; g88 1s not avelleble, Digestion of the sludge will re-
duoe conaidersbly the voiume to bde handled and will eliminnte offonaive
odors emitted by nonedigestion plants, The dscision will, howover, be
based on eomperstive studies of e mmber of slternate sshemes, In gen-
ersl, thers are three types of inatsllstions which sre to be gonsidered:

1} ALY power derived from dusl fuel srgineedriven generators
using svailnble sludge ges supplemeamted with purchased ofl, All egQuip.
nent to be motor cperated on generated current with no utility compeny

cormection,
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2) Yame major items of egquipmert, such as blowers or main pumps,
or both, direct driven by ges engines; purchased electrieity for load which
cennot be handled by the ges engines and far plant lighting.

3} All squipment operated on purchesed eleetric powar; no engines,
Sludge ges t0 be used only fur epace and digestion teck heeting with deficlency,
if any, made up by purchased fuel -~ gas, oil, o coel,

In meking an economic study of the power plant, we mst include both
capitel charges, or costs incidentel to the investment of money, end annuel
opereting coats, Capital investmert iroludes the costa of the following:

Subatrueture and superstructure of buildings required for each

schege,

Engine driven blowers, or Motor driven blowers,

Hotor ariven puspe, or Engine driven pumps,

Enzine generetors

Eleotrios]l wark and equipmert

Heating plens.

From the total irvestment, the enmiel fixed charges are derived
after esteblishing sn estimeted life for amortisation and interest charges,

Amortization of equipment will be based on 80 years at 314, end
struetures 40 years at 31%, using sinking fund depresiation, The sewnge
troatmert plant is a municipal project, end as suoch, is exempted from prop-
erty and incane $exes, In payipg for public improvements by general texe~
tion the money is taken from nmunieipal funds whioch heve heen apportioned for
sach separate purposs by the legislative department of tls govermment, Ane
mual insurance’ charges will be taken at 1% of  the initi,l investment.
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The snousl coats will indlude the fixed churges, sost of purchased
elsotrie power, oll ard ges for power and heat, ladoer, and meintencrce or re-
paira,

Perticulor attention shmld be given to the hesio assumptions, ainee
ony saheme csn be unfeirly rsted by welghing eevrtedin date, For example, the
ceplital cont of strustures and squipment will ba much grecter for plants gets
ercting their own powar, The study would fevor purchesed eleotrisity if we
used & very short life for esmortization purposes, 7The seme offeet would also
be odtaived by too low an estimete of avalladle gesy, On the other hand, gone
ercted power onn be favored by sssuning thet utility ccmpenties will insist on
high breckivwn servise charges dy the spportiorment of londs betweon genoratoed
and purchesed slectrieity, OCenerated power would elaso be fovored by too Mgh
nn estimate of gua producshion,

A

Treatment Plant
The espentiel elements of the plant are bar sereens, grit chembers,

sewogs punps, serction tmnks, sottlirg tenks, aludie digesters, dusli.fuel ene
gine gensrators, and blowers,

1) Bar doreens ere a primary slement in ary aswoge dispossl system,
Formally, thess units ars the first plece of mechanicesl equipment whioh the raw
sewoge contnots, YHere 1% fe thet the large items, such as stisks, brarches,
boxes, erd even newspapesra, which mske thelyr way irnto the sewer mairs, arse
sorosned at, Rising rows of teeth on & chaln drive 1ift these plects from the
flouing sewege Yo where they ¢on be houled awey o further prosessed, The rime
ary bar racks remove objeats greater than siree inshes and the secondery bdar
rooks one insh particlaa,



2) Orit Chembers serve to remove the finer inorgenic muterials
from the aswsge, Here 1% iz that sand end emell refuse fram roeds is re-
moved, leaving the raw seswags rrinarily in en organia stete, The grit, it
salf, is oocllested and used for sarth rill or other purposes, Raw sewage is
pamped $o further processing points, OGrit washers clean the grit sedimsnt
pricr to Aispossl, COrit chembers control the veloelty of flow of the sewege
by eritionl depth weirs so es to remove $07 of sand that is coorssr then 60
noal,

3) Pumps 1ift the semage %o higher levels for further proosssire,
These pumps ore neoesssry wherever the trestmernt plant i3 nbove or on o leval
with ertericl sewer nM

ks supply the bacteris naturelly presert within the

sewnge with a plentiful sun:ly of oxygen. Without £t, the daoteris womld not
reprodace and remein in the healthful oondition negessary far breckdown of orw
ganie solida, Power for the blowsrs end mein sewsge pumps 1s the major losd
on the plent,

5) Settling Tenks permit solid metter within the sewage to settle
4o the bottom while liguid flows off for disposal in & moving stremm, Settled
mattor goes 0 the gludge digestion tanks affer thickening,

8) Sindge Digestarse Sludge fyom the settling torks 1s heated and
baoterial sotion generates combustible gas 11ttle differont fyom that employed
for domestis and industricl uee,

7} Dusl-fuel Erpine Gonersters, in plents genrerating their cwn
power, are fueled by geses from the sludpe digestion tanks supplonented by

diemel oil in suoh cuontities os may LYo necesssyy,
8) Blowers, powersd by gemsrsted electriolty supply sir to the

o



aeration tarks and fer other uses within the stetion, This is the rinary
demand for eleotrie power within ths treatment plant,

The elesonts of s conventionnl setiveted slndge sewsge treatmant
plant are presented in fignye 1,

Sewnge treatment plents remove the putrescible metter fram the
1iquid saryying it by settling snd by serepirg devises cclled collestors,
whieh tremspert the sediment, or sludge, to the suetion lines of sludge
pumps from where 1t moves on o furthesr processing,

The sottling is made very affoctive ond complete by firat subjeot-
ing She sewsge to seration, in whish zir is released at the bottem of doep
texks in very fine bubdles. The sstivated sludge process uses dotween 0.3
ond 0,8 ocublo feet of sir per gullon of sewege srd the value of O,0 eubie
foot will be sdopted,

The setiled materisl, or sludge, mresents n disposal problem sinse
it 1is moatly water, vorying fros e low of sdout twelve pounds of woter per
pourd of solids, to es high as 95% in some pProcesses,

Howevar, the techniques of sludpge dlgestion were developed eerly in
the twontieth sentury, In the present improved form of digestion, the aludge
is warmed to 87 or 90 degrees Fahrenhait, avd, in the abaense of alr, o repid
beoterinl soticn sets in, Lirst destroying ths softer solids, the most trouble-
some apd bulky pert,

Hudge digestion gives off ¢ ooplous supply of methans, It is mixed
with oonsidereble inert oerbon diexide, tut the fuel value of the mixture of
abmat €50 B.7.U. per oudle foot which is higher then the usunl mamfastured ges,
‘?hc digestion prosess is favored by temperatures nesr 90 degrees Puhre vheit, s
heat is required, esposially in the winter,
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When the provess is conpleted, which takes normally 30 to 80 deys,
during which water is greduslly removed, the sludge hos decrensed in volume
and has lost all trrces of its sewags origin, besomizg muoh like m blesk
swemp rmek of thin 1iquid sonsistency. The digested sludge is valueble for
land.fill, fertiliser filler and soil improverert, Suige thet cannot de
uesd for these purposes mey be disposed of by berges ot sea, o may be inein.
erated after drying. Dossuss of the obvious soonomie and copereting advanteges,
praotioally sll now sewege plunta inalude digestion of sludge amd Iesting of
sindge with the ges profuced,
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The moat efficlient engine rejects to the jsoket water ond exhoust
most of the hwat put into it, comverting about 38% of the fusl velus of the
gas into powerry, The rest goes to the cooling water and to exhemst, and nost
of it onn be recaptured for heating purpcses,

The production of power fyrom sewage is, in effect, & by-produst of
the gombustion of the sludge gos, the latSer, itself, o by-produst of the di.
gustion process, Pig. 2, pege .8 1llustrates the heat and power production
eycle for o plant gemerating its power remirements,

In prostice, the supply of gus will narmally be steady and relisble,
However, some eguslising storege in lerge pluants mey be desireble to bridge the
delly fluctuntions in sewsge flow, The wante heat of ths ongines is trunsferved
baok to the digesteras In this wey up to BYE of the heot value of the sludge
eas moy be utilised,

Sewnge Srestront plants oan bs reted in kw.~hrs, used per million
gsllona trested, In Serme of population, o flow of one million gellons per
dey Tepresents sbout 7000 persons. This reting vartes with both the complete~
ness of the progess and _th# pamping required, About 825 to BSO kuw..hrs, per
nillion gallins are mim depording primerily upon the mmount of serstion
glven the sowoge and the puimping heed, The cost of tresting sewags, cxsluaive
of fized oherges, is £15, to 320, per million gullons, so pawer cost is s major
iten ranging, et ons cent pe kw.-hr,, from 8,25 to 38,50,

with grect sertainty 1,0 to 1.2 cubie foet of sludge gas per doy per
esplte of populotion may de axpested, Per milllior gsllons of sowsge, this gives
7000 to 8000 cubic feet of ges, which in the latest engines con give o kilow
watt-hour per 15 cubde feet, or, allowing for losses, ebout 500 kilowatt-hours

per million gollons, This iz frem 85% ¢o 85% of the enorgy Taquirements in
Qe



&iffarent planta of this Sype,

Therefore, for onch rilifon gelloans of sewege per day (megeds)
trosted, in a year, (386 x 8500) ar 160,000 kw.-hra, ¢an be gencrsted, for
which ebout 40 kw, of plunt equipsent iz required, This reprosents sidition.
al investment ot $200 per kw, in the plent of 38,000 per m.g.d. sopseity,

Against this, is eonservativaly charged oight per cent, or 3840, per
yenr, aqual to 3,56 nils per kw..lor, whieh, plus the cost of panriog the power
plert, moke up the cost of power,

The srnuel powsr oost with Consolidat 4 Edison Go, of Mew Tork's
Service Closaificution Yo, 3, 1s adout 38,000 per m.e.d. Apuinst this arve
eerryirg cherges on edout 40 kw, of power plant, 3840, s there 1z choud
$1,360 left fur @ yeor's opevetion, meintensnoe or repeirs, plus ssving,

It ia tharefore, to bs docided for s given size plant whether there
13 en soonomis justificotion for utilimation of ges power, Design skill ney
be nsedad to essure contisuisy of operstion and o zet sfequate return from
plant investnont, Fowsver, 1t is ® bp gesn whether the larger investnent
pegessory for solfegeneration will be sompenssted by a sufficlent sevipg, if
any, in srmual costs, over s plent of the smme espacity purehasing sll ar pars
of i%s power requirements,
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sge Tresteent Plant Design
In the plerning ond design of meshanieally oquipped sewege treste

ment plorts, swme {eatures require specsisl atiemtion, rather different fram
the eormon yuh of industrisl, public utility, or seven other public worka,.

Up to e couple of deocodss ago, power and moving mochinery seamed
out of place in te sewngte system~-unrelisble, trcublesame snd, finelly, &
neas of rust 1o bo removed with 44 £5%culty.

™he meoessity of meking sewege flow up=hill hos led to mumercas
othar demands for powsredriven equipmert fto meke the system more efficlient,
mare capect and less costly (far Lty performance, of nobt per meZede)s

The lorge plamt fwdey has sll the elsmerta, and presents all the
probleng of the industrisl pruecess plext, with aspeciel rejulrements, choredw

teristios exd prodiens orising from i%s size, nature ard pubdblic service atatus,

Features pesulisr to the sewsge treatment plant whish affect plane
ring ere:

{a) The requiremerts fop high reliabilisy in contimions nronegtop
opereti on,
Hoke Yepuir or replecement inaxpensive ond possibdle without
ambdown,

{b) The peeulior humidisy, ges, dirt and flood conditions,

(o) Insurs permoneuse of equipmert end avoid repsir expense,

{4) Paoilitate inspeotion snd test, and relieve losd on eperating
fore, and

{o} 2lso %o be consddared, iz the usuel method of dudgetary odfe
'bx«al of a mundoipal publie plant in whish irmediste sconomy has
somplete sower of veto, no matter what the cost,
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The sewage plank undar study is intended to gexve en ares whish is
used ns a mumer resort; The winter, ar pammenant population will de sssumed
to be 40,000 and the swmer populastion 90,000, 4 future wintes population of
85,000 axd somser population of 180,000 muy bu expected in 1970.The plant will
me fta effivent into s large »iver, which is not used by tlw cammunity
88 & svures of drinking or for bethinzg mrposes for g suffialent distance down~
gtroam, $0 88 % resdar the water safo after ths sewnpe is trentod by ths oot
vortioral sotiveted asludge proeesa,

The plant pewnge fioxs will rew be considered in order to srrive
ot the desisn ecpueity. The swwser snd winter flows, sinimm, sverage and mex-
drom oot be estimatdd,

¥ater consmmption muy be divided into fow classes of uaxrs, Thase
sroi (1) dmestie, {2) commereisl and industrial, (3) publie, {4) loss.
The yeuyly average consumption in gelleons per depita day {2.0.4.) moy Do 0Xw
nooted to vary fmm g minlmin of 40 %0 & maximum of 160, ca repovted by the
¥nil onnl Lime jssoctiotion savey in oities snd towns whare sexvices are
motered, Ths sewage flox Tor the permarernt winter pomaletior will be token as
100 g.o.d. for 1980, 110 g.c.d. for 1360, end 120 g.c.d. for 1970, Por the
edditionel sommer populatien, the sewnge flows will be tziten oo 90 g.e.d. for
1950, 100 g.cedy for 1980, and 105 g,0.4, for 1970. The minimum, oversge,
ond mexisum Tloms sre now Babuleted for both the winter and swmer, A coOhe
staxt infilirotion flow will Do sssumed in the winter os nzalnst o vorying

42-



infilsration flow for the summer, It i neceasary to weoognins veriatioss
in sewege mw fros the snmel avsrego in determining the oapuaities of punp
erd Mlower equipment, The flow of sewage oon bo sonsidered to consist of
water gonsumptlion due to permmnent populstion, of grouniweser infiltration,
of woter consmption due to temporary summer population {not ineluding the
permsnsnt population) snd of weter sonsunption due to trensients, Table 1,
pogy 1&?, tabulaten present spd antioipated future sewage flowa, Figuve 3,
page 18, illustrotos the permnnent winter populstion eurve and Pigures 4 ond
'8, poges 18 ond 17, prosext plent sewoge flow vorgus yeers ond time of yesy
respactively,
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Parmenert Populatlon:
‘ﬂm L2 X 2R 20 m‘m %*ﬁm m‘m
m SRRy %,M %,W 9&;@
WANUOY sisvese 160 110 180
B s e s vune 98 100 108
Pernnpent Poymanent Infilityation winter Summer
¥intey Summer exd Trensients 7Tlow Fiow
Flomutnyged s PLowemogeds Mﬁsﬁn 5
a 3 'IE'T‘ *’55 = 1
& 5 4 é 10 16
8 10 8 iz 4 %0
3 6 8 4 1 15
4 8 2 8 14 20
12 i2 8 is 20 40
m& 0,0 o ] 4.8 .05 20
Aversge b5 10 9 ] 20 ks
Heximm 28 80 8 18 .3 4 80
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An overege alr requiremsnt and therefore blower dalivery of (.5
cudio feet of oir per gallon of sowage will be ndopted ss discussed pre-
viously on page 5, The sir preasure diffarential to be mointained st the
blowers is teken as 7,0 pounds per squere inch, whieh is the value maine
tained in New York City's sewege treatment plants, Thers will be some vare
fations in pressure, depeniing upan the rotes of air spplication end the
condition of the diffusera. Cleaning operations pasrformed on ths diffusers
will perrit lower aversge pressures to be meintained, |

Three, 3,000 o.f.m, rotary positive displecemert blowers will be
ingtalled at present with an additiomml 2,000 o0.f.m. blowesr to de provided
for future cperation, The esloulstione relating to the above aexoau,‘am are
inoluded in the mppendix, seetion I, |

The main sewsge punmp instel lations to be made at present are os
Tollows: one 7.5 m.g+d,, one 10 m.g.d,, and two 15 m,g.d. An sdditional
15 m.g.4, pmp will be izstalled ip the future to conform with the expested
plant sewage flow ourves, figure 4, pege 16, The sewsge must be ruised
from low level gewsrs ond pumped to the various trestment points within the
plant, The total dmamic head will be teken as 35 feet, This value will be
used in subsequent plant layouts and in the celeulestions in the eppendix,
section 1, relating to the pumping power requirements,

Auxiliery plant eguipment inoludes sludge pumps, mechﬁnism drives,
najor equipment euxilieries, lighting, and other incidentol equipment through~
out the plant, The suxiliery lomd for the plent under considerstion will be
teken as 4 kw, per m.g.4. flow, which is the sverage of results fyrom the

Tellmans Ialand Sewsge Trestmert Works, Rew York City,
=18-



The sewsge treatment plant power requirements are given in table 2,
page 20 in whioh is shown the amount of ges redquived in ocudic fest per hour,
Figure 8, pugel shows a graph of aublo fset of ges required per horsepowerw.
hour va, % load for a 300 H.P, duel fuel engins ot the 36th Ward Sewage
Treatment Works, New York City.

In she study of power costs for the sewege plant, there are, smong
the sssunptions mede, thres in partioular that are probebly anb:jwt to vore
iation, These are gas produstion pur capita, air ussd per gallon of sewsge,
aend gir proasurs for the asation sy,

Gas production for plants in operation is obtsined fram populsiion
deta, which 1s someshat ixrdefinite, Three bases for the population deta will
be used:

1. The everage flow divided by 130 gel./osp./day .

8., The avarage pressnt flow dividsd by the design flow spd multl-

plied by the design popaletion,

3¢ Flgures froem various sources on astimated present populations

for these planta,

~19-



Einiemn ¥iow
Punping kw,
Blowers kw,
suxtliaries kw,
Todul kw,
Totel H.P,

mxcﬁ/hr »

Pamping kw,
Rlowers kw,
fuxilinrion kv,
Total kw,
Totel H.P,

Gas Roquiredes
Wgﬁ./’#o

Pumping kw,
Blowars kw,
suxiliorion kw,
Tatal kw,

Tokel H,.P,

Cas requiredes
m.ﬁ./w .

o8 63
lo8 158
40 60
197 a8l
a64 a7y
2880 8000
@ -
108 it
40 L
208 al
2 417
oo sad0
a7 168
106 158
40 80
a3 404
348 B4L
59850

4940

«20-

Pature
Yinter

5710

§Ezs B ¥

E

19
212

649

197
Juser

an

561

sk

s

9156

7

828
1108



seseld vat [ESSS FREal stand SEOUS bises Subt probs SOSES & ﬂ- ...... v B J 1 ::_.:h
sotes sudod ibe S i ‘ N | ! | N R I
svtas i T EE : ! M M ™
ottt : 1. i ! M A : i
[T T : ; i A
R | | _ .
T 1 B i | N B
b - o 4 . . m h -
WH.‘ W ....M‘.. : 4 + N _ ] % M H
sataRis ; Lo | i i X =~ B
1 Sl . P i R H
i - i BRI AT

B e R

t
s
i

Hr.,-. b — T

-2 -

PPN LNNE). - —
1Ny

BN T

a

-
33
L
11
o
| Ta

7

S ” mw : . P - - 3 ; :
- , . ‘ Tt CoMOGTSHOE HEd [SVA) 36 153 219N T
e . . ol O O

- i i ! 1 v + i

N . . i . » | :

. T : . ) . ‘ : }

S : R N : Lot | L ;‘mi- R S U T
" T : ; - : : i ! { w | i i
o . _ | ” bbb | L Lo m |




~ Data fer soversl New Yok City Plants, show the foll owing:

Table Ko, 3
Deily Gas Output end Populstion Dete for Flents in Cperation
TallmensIsland Jemalon Bowery Bay
Daily gas ocutput over s
ronthly period.-en, £,
¥aximom 199,000 388,700 298,700
Aversge 188,600 352,040 248,930
¥inimum 178,000 309,000 147,900
Populntion Dete by
sbove methods
10'.".&’00'." 13&,0{” 363'000 291'606
z‘vt‘..t....tC 11-8’000 gw'm 891.@60
Deessssesasnne 118,000 232,000 308,000

From the above data, the following figures resmult for meximum,
aversge, and minimum gas production:

Table Yo, &
Gas Production for Plants in Operstion

Dedly Geg Production Over a
Honthly periodmcu,ft.per aapite

Population

Plant Besis Maximim Average ¥indmam
Tallmans
Is:.ﬂnd b 1.58 1l q‘ﬁ 1039

a 1,69 1,58 l1.48

3 1,73 1.82 1,52
Jemsioe 1 1.47 1. % 1,18

2 1.47 1,34 1,18 ‘

5 10 “ l » 58 1‘ 55 ;
Bowery Bey 1l 1,08 0.86 0,81

2 1,;03 QQM 0.51 :

3 0.97 0.81 0.48 I
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Exoept f'or Bowery Boy where gas production hes been more vorie.
sble than at the other plants, 1t ssema as if e considerably higher ges
production than ons cubis foot per oepita is likely on the sbove basis,
However, the figurs of ons oudio foot par veplie will be adopted as o cone
sarvative sstimate for gas production to be expested from the plent,

_Teble No, 8
Sawege Oas svaileble and Amount Hequived
Presers Future

Fimter umer Finter _Summer
Populetion 40,000 90,000 68,000 180,000
tas progens

«0 .} 1% o Q@itﬁ .

basis {ou,ft./hr,) coose 1,887 3,750 3,870 7,500
1.1 m.ﬂ./c&p&t&
basis (ﬂ#ﬁo/m-'q) aemee 1,830 4,180 4,040 8,250
fintmm fiow (ou.ft./nr,) 2,920 5,000 5,710 8,450
Aversce flow {ou,rs./hr,) 3,050 5,240 8,110 9,150
Meximum flow {eu.ft,/ir,) 4,940 £, 080 7,940 12,140

Therefore, the plard sammot be opurated entiraly on sewege ges,
ut the gas produeed will have to be supplemarted, Gas storcge fecilities,
as shown by the shove snalysis, roed nst be provided,

IIX. Engines and Auxiliories for a Sewoge Trectment Plant
Ao QComperison of Perfowmmance Chevsotaristies of fveileble Engines,
Until asbout five yesrs ego, the only engines evailsble for sewsge

treotment plont uses were low sompreassion, spark-ipnition, four cyole gas
ergines, These engines have midstantially the following characteristics:
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1. Ignitlion of the mixtare of sewsge ges and combustion sty ot
180 to 120 pes.d.

2o Hony offoutive proasgurs, 88 to 70 p.sd.,

3, Plston apeed usuelly urder 1200 fset ner mirute,

4, Consumption of sludge ges, dased on o celorifis velue of
850 B,7.U, por ocuble foot, is aboul 1B to 15,8 cudie feet per B,H,2, ~homr,
fhen epersting on utility ges, with 535 B,7.U, per cubis foeot, consumption
18 ebout 18,5 to 19 suble feet per 3.H,P.~hour,

6, Thermsl effisiency is shat 25 par cent, However, ths oom-
bined, cversll effioclexmay of both engines and weste hent recovery, so very
important for sludge ani spece heating, is sppraximetely 80 per cent due to
the high exheust temperatiures crd the high heat anntent Lin engine sfirculae
ting water and cxheuss,

In recent years, the dusl fusl engine hes beoums evellable, This
type of angine qan operscte elther emtiraly on gos, entirely on fel oi), o
oz any ecmbineti on of ges and oil, T chenge from gus to oll can be mede
either by hopd ar by sulometic cortrol while She ongine le wurning under
loed, The dusl fhel englne operstes at dlesel pressures with diesel efficie
encies, These engines offer great ndventagos to sewsge treatment plants
where gas production is nelther falrly constent nor often, pavrticulsriy in
sotivated sludge plants, Here, gus productior is tpsufficient, while the
losd on the enzines fingtuntes oongidersbly, Thase engines, upernting ene
tirely on fuel oll daring the starting.-up period of s plarnt, slinimnte the
vesd of yroviding for purchssed ges until plant gse produnstien i3 edequnte,

The first dusl fusl type of engive sultoble for sowcge trestment
plant use was developed in 1540 by the Netli onal Ces and 0i) Ergline Co, of

24



Erglant, T» 1941 %0 1343, the loading Anerican dlesel buildera began dee
sign ot development of en engine sixiler o tlw British %ype, fechuring
nigh mprmlm of the gus snd eir mixturs, and capable of sitoning fuels
witle operating. Iz 1944, $L: first duel fuel snglne wos gut into operotion
at the Tellnans falund Sessge Treeitment Torks ir Yow Todk Gity.

The duol fuel sngine hes been f7iele’ly dofined by She Dienel
Engloe Manufeoturers Assosiction es "ons whioh uses all fuel on She dissel
oyols, or predosinmtly zzsecus fusl with oil fuel ignition, end 4s fully
sorvertidle Lrai one fasl to tho Gilers” 4 cusediesel englne s therefure
a dual fasl enmgine thet {s not instently comvertible,

¥hile the compreseior of the grseeir mixture in the duel fuel
angire 13 oconsidersbly digher thern Iv o low soompresasion gss sngine, belng
umelly sbout 425 to 435G p.9.1., k2 noun effeative pressare of 78 te 80
Pebsl, hm vary nuah higher,

It was found thet under such conditions of high oompression, 1g-
sition by spark could not be used, It therefors beccme Iecesassyy to iguite
the mixture by%ha infection of o munl) emourt of pilot fuel oil during the
soRpression stroke in ovder $o ixitinte, propegste, sd sustain ignition,
The dunl fuel englme sppovently violentes ell ths rales by mixing fuel and
air before comprascion end then reising the wirturs to high pressures,
Prefiguition does not soewr, i arring is sterted end meintalned by the
pllot oil injestion into the heated mixturs, The moant of pilot oil thue
required is sbout B to 7% of the totel 1,T.U, requiremsnt, st roted full
sagine outyut, ond ressine constaxt over the whole losd ranges IS iz ine
Jeoted usuolly by & emell, high presasure, mmlti.cylinder pomp, whioh is
driven by the engine,



The gen consumption in dusl el engl nes is conslderably mw&
" thor in the low compressien, mperk iamitien, ges susire, With sewsge gas
of 480 B,T.0 por cubla fook apd 5% of Sotal B,T.U, inmput for pllos oll,

- the gas required i only sbonk 11,0 sublo foed per D H,P.elip,, or about
£730% Less thee in low coxpresaion gos engines,

The 41 ffererwe iz fusl-alr rotics betwosn these engines apd comwen-
tional ges odd ghsoline magines probably steourts fr 4ifferarcos {n ignie
tion, Gas ergines opercie -Ath s peerly perfest mixture, recdily fgnited
ond exflodiveon ivs burning, The dusl fuel ergive, beirg esasntislly @
dlesol, cperntss with high sxosss sir, or s "lesn® mixtare, ZEver st high
temparciures, sueh = mixture doss not gelf-ignite in the short time avoileble,

The power output from on exgire of Yo sme mmber of aylinders,
bors, siroke end R,P.i,, o be insevwased abrut 5O% by mpevohergivg o dusl
fusl srgine, Oomiuaiion elr, in thios sase, ia supplied to the e gine under
preasure by & turbosharger nountel on the engine neing axhenst ges Yo drive
e turbine, Higher prossure of eir, ond therofere lerger voluzme of fyee air
supplied, pormits durring mere fuel ther Lc¢ powsidle wilh nomesuperebsrped
engives i the ssme aise oylinder, Uonpression of the nireges alxture in
mpersherged srgines Ls adout the same ea ir nonesaperebarged, but the mesr
sffeotive yreseure is conslderchbly higher, bslirg neually sbout 112 %o 120
Dessls The thermsl efficloncy of duel fual engines, sither superoharzed or
pd, 1o abstondially the seme se for dlesel anginss, i,e,,

Suparcherged sngives ususlly show someshat battar fNuel oconeny

than nobegupereherged unive, Iporvesses in oulput deperds on o veriety of
feotors, Orpesity boosts from 30 to 80% have been reported snd 408 may be
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teken o5 a conservetive value, mahwms mey be sdded to existing
engines and the copacity gained in this way may be subatentially less ex»
pensive than on instollation of sdditionel englnss,

The energy in hot exhoust geses from m dissel ¢sr be recovered in
a gas turbive to drive a centrifugal blower supplying eir at supercharging
pres=ure, Umally turbine and blower rotors ore mournted on o cownon shaft
in o single cesing, Such o unit is celled e turbosharger,

In the Buehi turbooherging aystex, velve timing, exhaust manifold.
ing end turbine design are socordincted to ¢reate timed pressure pulsations,
Engines of four eyliinders and over smploy e muitiple exhmaet merifold srrangoe
ment, to permit ocomplete scevenging of one aylinder before the exheust valve
opera orn another, Ho controls are needed, Speed, olr quentity and oharging
neefisure follow sngine losd a'd spoed changes,

A comparison of the npersting charsoteristics of o speark-ignition
ges, dugl fuel, ond conventional dtesel engines is glven helew,

1. Tuel introduced by mixirg velve which blands the alr erd gas
fual in proper proportions oatside the cylinder before compression,

2, Suotion siroke, W th intake velve opan, fills the oylinder
with nixtare,

3, Compresaion stroke reises mixture preasure to 70 to 300 p.s.i,

4. Sperk igrites mixture necr ond of compression stroke,

5. Mired mixture expends, foreing the piston downwerd on its
power siroke,

8. Fxhmuiat valve opens and rising platon eleers the oylinder
of barned ges,

w27



be Dusl Pusl nglre

1. Tus)l enters intuke-air streem nesr irlet velve ond mixes bow
fore eumprossion outaide the evlinder,

2. Inlet valve opens sn) suction stroke fills the eylinder with
eir and Tuel,

3, Conmpresaion stroke reises pressure of mixture to sbout 4350
Pesels

4, Year the ond of sompression, pilot ofl ta injested to ine
itiate oombustion,

8, Heat of compression ignites pllot oil, whieh couses mixture
to burn ord the remulting expension pushes the platon downwenf

€+ Exhensd valve opsns end the rising plston elears the cylinder,

1, Suotion gtroke, with irlet velve open, fills oylinder with
alr,

2+ Compression stroke raises preamire to about 450 p.s.i,

3, High-pressure fual injeotion starts at or near the emd of
the mpuaam# atroke inatde the oylinder,

4, High air tesperture, ceused by compression, ignites fusl,

5, Burning mixture sxpands, pushing plston dowrverd on {ts
power etroke,

6. Exhenst valve opons ard the rising piston clears the cylimder,

Hany duel fusl engines ere operating in prectically every Sype of

stationary earvice in aizes ranging from 1885 H,P, to 3500 H.,P. Dunl fuel er.
gmi have bhosn perfested to the point where, by cwiparison with the cone
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ventional highegrode sperk engine, they require 30 par e¢ert loss fuel at
full load apd 50 per cont less fuel at querter lopd, By miperoharging, the
oatput of any giver size engine hes been tmerensed aa mueh av P&, "™in in.
eressed power from & given foundetion and engine size mprecichly retuses
the dbuilding end ipstalletion coate,

Comparative fusl corsumptions for verious four-asycle engines oa
a net heat velus begls 18 shown in Mgars Mo, 7, pege 30,

Gas enginea have been ir succesaful operciion in sewsge treste
merd plentas ainse the 1930's, Performanoe curves for s 4-oyole spurk ignie
tion gns engine are shown in Figurs 8y page 31,

They have mede ¢ good record, but from a knowledge of dlspoea)
plent operstions 1t is believed that the Ml fuel engine is sven bdetter
fitted for this service becouse:

x.xtwmaunmﬁa of power sa » ddesecl engine t0 vt the
sowoge dlspoanl plant into oparation, thns fweeing the plant from stenddy
cherges for olectriosl power, '

2, It legsens tho need for seperats heating equipment both for
the duilding and fhy starting the digestion prosesg, sa t: e wagte hest
bollers ard §moket water provide the necessery hest, This combinetion
provides sp overall thermel officiemey of 88 per Mt.

3¢ It i3 e acxroe of a definite smount of dependeble power st
sll times, X the sewnge gos supply 18 not enough to meet the power de.
mand, fusl oil will entomatically moke up the sdditionsl fuel requirements,

4, It will give long life due to extrsmely thorough combustion
el reletively low opereting ema_-am;

Reaent devalopments, such sa running the gos through purifiers,

2P
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effective protection of the parts againet the corroaive setion of sewsge

gos, use of ehromswplated top ring, and besio.type lubriceting oils, promise

to reduce cylinder and walve wonr to that obtainmble with ths uaso of the

highest grsde of fuels,

With the higher coat of fuel and the grenter amount of pows obe

tainable from esch ouble foot of sewage gus, 4t 4 definitely indicoted

thot more oxd more ducl fusl engines will ba used in sowege trestment plantas

divzdm total epergy
of the fusl, oquals thearmal
offiolerOVecvsesssannsnnnse “ﬁ'

5. ahey

m )
aaﬁ m& mﬁmtod a*om Mm
end gxhenst PIDingeicsresvesvnes a7

4¢ Friotion loss-fricotion of crarke

sheft, connesting rod snd other
bearings, and plstons, This loss

1 xlso ddasipoted a8 Boatesvesse g

33 -



Tusl Conmmption. Ounrartees of fucl conmuption are expressed in pounds of
fual per net brake-horsepowsr hour st sneehalf, three-querters and full loed
uhen operating o8 reted speel, Puel 0l and pilot ofl corsunptions er'e based
on the highcer henting velue of 19,3350 B,T,U, per pound, Puel consumption of
gomburnizg end ducl fuel dlesels is guerentesd im terms of B.1TU. per ned
mhmmmh boaod on the low hest velue beosuse gesecus fuels vary
widely in heoting velue,

The rinclpel geaecus produets of the dlolysis of orgenis matter
are sethone and oarbor dioxide, The BNV, content of the gas is o funetion
of the percentugs of methans, the terpersture, the pressurs, anl the wetor
vaper in tha gas, 0Ges sstursted with water vapor st 80 degress Yehreshelt,
snd 30 inches of wercury pressurc has, 0 exempls, o et hect valne in B, %Y,
per enbis foot of approximately nine times the psrcantage of methane expressed
ss & whole mmber, For dry gos the fecter is 9.3, Tho entire uet valune is
zvallebls under & boiler or in arx internsl.combustion engine,

4 heet balomwe for o dusl el engine ratod as follows is given in
toble Fo,

9% x 103" « 8 eylinder-rated 306,5 NHP, ¥ 600 RoPuls « 75 Lba, BH,E.P.



~Inble Yo, 7
Heat Bslsnse - Dissel Op wiicm ' {High host value)

pell 3 bY;)

Total input to engine,

BaTolUe/MPescnnn 2,400,000 1,892,000 1,384,000
Rejeoted S0 jooket wober _

BoP e /MPousese 797,000 598,000 398,000
Rajoeted to lude oll, ‘

BuTolu /BP0 v s 138,000 103,800 48,800
Vanlol work, sscecsses

BCT‘uOIh’iititt ‘778'0% m’m m.m
Rejected to axhoust guses

B.‘i‘dﬁ./&r« soBN® 877,000 530,000 408 »900
friction, redlatier and

unpesountod.for.losses,

‘ RS Y, N 110,000 78,500 88,200
Typienl exhaust Semperaturs, o o

degree Foruonre a8 800 480°
Formal Jeeket water Sesp, %. Tmlet ... 1405 Oatlet 1605
Fermal lude o1l temp., . Irlet ... 138 OCutlet 130

Jail SA Y}
Total input to engine,

Bl /M seveanns 2,180,000 1,817,000 1,480,006
Fojected to jooket wuter v

BalolUu/Mrasorsnan 874,000 575,000 489,000
Rajooted to lube ofl,

BTl s renconse 138,000 103,500 48 800
Useful work,

BeT Ve /Measancen 778,000 584,000 389,000
Rajootsd to exhenst guses

BaTla/Mesvnsuses 202,000 480,000 483,000
Triotion, redistion, and

unsaeounted.forwlosses,

ByToUo/Mloannncrasn 8,000 74,500 80,200
Typleal exhmust tewpereture, o o o

dogroe Fovesrsnnss 800 &7 mﬂ
Formel jsoket woter tamp, Pe Irlet..., 1407 Outlet 160,
Yormel lube oi)} temp.... °F, Inloteses 135 Outlet 1350



A$ full loed, fuel consumption = ﬁ%ﬁ T 7100 B.7.0./8.0,0./00,
If pilot ofl =7 800 B,TWU,/HPud®, , then

—‘Wm. _ z 1’&‘,‘%‘ z

Pull Load 3/4 1/8
B, /B0 /iy, Sotal 7,100 7,900 9,540
B.T.U. /P /r, in gos 6,800 7,400 2,040
Oubde feot Mmmt 11.0 18,38 18,0
B, ¥aste Hest Resorery

The heat absorbed by engine cocling weter ard contained in exe
houst geses is epproximetely 60 to 60% of the totdl hest contert in the
fuel, deperding on the oo of snddne,

All the Imat gunteined in the coaling water, exospt smell emounts
lost in rediotieon, s2d obout 50 to 50% of hont in the exhemst ges, ooh be e
sovered L{n hont sxahangers eni used for sludge snd space hesting.

The amount of reco¥erstle heat depenis upen the type of engine
ased, With loweconprossion gos englnes using sdout 10,000 av.mh in fue) per
B E,Peetiry shous 8,000 BJTWUs por B ilPuehr,, or 80L oun be recovored, ¥ith
dual fusl engines, using sbout 7,000 B, 7.0, in fusl per BJH.P.=hr,, the anount
of hect rocoversble is about 4,128 B,70, per B H,P..hr,, or 53¢ of the totel
best input,

This recovered hont oan be ussd efthar in ths form of hot water solew
ly, or hot woter oombined with steom, ae may be required, wWith purchused

w350



'eloﬂrlc power for drivimg plent mechinery, purchased oil or gas would have
mto be used %o prov!ﬁa for sludge and spnoe heating iwvolving edditionn]l sosts,
C. Exngize Oooling

The engine cooling water is supplied by motor-driven centrifugsl
runmpa, of which there is one for esch engine, The cgpecity of the pumps is
governed by the desired temparsture rise of water eirculating through the
engine, Usuelly this tempersture riss 1s sbout 25° ¥, with tempercturs at
the inlet to the engine of about 115° to 128° 7,

The engine cooling weter oycle iz eg followss
After leaving the oylinder jsmckets of the engtnes, at sbout 140° to 150°,
the water is pessed through exhsust gas heaters, or through heat resorery
exhenst silencers, where it sbaorbs all the sveileble hest in the exheust
gas, VTipally, after passing further through water to water heat exohangers
or through sludge heaters, where the sbsorbed heat is given up, the water is
returned to the engine, In utilizing this weste heat, the system muat be de.
signed to aveid any possidle conteminamtion of engine cooling water by sludge,

If the heat produced by the engines is not all rweded for sludge
ard space heading, es for instance in the summer time, the water on ite way
back to the angines is passed through coolers where it is coolsd %o the de-
sired engine jecket inlet temperature, A schamatic heat exohange piping dia-
grem ie given in FMgure Yo, 9.

In recent yesrs, o new system of engine coolirg, known as the
"Vepor Phase" system, hes been developed, Pigure No, 10 shows a typioal
gschematic cooling snd meke-up water dia@m.‘ Before starting the engines,
the gystem s filled with weter and vhen the woter jockets, exheust gas
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boiler, and steam separating urdt of the vapor phase system are full, the
engine mey e started,

Upon starting, the' engine water pump, teking suetion from the
steam sepereting unit, circulates the weter through the water jackets, where
it abscrba.\ the heat of combustion that is rejected to the water, It then
pesses thrc;ugh the exhaust gas boller, where the exhaust waste heat is picked
up by the same water, finally flowing to the steam separating unit, and fome
ing stesm of about 5 to 10 p.s.i.

A8 no codking of the water other than radiation occure in this
cyocle, the watar temperature rises to its elevated boiling point and begins
%o produce steam, At this time the steam is gseparated from the water and
vasges to the main gsteam header to be used for siudge and spsce hesting., Re-
turn condensate together with additional trested mske-up weter iz returned
%o the jackets by the engine pump,

The treated meke.up water is supplied from the plant scurce to the
engine turbocherger for sooling this unit, The water is thermostaticclly
contrclled so as to meintain the turbocharger jacket water at the required
tomperature, After cooling the turbochsrger, the wanter pasaes to the steam
separating unit as mekeeup wetar,

The emount of water required to cool the turbocharger is greater
than theat required %o replace the engine water eveporated into stesm supplied
to the digesters, This excess of water builds up in the steom separsting
urit to s predetermined height when a high level float valve couses the
blow-down valve to openy passing the excess water to the sewer, when the

blow-down reaches & predetermined level in the steam separating unlt, the

PR3 P



low lersl flost valve asuses the blow.down velve to slose,

The blow.down ayele is controlled Ly the cmourt of load imposed upon
the engine, Whenm the engine is fally losded, the dlowdown will ocoour more
frequantly than when lightly losded.

In the event thot steun requirensnts ore refuced, wovisions ere
mads for bywpassing $he wntor srount the wests heot bollers directly %o the
stecn separetors,

The stess sepcators are equipped with a low weter nlem sotuae
ting deviee %o notify the operetor when the water {8 low in the stesm separsting
urdt, Thus the water levsl omn be raised or the engine aimt dowm bafoe the
water recches o polnt low encugh to affeet sirenleticn. The sepsretors sre
also equipped with sefety relecas vslives, so¥ to open at slightly ebove the
nexiotn operstisg pressure of the system, Sheuld the stean process be out
down or shmt off, M@Wﬂhuwlu open and pags the stesm to the
stmosphere, allewing the odgine $0 contime operation for ss long end ab
gs hMgh o lood a8 may be required,

Ip addition S0 providing stesm, the wepor phose syaten has ade
ditional sdvanteges with reospest to ongine operction, Lngive siudging is
reduced sizce operation is sbove the dew point of the cosbuastion guses,
Elistoation of sondensation reducea sludging with sll the remultart bensfits,
It also stops the formetion of mulfvrie esid whioh 12 the product of conden
sste in copjunotion with hydrogen sulfide nornully found in sewsge gas and
other fuels, (losner combustion with sll 1ts ottonding sdverteges including
fuller utilization of funel srs atitriduted %o this systam se well os the eblle
ity to turn row o “sour” ges with 2o bed effects, Other advartoges olalmed
for this aysten aro
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1+ Pastexn Dost Sranafer from engine eylindare to Sl
Junicot scaling waber,

2, Hors wxdforn linerwwsll teperators remltiszg fz ucdfomnm plsten.
oylinder olscrance during the full stroke,

3, Provextion of condensution within the oylinders, rosulting &n less
liver ond platon wear,

4, Imvonned mechenieosl affiolensy,

8, Refused oot of sngine meintenenee,

e starting syston yrovides motive power to tumn the exglme
through soversl sydles wriil fiving sbterts ond the unlt rans on 1%s owm
powar,

The elr for stiarting the angine Lz supplied by moteredriven 418
plasemert Syps etece assts, Ssuslly two in nunber, and ia stored in =iy tonke,
The eaponity of comprossers mud the mmber and sisme of efr tasks depesdt on
She siye ol mmomber of evgines in tho power plant,. The pressure of elr ia
vouslly keps &t 2350 poeld., nlthough moet of the engines will start ot 160
Pail, wé losn, $ims parmitting sevaral ccneazutive starts of sn engine,

A snll gascline engioe driven, or bBetbery opersied comprossar 18
general 1y instsllied for stend.by sgeinet loss of power supply,

ALL the eir used for ombustion mist be thovwughly filtared, Any
Wit or grit that paswed in with Ghe sir wecumilates & the walve passages,
an the velvea and oylinder wall sxrfoses, suasing exosssive oyiinder weer,
HEowevar, the parvics does not require the sostly sutomatie filters nsed o
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asration tork diffusers,

Wheare small engines sre used, the filters mey be moarted on the one
gine themselves, drswing sir diveotly fram the ongine voom, dat with e mmber
of lexge enginea, requiring cossiderably grester quantities of ocombustion alr,
the latter must be drcwn frem the tuteide of the building, This avoids oxeoss-
ive lowering of engine room texparature ir the winter time,

There ore teo prineipal types of alr filters, the dry and weS res-
pestively,

The dry type depends upon febrie stretohed over seversl layers of

ont principle, This
filter conaisgts of gulvanised metel strends orimped and pecked inte fremes end
wotted with o viscous fluid thot yemoves ond holds the dust particles, The
frames should be cupudle of casy removel for clearing, The efficiency of fil.
Sers gradunlly diminishes with use, until the d>y filters ore clesned or until
tho wettieg fluld fs regewsd {n the wed filters,

In all cnses the filler sloments smast be of smfficiently large ores
to mininize the preseurse lsex as the aly passes through. To aveld ton fye.
aert dleanming, 18 4in advigable %0 have their operetine onpooity about 80 te
707 of memfueturer?s roted cupsolity.
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%, lnbpicetion

Lubrication of u diessl sngine bresks down into three perts

1., Providing an ol £iln betwesn shaftas snd bewring mrfases ot mein,
syrurkpin ond wristpin bemrings,

2, Perfoming the ssme fob far comshaft, valve geor ord verious enw
gine suxilieries, end

3. Mrintaizdng en oll £f1im between pistor and oylinder walls,

The oil for bearing lubriestion ond for plston ccoling s dvewn
from the sunp of the engine by a rotary pomp &riven by the exgins and is
faroed through the strefner, ofl ecoler, besrings snd pletons ond is finelly
returned to ths sump, thus insuring contimous flow,

Tor eylisder lubrication, sepearste mechanisal lubricetors ususlly
consiating of & group of small reoliproesting pumps mounted fir e single osadng,
whioh serves oa an oil reservoly sre used., The punps sapply a mesgured QuenS.
ity of ol st ench stroke ond are driven from the engine by an esecertrioe,
erenk snd ratahet, or geering, The snount of 0l) fed by esch oylinder i
umally separctely sdjustadle, Coptrdl 1is bteined by vorying She pap
atroke oy chenging the position of the sleeve ports,

A separete notor driven retary pump L also usually prorided for
ssoh engine, %o be used during the sterting up of the engine, before the lotier
ronohes gpesd and the erngine lutrication system somes to full eperation,

One or two storage tenks, of sufficient especity, with nocessery
transfer pumps, must olso bs ingtalled for otorsge end hendling of now make
up oil,

The lubriceting o) will not ecirculste through the engine very
long withut getiing contominated, This contemimetion is esused by fusl ord
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woter leakapge, condensation, dirt or medallic purticles, curbonstion end
slndge, requiring that the oll be ¢lesned,

The usual olosring devices offer a choloe of centrifugal purifiers,
filtors uaing fobric or Fuller's sarth as filtaving mediwn, refiners, or a
cambingtion of those menns,

Purificetion of lubricating oll c¢on be scocmplished by two methuds,
oontimoxs or bateh processes, In the fomer proosss the wll, or purt of 1%,
oirsulnting through the anginos is contimomgly elenned and thus Lz nmeine
toined in the beat of condition, In the sosond yrocsss, & bateh of oll §s
withdrswn fxom the ayatem intermittetly end put shreagh the cleaning process,
after shioh 4t 48 retuwrned %o the orglines,

The choloe of method and equipmert far lubricsting oil aleaning dow
pands moinly upon the size and typs of englme instelladion, In large power
planta, the desired high efficliensy of purificotion will fully justify e cane
plete though reletively expensive instellotion,

The Geslgn of the leating eguipment % meintsip o desived temperas
ture in the digesters requires o study of the hest dbulanee in the torks, Heat
is recuired to reise the incoming slwdge to the optimanm tempersture ani to
sampersete for losses %o the surrounding eir,

The heat required to raise the ircoming sludge to digester texpere.
ture is shown in tedle Xo, B,
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P emwxbln/ day

Winker

Totel-Dry lba,/Gay
Iiquideslba,/day  Winter
W 201488, 00 n Sunmer

Teperature of Audge
18 Wﬂ - FARRON RS

0,28
8,740
19,100

174,800
362,000

&3

¥illion B,7,U,/dsy Winber
Somner

¥i{liton B, T, Us/hr, ¥inkar
Sumor

0,254
0.318

Y 1V

Cu88
17,280
29,100

345,000
782,000

&8

12,1
15,8

0,808
0,680



Digester Hent Losses

Averege oversll value of best-tronsfer coefficlent equels 0,10
BT, /28, tenk surfece /OF, (Haseltine), This sssumes that roof in-
suleti on is almost equivelent to an sarth sover,

Design eapacity for terks equals 2 oubis £%./ eapite for swamer
pepuletion, or 180,000 ou. %, $otel volume, Ons rofuction was previously
shown o be 1.0 to 1,1 ouble £8%,/ capite, Vaing four-B80 £¢, dimeter tonks,
the volume of eash 2onk fs 45,000 cuble feet,

Depth of snch tank required = 45,000 = 28,9 feet

Tz 2800

Digesters will have flosting covers to maintein o constant pressure
on the gos, Take totel depth as 30 feet,

The totel oren af ths roof, walls and bottom may now be csloulated;

Roof amd floor aree = 2 x ITx (80)° » a.m' s,
[y
¥ell eree = ITx 50 x 30 - L7110
sraa = ﬁ.m “3’ pay
Sank
tharefore, totsl dlgester aves 5 4 x8580 & 34,240 %7,



20 88

0 m »
40 45 154,000
80 5 119,800
80 26 86,500
70 15 81,800
0 5 19,100

Menre Pos 1) fllustrites digonter heat loss by radistior ss o Munge
tisp of tto outside touperatusrs, The totel Rent reguived to heat the alwdge,
toeluding rodlstion, 1s showm kn Teble Yo, 10.

TORRL,

A% e
Jomory %5 80 0,804 0,008 0,18 0,43 0469
Yedwrasry 5 &0 D284 % g.18 O\ 43 Ol
veroh .. 50 T4 0508 a8 041 Ou87
Apwrsd 49 BG 0,204 C.508 OelR Qa7 .68
Hey [+ 3 ﬁom 0,508 G 09 G384 0.80
June 68 a8 0,338 08850 G008 Lo Y 0,70
Jaly " 8% Cu316 0800 G 8 038 0,88
Mguas T8 &8 Ca808 0800 LoD Ce3B 0488
Septesber 87 48 0u3)8 0880 D408 G437 (118
Cotober B8 By 0. 354 0,508 Del0 0S8 9 §
Forember 44 o] 0,804 04800 Da34 Ce39 r,88
Deseshar 35U ] G204 G008 Uel¥ 0448 _Daih

Pobalesenroner &858 7.28
L 2 T TRPORPRRE § % ) 04868
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Consideretion sar now be given to the epaoe heating requivements,
These are distriduted among the pump and power house, sludge storsge building,
grit chawbers, sadimentetion tark gallary, snd the venturi axd gas meter build.
ing, The oscbage, or botsl volume, of thase buildines end terperstures desired
to be mainteined Wisre must be known before the spece hsating requirensnts can
be exloulabed, Sinse these quantities are obtolinsble only after the entive
plank i desizned, the apese heating loed will be chtained frem s plent of
similor size with like clinstic comtitions, The Nookevay Zewege Trentment
Yorks, which was chosen for ceupmrison, has 950 squere feet E,D,R. rodtiaters,
and 2,800,000 P00/ heat tronemiseion from unit heaters,

1 boiler hersepower is ewmel to 53,472 BN /kr,, snd equivelent So
approximately 180 square feot E,.D.0,

-3 =m47a = 375,000 B/,

Thersfore, the totsl apsoe m&m requiremsnts are spproximstely
3,075,000 BIU/iw, A design flgure of 3,000,000 BIU/ur, at O°F, cutside Semw
perature for ths plant to be desigred will bo used, and $he everage inside
tenperature will be token es 60° 7,

Tual requiressuts for both spase ond sludge Meating sre given in
table Mo, 1l,
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Ae Projeet I ~ A1l power derived fyom dual fuel engire-driven generators
usipg eveiledle sludge gee supplementsd with purchssed oil; no utile
ity power, Heot would heve to be obteined from an oil fired boiler
supplemented by thet recovered from engine jadkel water ond exhmat,

Duel Pue) Ensire Heat

950-41 ntex 297054 ntes
Hin, Aver, Deily Mex, Min, Aver. Daily HMax,
Poalk Penk
Loed-kw, 197 208 288 232 382 418 40 484
* Englne ouspud
wiiPw 298 310 M0 42 B0 620 681 7RO
¥Fo, Engines in
" aervioe. k 8 2 2 2 3 3 -
#Mael required. =
sillton Bwﬂw@.i? R0 2.51 2,88 4,81 4,59 5,04 5,33
Hest value of
nvellable ges-
il Ay, 1.08 2,39
Hes$ valve of
gas,with Sfoll- 1.14 2,53
MI;MMQQ"-
Heat rotorery of

Bl 70 /hr, 1.26 2,53
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3250 Surmer
Hine Aver, Dolily Penk Mex, Min, Aver. Daily ¥ex,
Loadkw 1318 X3 M3 404 881 428 688 828
* Ergine cutpus
wHPyovs 419 403 510 60} 837 920 1020 1210
&.Mm in
~ service., 2 3 B 3 3 4 4 4
£ Teel required
sillion BYU/mr 3,10 3.42 3.7 4,45 8.9 6,87 7,58 6.98
Heat valus of
aveilsble goa-
nil BTV /b, o P44 4,60
Hents velue of
ges with 6% oll-
sil.B%/hr. R53 5.17
Healt Recovery of
58841 B0 /0y, .88 3,77

* 9908 gonerator effieiency

# 27400 BIU/HP.~hr.~a¥ersge hoct for 300 B Guel fuel orgine-
Bﬁ lond,

Cos profuetion of 1.0 en, ¢, por ¢eplta used in shove teble,

Daily peck taicen us 1108 of everoge load,

Reinfall will greatly inorease the sewage flows ord plext loed,
Eeinfall in the srec where the plant is losated will be sssuned %o cgoupr
cheut 86 of the time, snd edout 80F of the time it s raining, intensities
ere not suffiolent %o double the dry wecther flow, Furthermers, by 60D
trol of aldr quantities the demnnd during times of ruinfull occn de done
trolled to mivimize oil purchase, The 0il required, in sddition to that
reguired st average load, will therefore be sstimeted ms equiveleus to
rursing st meximon lood 3% of ¢k time, MHence, fusl oi)l reguired for the
engipes will be, using 142,700 BV /gellon for the oil:
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1980-wintar- 1,31+(0,03 x 2,58) & 1.29 mil, BI0/hr, = 318 gal/dey,
~gnere 0,98¢(0,03 x 4.48) 2 1.11 mi}), B /hr, 2 188 gul/dey,

1970wmi nbere 2,00{0,03 x 5,33) = 2,36 mi1,BU/ne, = 397 gel/day.
~gummers 1,594( 0,05 x 8.95) =~ 5,88 mil. PIU/0r, % 3a9 gal/dey

1 3]

Tusl Remiired for Spuse end Siudge Hesting -- Profest I
(o1l quentitios in thousands of gallons) - 758 boller officiency

Meonth Ro. of 01) for Engires Spane Heating Spese Hesting il

Deys 1960 1970 roqutgatm mu;rmntu Rn*a
Jamery 31 847 18,3 1.48 0.70 4,98
Yoiuary 28 6.0 1. 1.45 0,70 4.48
Mareh 3 8.7 18,93 0,78 - e - o
April 30 8.8 1.8 0,37 - o - v
ﬁﬁ,’ 51 5.3 111@ -~ - i -
hm 30 5&6 11.‘ - e L - -
Augn st 31 8.8 11.8 - - - o - -
qutmbﬂ‘ 30 5.8 1l .4 - - -
Ootober 31 6,7 18,3 p.30 - e - —
Hovenber 3§ qu ﬁ.’ 0‘§ mg Qgg:
Decomber 3 , 1. Ou By

It 18 doternined from table Eo, 18 that o avernge of 1,26 milliion
BIU per hour will be recovered in the winter of 1950 ané 2,52 militom BTV
per honr in the winter of 1570 fron the ongine jecket water ard exhamast. The
everage winter sludge heeting requirements from table No, 10 aré 0,40 million
BIU per hour for 1950 and 0,87 million PIV per hour for 1970. There will
atill remsin 186,000 BIU per hour in 1980 and 1,836,000 BIU per hour in 1970,
Say, 780,000 BTU per hour in 1980 end 1,600,000 BTU per hour in 1970, will
be utilized considering inherent losses, Tharefore, the future heating ree

#53e



quirenments will be sutisfied cospletaly by the waste engine heot s shown

in teble No, 18, Yer present hectling requirsmants, the plant mst provide
on edditional 700,000 BIU per hour with an oilefired boiler, BDoiler cape
ssity required S 7 20 * 21 beiler HP. If ons boller horsepower equals
120 square feet IDH, then the bdoller will have 2,500 square fest EDR ainiaum,
The quertity of oill reguired srouelly for heottrg, 13,310 gollons, is come
pated frem Ssble Fo, 13,

B, _Prajest I1 - partisl purchuse of power. iz in profect 1, the heat
resovered from the engine jeocket wantey and exhaust will be supplemented by
on oil-fired boiler, The sowsge pumps will bs direct driven dy spork.iznte
tion gas engines, Thess engines require 10,000 BT0 per HP, - hour, ond the
hent recovery is 80%, The high exhmed Semperatures cni mt csntent in the
angine ciroulating watar and exheust ges, resuls iz the Righ hest recovery,
Table Mo, 14 shows hesst recovery for this scheme, whare the load iz due only

%o the sewoge pusDé.
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Table Mo, 14

Ges ) Hen®
198041 nbey 1970-41 nter
¥Nin, Aver, Delly Nmx, ¥in, &ver. Dsily Eax,
Pesk Pesk
Loalkw, Ba 83 7% a7 890 134 188 198
Eogine sutmt
nm’una 69:? moa 106 115.5 131.3 m.a M Bﬁﬂ
¥o, Zngloee in
swrvise kR b i ) § 1 B &} 2
Puel required.
niilion B /e, C Ol 1,582
Hont velus of
available ges- -
ﬁlMﬂﬂ‘uu 1’& 8.@
Heat rosovery
% 80%eusaes
gx,mm, _ 0,508 0,898
1900 - Sumesen 1970-Sunmer
¥irn, Aver, Duily Mex, Hin, Aver, Dolly Mex,
Pepk Pesk
Loodekw, & 3 118 188 12¢ 188 a3 388
Engine ontpud _
= N 86,5 124,7 188,35 md9 68,2 248 312 Bed
Fo, Engines in
service, 1 | 2 2 2 2 3 8( fature)
Tael requivrede
million m/’-’ﬂ'y 1.847 BAD
Hent volue of
avelilable gose
241,570 e, ... 2444 4,88
Bost recovery
ELOW e, 04748 1,492

* 1 10,000 BIU/MP,-hr, heat rete far spork-ignition ges engine,

Gus produodion of 1.0 oubic faot per czpita used ir above teble,

Delly sewsge flow peak load taken za 1257 everage.

i



Therefere 740,000 BIU/ir, will stil) bs evellsble in the winter
of 1950, of whioh 400,000 BTU/hr, ere requived for sludge hoeting, Approie
imately 300,000 B /hr, will remsin for spece heating, 4n sddftiensl 1,150,000
Y /i, espacilty for present spese heating demsnis mst be provided, In the
winter of 1970, - 1,700,000 BIU/ir, will be svellsbls, 670,000 BTU/hr, of
which are to bo used for sludge hecting, “berufore, 1,030,000 B/, Y-
pain for spsee henting, whiek requires an aﬂﬂiﬂm&@%.ﬂﬂﬂ BV /hrs to bo
provided by en oll-fired doilar, Boiler must ba designed for presert do-
mends, Provide for capeoity of 1] 50,000/83,478 or 34,8 boiler H,P,, ond
bedler will havs 4,140 sg, feot TUR minimum,

The quantity of oll remuired anmally for spsee henting 1s shown
below in tadle Ho, 18,

AL { g ) ﬂ.f ‘*, 5l e L :fg,,;“‘,,ﬁ;: 50 - N ¥
Month Yo. of Speos heating Spese Heating 041 Required
daye Requirements Requiremente {109 guilers)

{mil,010/hr,) with of)l

{mil, 2900 /o, )
Ag%0  A9%0 19%0 1970
Fauery 3 148 1.8 C,42 8,14 2,97
Toloaery 08 1,48 1.18 0,43 788 2,69
¥Yoarok ) § 0,73 0,43 - o 3,08 o« o»
mx S0 0,37 0,07 - o 0,48 -
HBV ) - - - e - - - - —
Jane 30 - - - w. - - - o -
July 3 PR - - - - e -
Mﬂ n - - - - - - - -
m‘m m - - " - - - g - e
Mm 31 GM L - L - e
Horember 50 0.80 0.50 - — BAY o
Degwmber 31 1.3 098 082 .75 1,5

TOMAL wee 89,18 7,28
Reating requirenenta with oil cre 20,180 gnllona snmielly, and will de.

erecss to 7,280 gellons in the futuare,
»S6e



G« Projeet 111 - ALl mtmt oporated on purvhesed eleatris power, Thare
are no engines and sludge gos will De useld for digestion Serk heating, with
deficiensy, 1f my, made up by purelmsed oil, Feat of evailable gus &5 o8

fallows:
1980 e 1,08 x 10° PO hr, 2,44 x 10° PO/ 0,
6
1970 e 2,39 x 10° W/, 4,86 x 10" BTG/t
e e
1950 e 04 x 105 BN /ke, 0,36 x 10 BIU/mr,
1990 < 0,67 x 106> MU/ne, 0,86 x 10° B0,

Considering spece hesting requirensme, ss shown in the other
sohenes, it 15 seen that fature geas production will mars Shen satisfy bdoth
apone ord pludge demanis, Por the prement, sludge gas will be sapple-
mexted by fuel oil 4n & doiler fived by combination gas end oil burners,

Tual requivred for present spuce heading is coamted from table
Ho. 164 puge 58,



Table Yo, 18
Puel Requived far Prosent Suage Heatim .-  Profssy 177

Homth Yo, of Spads Siudge Totul Availoble Gan o1l
deyn Heating Mootlrg Heating Sludpe Defiotoney e@
Romive. Poguire. Fapdre- Ops ¢ m;.

ment o nonts ety

— - Billion BR/hr. -

Jomgery 81 1,48 0,43 1,68 1.08 G, 80 5,87

Petguery 28 1,48 043 1,28 108 0,80 o1z
" Kayeh 81 0,75 (Y95 § l.18 1.08 0,08 Daaft
AM!. 80 #.3? ﬁgw D nﬁ LB - e - e
My n - O,34 G54 Bob - - -
m 30 -~ 0;5? 0.1‘5‘ ".ﬁﬁ - - eraw
m 3!‘ bl d QQ% Q.% @g“ LR -
W m bl d e{@ QQM 3&““ - waw w
SUpLORdATI0 - wm 07 0,87 3.44 - -
Doteber 31 Q80 8,30 0,88 X2 - - —-—
Fovenber 30 0,80 Ged®  L.19 1.08 Sul) Ca?B
Desamber 31 1.98 8.4 1.8% 1,80 G b0 4,18

Totill » 18,14

Fotler will have 5,780 sg. feet TR slnlzun heotlng swriond,
Gapesity of bodler onusls 1,880,000/88,472, or 35,2 bedler He 2 Prox teble
No, 15, 16340 Gollons of oil zre roquired enmally for spuss huseling.



V. Egonomic Evelustiorn of Proiects
A large pext of the comstruction ccat of o mewage trestnent

plant {rvalves work below the ground or even below weter Jevel, ard the
oost per m.g.d. cspeoity for the entire plant may be estimsted ot 31850,000,

Stractures will be amortised on & 40 yeor dasis axd squipment on
& 20 yeer basis,

| The construstion oosts of the instelletion under the seversl pro.
Jeata veory considerably, dus %o the varietions in eguipment, Unit prices
of the severs) printoipesl itams finvolved in the various projects have besn
estimnted an follows:

BUDSLIUCTALOB ssuvsvessenessesrsesevilol0 par cubla foot

SUPEIBLIUCIILEs sasercrnssnrerrrcesss $0,88 par oudlo foot

Hotor Ariven SOWEEO DUNDS .cs.eeseo3875.00 per .00,

Engine driven sowcge PUMDS ....s. $8000,00 per H.G.D.

Hotor Ariven DIOWErs cvcsesoveseers 3,28 par o.fonm,

Boglne gonerstors ssscecscennssse $202,00 por K.V,4,

Elpotricel work and equipment

Comected to purchased eleotric power,, ?@.OD par H.P.

Cornected to genarsted ol ectric power., 320,00 per H.P.

The sbove unit eoets sre adepted for mamfacturers quotetions
and from revised sost figures of plents already in operstion, Cost dste
and osloulations sre foand in the eppendix, seetions 2 to 8,



Pixed Chwrges; /imortizetior of all equipment will be based on 20 yeurs
st 336, oguivelent to 37,0¢ per 3100 of construotion cost, imcertization
of struoturss w1l be based on 40 years ot 3j%, squivelent to §4.2 per
100 of comatruotion cost, The fized cherge rate covwra interest md dee
preciotion enly, using sinking fund deprecistion, The plust is avempbed
from property ond income toxes, Insurance chorges will bs taken as 1%
of the initisl finvestment,

This prejest, eas previaudy deserided, contemplates tha come
bined use of slndge gas supplenented by mrehased ofl to drive dusl fusl
agine-genarotors and generate the power requivemssts, The prineipsd
squipment is sa follows:

Tour sewuge purps of the verticnl Yype, rotes as follows:

O8G, ToB Magele, 0n0, 10 Beg,ds, ond two, 10 n.g.0,; 35 foet totel dy-
senio hend; motar driven by mmnm surrent,

Three retory, pesitive dlaplesement sir blowers, sech with o
otpaotity of 3,000 a.f.m, st ¥ pounds per squere inch pressure, mobar
driven by generated currect.

Three, 500 H.P, Gusl fuel engins-gensrators; ull suxiliary
equipment to be motor opmroted on gensrated power,

The nlitimate installetion would include one additional 1D m.g.ds
sewcge pump, one 5,000 0.f,m, blewer, and one 300 H,P, dusl fucl engine-
ganerutor,

The generzl crrepgement of the pump und power houss, ingluding
the ebhove squipment, ia shown 4n plan snd seotlion in Puvgurs No, LE-folded
insert in book oowver,
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The cost tatmlations ore besed on the following:

Overell pump end mobor ffiCisDEY .esssecrccscrvannsssecs 738
Blower off101000F seeerseesnrsasnsssonssnsensonsecnssnace 7106
Zngine Heat Tete suavsosncssrvansecssessnses T400 BIU/ER,/hr,
Hoating boller sPPLolen8Y sesceseccsennnssnnsnrsnsvosanscs 798
Heat sonbent of alodge E28 scescssersssness S8 0B/ ou. 04,
The estimsted comatruotion cost of the puwp snd dlowsr dutld.

ing upder this projost mey be smmwariged os followe:

BUbSLIUOtUT Sy o o o875, 518 ou, £, 2 31,00 cusnveceress $3410,000,
Superstraotiure. (362,000 eus %, 2 $0s88 vesrecvesvss 308,000,
Hoter dviven sewage pumps 47,0 m.g.d. @ $678 ,......  41,M00,
Hotor driven DLowers,,..0,000 g.0u, © 33,28 ,e0ues m.m.
REginowznnerabuds. e PHO EVA, O,8 Dol 380840000000 151,800
Bleotriasl wark ond equipment sueceecissnsssvessress 48,000
PAPIngG end vElVO8 sevvssurenenssaresvsvnancansusonas 200,000
Bonting DIAnS .cavsesssncrnsonssnnsssesscorssrvessnes 25,400

Contingenoies 2 8% of estimated construotion cost... 685,800

TOMAL ESTIHATED CONSTRUCTION OO veyeonsooodl, 185,220

Pirxed sharges for @is projest are computed as follovs! wee
BULTNEnt ,00eesB3T9,480 © 00708 vecrovncesenss 386,700
Structures, ate, 783,800 9 D,0868 sreesessersore 36,800

INgUrERO®.cioriansrsvons IR ceevennstascecanen _ ulm
TOPL, ..  $74,938



For the ultimote plent uﬁut&ml squipnient will bo required for whieh
the Lxdsiol cowt und fixed oherges are estimeted es follows:
AeEnglusmgonsrutor «— 380,400 2 0,0004 ceusessrsesarsens $3,5004
LaBlowsr, BO00 daffew 6.3‘0‘3 30,0708 ciensecsnanvnsras 7
IneSewcge pump, A0 m,Qede-13,100% Q0708 Loucursnsnecnorns m3
LOMITEUOB soaosnossnssesrnasNenssssssvenerorirsiorsavnegss 482
ADDITICL COSPS vosesns TP0,080 sonvesnnsrrnvsnsscreneny 94,960,
TFITEAL COST8.vaecens $1,165,220 suaevenserasacornnooczsn V4838
TQIALS TOR ULLDNATE PLAME 41,835,260 4evsvessrarcorcsssaseresi?9,900,

Anmel opecating cosis for thia project noy be mewarisad sa followsy

e N AR P
| S
v T Th
AEFS 9 ARy

. sl

Purchased ofl fov power,,.. 36,608 318,060
Purohssed ofl for hestirg,. 1,080 R
LaBOF vesveessoonsnsesorsss 30,800 39,500
Mcinbesence and mizpiiss .. 1,178 1,787
Inbricetiog Al essssaverss 0% 988
RODELY CREXROR seessecerves . A85,000 28,000
AR (PTATING 0OST ouevs  $65,907 373,008
PIXED CHAROES enevsnenvesns 4,902 78,903
TOBL AL COFP oeau,o $140,919 $182,990
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This projeot will have the zein sewoge panps 4direct.driven by gne
wnginey valng sewage ges which 1s sveileble, The rest of tho powes domand
of the plext will bo furniobed by parchunsed eleotricity. The principsl
eguipnant L9 as follows

Pour ges onglnesdriven sewege pomps of the horizontel type, rated
ts Tollowst one, Vb Begefe, one, 10 mu2.d,, tad twe 15 nigedeg 36 Coet Sotnd
dynsic bosd,

Threw moSor-drives rotavy, positive dlsplacenent olr Mowers, eseh
with e capocdty of 3,000 o ful, ot 7 pounds par square Lpol prossore.

The ultinste fnstellation would inelude one sdditiom) 16 m.p.d,
ges engine«driven sewegse pump and one BO00 ¢.fJs. bliower,

The general wrrengsnent of the pump end power house, fnsluding
the shove esuipment, is shown L2 plen end seotion ip Plguve 1S«felded Lnserd
in bmek eover,

Tho eost tstalations we bosed on the following:

Semoge My ofLLOleBOY suvsvsvseres cprnes YOS

Blower off1018007 susssrseracsrssnserease V56

tna sngioe wa* Teke ... 10,000 5I0/40/hr,

Heating boller affioledey sesessceserarss 758

Hout oontont of alRdge guB seesncssnsssans G50 DI ou 0l

The sviimated cosatrustion ovet of the pump exd blower bullding
usder this projeet nay be owmerized as followst
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SUDSLIUCLULS vavevrvsevers voo IT4,458 cu ft, 2 31,80, 0u¢.00 $418,000,
SUPETHETUOTUT®e v vssvrssorcsnve 385,000 oUlb, 2 $0485 veeess 276,000
Ges onglno-driven sewege pumps-47.5 m,g.d. 2,000 suuese 98,000
Hotor-driven blowers...ceees 9,000 o.f.m. & $3.80...0400 £9,880
Rléctrical work end oquipmart .eseasesrsacsssvsssccacrsnserse 27,000
Piping and volves ceecovsssonnosanacssansntssnussssnvsnssresss 100,000
Heating FLANE suuscuveessssvaveesoresvavoasasossosssnsevenses 185,880
Contingenoloes @ % of sstimated construction 008t ceeeeess. 57,130

TOPAL BITTMATED CONSTRUCTION OO0ST wueveveescnss $1,009,260

Pixed cherges for this projest ore ap Tollows:-
Bauipment ceeseesee S264,130 2 00708 coeveresecacss $18,600
Strugtures, 050, .. 745,130 @ O,0868 .esrseevencess 34,800
INMUPENOO +ooenvesncovsnsneoe @ IF covrnarersrreceass 10,098
TOTAL sesescoss $63,543
For the ultimate plaont, additiondl equipment will de required fox
which the initial cost anl fixed charges are estinmuled es follows:-
l- Blower, 3,000 Q.f.za.,........msa,aoo 30,0708, 2457,

l. Gas engine-driver sewsgs pump- 15 m,.g.d4,
$20,000 @ 0,0704,, 2,112

INSUPANO® secacansscsesssenntsassaspnsnnsestenness &

ADDITIORAL GOSTS eevvesvesessa  $36,800 92,590
Imm m I FXYR AR ERFES X X 19@3% 53‘5“
TOTALS FCR ULTIMATE PLANT suvvansases  $1,045,760 $66,138



Ammsel eperating coets fop this yrojeet mey be summerized as follows:

Sepis of Design

AL 90,000 Population

Purchased ofl for heWng veveseeeess 38,354
LODOR ssevasensnsonsacrnsnssrossnncss 59,800
Maintonanse snd supIlos cesesossscees 20D
Lubriceting oll c.usessnrsrsossnscses 110
Hopol® ORGrges cevssevsvesnsoenacasse 10,000

Parehased 8le0triolty sevesvseveennne &.4Wi

ANNUAL CPERATING OO3F svesvesonsasss 875,698

PIXED CHARGES sasvsnsnvaessssasnoeves 83,548

TOTAL ATIUAL Q0T sueqeesanee 187,179

Ultinnte
180,000 Populetion

gave
$39,500
398

219

10,000
$8s,7%
88,15

182 077



This projest contemplates the use of purolwsed power for 4riving
all equipmest, Hludge ges will be sveileble for building end digestion
tark heating requirements supplemented, in pere, with purehased oil, The
prinoipel wquipment fa as follows:

Your, moter-dsriven sewngs pumps q!' the vertiesl type, rated ss
followss One, 7,8 m.g.8., one, 10 m,g.4., end two, 18 m.g.4,; 38 Lfeot
total dynemic head,

Tiros moter-dxiven rotsry, positive displocement air blowers,
ecch with a copeoity of 3,000 o,f.m, 8t 7 pounds per sguare inoh preasurs,

The ultinete inatallation would inelude one edditioma) 15 m.g.4.
powege vump and orne £,000 c.f.ms blowar,

The genmrcl orrangssent of the pup and the power house, inelud.
ing the ebove equipment, 1s shown in plen and seetion in Figure No, 14, -
folded insert in beek cover,

The oost tadulations ere dased on the followingim

Oversll pump and moser officiensy....... 73%

Blomer 0f£100D8Y usssearsncoresnsnnenes 755

ENZING BORS TOYS cevvvssnvarsonrscscasse 7,400 NI iPubr,

Heating boller offl0lent¥acsscsssvaceves 700

Heat content of sludge gef...sessesssoss 850 BTV /ou.te,



The estimnted corstrustion coat of the pump and dlower bullding
undar projoot mey be swmmarised os follows:

FabBETUOBULE conscvoncrvrcorvsssssBB0,878 ou ft,  $1.50.,0..4443376,000

FAPAPEUIUOINULOuu v s vorsssrovoesrsesIL5,140 ot 8, 2 $0,85,,00440 866,170
Hotor-driven gewage PUEPS....veeesd?eB Meguflyus SR80, 00000, 41,500
MOtOradriver DIOWErS. s cerreanssned 000 8ofema .. @ $3,85...,. 29,850
Eleotrical wark and OGUAPMOMYeeieresnsesssesnsrosnnssarararses 54,000
PApInG and VELVES sanseertvavasosnnccronssrsncvasssnraonasasse 100,000
Houting PLARE sevuvesesesesnsecascarnnssssrsssarssasscnsessncy 135,800
Gontingensies = 6% of estimated construction 008 .esessessces 52,080

TOTAL ¥STINATED CONITRUCTION COMeucnenrovsnssvonss  FOS53,320

Mxed charges for this projest are as followass
Baulpmert yavvessecessssrns Qm.m & 0,0708 sanenece @1&.830
mm‘* 0% nusurnrnans 894,700 & 0,068 ,uveees 358,800

IRSICBBOO sseeesoornuvranss anensvene o 3% sesrvnsenes 9;%

mtti‘iiﬂ.an’\ti.lic 3&'8&
Por the ultimets plant, sdfitional squipment will be rejuired for whish the

initia) cost and fixsd cherges ars sstimsted ss follews:.-
1-Blower, 2,000 0,fulle seesse I8, 500 2 00708 iavareee $457,
l-Gewage Puap, = 15 Maelaee . F13,180 2 0,0708 sovevsees 923,
IRBULEOOO seesesovssantasvossoarsnnssssssrsrvnssorstonts 14,
AGQ4%10n0) COBES vuvvenonenseollP 080 cornernsnsesvannas $1,504,
IFITIAL COSPS vaseerevoceses BT IB0 .oisvvarosaverenee 58,868,
TOTALS FOR ULTIMATE FLAMT,., $052,940 $60,047,



Apmel opersting costs for this project may be mmmerized sa followsie

Parchosed oi) fov hﬁa’&iﬂg SRR RNS S 31,“1

LODOY susssranercrnrsntoasvarsrensy 3,100 $31,100
Eelntessnee, supplies, lulrieating -
L T S 1,880 2,150
ROPOATE socveanscvsrnnssonsoacsons 7,000 7,000
Puvchesed elaotriety ccveverences 33,870 81,148
ANSUAL PERATING COST ..e0ee, 379,561 $91,396
FIXED CHARGES seveevcoscocsos 58,688 80,047
TOTAL AMNUAL O0ST ...eeve  $132,284 $151,423



SDSBIUOMUN wunernoness 410,000
Superebrt ot s s cavsnen 00,000
HoterwDriven Sewsge Purps 41,5%
ErginoDriven Zewnge Pumps P—

¥oboreDriven Blowsrs «.e» 28,800
ERgine-Oenavetolrs soveves  AELB00
Zeotrion) Work snd Bquipmens 48,000
Piping cpf Velves .unsssee 100,000
Hoesing Flond sevvecsness lg,420

Contingesnl el cuovsnsunes .ﬂ‘m

m a;a‘é WQ ﬂglwtm
MAIS OF DEX O eenere

ADDITIGEAL POR ULTIMATE

PLAYE ssnvseneseosons ,,,A_,&g‘ D020 _‘m

PURAL, CONSTHEORION SO
%mm#nadnvuqﬂtiva nimlm

100,000
12,880

57,130
$2,000,360

al .m,fﬁﬁ

BAATS OF DESION..cnnns ERLN -
VIXIHITE enonrsvvasnsns 79,901

19,680

8988,940

368,863
40,087



Item Project 1
Operating end Tobal Anmal Costa---Desis of Design

Purchased “lectric Power.. ——
Purchased CLl for Power,,. 8,608
Purchesed 041 for Heating, 1,080
LaBOP tioeevrecessnesesass 58,800

¥eintonanee, Supplies,
R@mng 6Cheveeirnas 16.839

AXNTAL CPERATING COST see.. 345,987
TOTSL AYNIAL GO3T seneseeve 140,919

Project 11

39,600

10,309
473,636
137,179

Speroting ond Yotal Anmcl Ocgha--Ultimabe

Purohased Sleotric Fawer.. ——
Purchased 011 for Power... 15,840
Purchased 011 for Heating  ewweawmw
LoDO® sesssesnssenscnrnees 39,8500

Helntenance, Supplies,
E.ﬁuﬂ, [ 1 1. YR 1‘?.7‘9

ANMIAL OPERATING C0ST..... $73,080
POPAL AKNIAL COBT seeveese 152,990

=70

36,047

10,614
$86,739
152,877

Project 111

53,670
1,891
31,100

8,580
473,561

51,144

A

31,100

2,130
$91,378

151 423



¥I, Gepslusions
Ao Disoussion or Heonend o Bvelustion,

X% s determived by raference %o Toble No, 17 that purchesing all
power requiremonts is the least expensive of the three achemes, Therelore,
the oocnomic aslostion £or the plent considered is the purchssed powsy proe-
jeot whare both somstruotion ond totel enmel costs cre lowest,

The geseraticn proposuls necesssrily involve higher sanstruetion
costs for the power plent beoouss of the sdditioral equipmen$ and lsrger
building apace which muat de provided, If, therefors, pertial or somplete
genaretion of power requiremants iz to merit considerstion, the totel ene
mal oosts would heve to be less then purchused powsr, Ik aldition, a fuets
1fiadle return on the ndditionsl imvestment should be presented,

It must bo recognized, however, thot the studles made are valid
only for the particular conditions considered and prevmiling, Sinoce cons
ditions very depending on locstion, & similer anelysis mede with other coOle
slderations might yield o different resmilt. £lso for a largar plant, hovre
ing & higher rotio of ovaileble gos to power roquiremonts, the decision
eight fevor gezerstior, 4 more unfuvoreble rote then ls offered by the
Consolidated Ddison Co, of liew York ocould essfly chemge the ogmplexion of
the preseding snslysis, Rlectric rates must, howerer, he oredited with
11}, for exsmple, whieh is rsturned to the City of Few York os texes, The
importence of the downward trend of slestrie power rates further pleces tie
ftasue {n fevor of purchosed power,

However, the use of angs.m and gensration of power mokes possible
o nore complete utilisotion of gas, whieh 18 o by-produet of the sewape treat
ment procass. The savings derived from the operation of = larger pleant than
the one considerad, may mske possible 2 higher grede of dewoge trestuent for
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the seme gost, for exemple, sotiveted sludge as compered with sedimente.
tion.

Regerdless of the souree ¢f powsr rejquiremwit s, the sanitery
benefits derived from the digestion of aludge ars not to be deeamphosized,
The futurs polioy of Few York Oity*s trectment will be to &issard offen.
sive mnon-digestion awmage treantmont plerts. The evelladility of e high
grode fasl obtsined from the digestion of the siudge emphasines the nee
cessity for perfomming sn csonesmic anslysis to deoSermine the merite of self-
genarstion of power requirenents,

B, Dissussion of I ible ¥

Iz e foresguing only feoetors upon whish a monetery value csn be

pleged heve basn considered, Thore are & mmber of intangible Teoters

hoving s bemripg upor the ssleotion of the type of egquipment erd power to
be used, The more impartsnt of thewe L¥ems e as followssw

1. Converience of motar driven pumps,

2, Plaxibility of opawration of enginsedriven bleowers, pumrtioulerly
the rotery positive dlaplacement typs,

3, Limitetton of Tlexibility of opercti on of motoredriven blowers,

4, Disedvantoges of motoredriven hlowers vhere gem engine gererators
ere usad from the standpoint of starting losd,

8, adventeges of self-conteined power scurfee nt the plant versus
outside power souroe,

8, Paliey as %o development end use of cll potential power,

Regarding flexidbility of operstlon, engineegenerctors ore to be

fovored ss cmpeared with blowery o pumps direct-connegted to englnes,
A1) plent equipment oan be driven by the engise.gensrators spd the engines

e



set b all of the sume sime and fower in mumber, The overhmling sxd re-
puive of eny generatar anit will not disturd the normel operstion of the
plant, This sdvantage froquently sompensatos for Sho irorensed efficiency
geipod by elisiveting clectrivedllosses between on engine md n pump or
blower, smounting to abwut 15 per cent of the power developed by the ane
gire,

If the pwsps and diowers are divest comreoted to ongines, each
engine st be sultable for fts driven unit, snd sre oftun of different
stzes, If the ergine bLreaks dowm or reguires inapeation and overhsul, the
ontire unit becomes idle, More spare ports must be oaryied in stook mnd
usually nore floor spece is needed to scommodate the larger mmber of efie
gines, A oombination of direst-srgine drivon blowers with ell other equip-
nont oleotrically opersted is often sdepted since Wlowers ususlly cdsord
ebeut 50 per ocext of the antire plant loed ot syerege flow and ore & foixly
constant losd.

Aelestion of the mundber of engine.gonerators to do used reguives
sareful considerstion. Though 1% mey be mors esancmicsl to use twe or three
large ocuposity engines, reliebility, acweniende end oom$ of cperstion may
fevey o lorger rumber of smaller engines, This gwoids interruption of plent
opsretion whers, ssy, ore unlt is being overhauled snd onother bresks down
wmeapectedly. I% sleo avelds plecing o lerge copaoily engine in service for
slight insreuse in plant losd.

Loother fostor that muast be considered in designing the power seb-
up 1g that when & new plams is started up, ocomsiderable 4ims elopses befure
gos 13 produced in sufficient quantities for opersting the engines, If ges
engines ure used, during the interim, 1t will be nesecssery So purchass util.
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fﬂrm The cost of gus and ges fueilities uuwmmum&mum.
MMWMt«mlﬂsamﬂmmMmldlnMﬂm
'mm.uotmmmm!mmaq have & Alativet edvaxtage on this
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o,_Closure
T heve sttanpted %o proscnt an anslysis of the encireering end

seonosie decisions whioh are invdlved ik e powsr study for o gewnps treat.
pent plaxt, OSinoe this study was mode for s hypothetisel plamt, not yeb
designed, certain simplifyirg asssumptions wers necessery in the apyroach
to this problem which will not ardinerily hove $0 be mpde, Ths rosults
of thias thesis, o2 has been emphnsimed, 2ro not to be tckon ss sbaoluts,
but rether as = solution obtained from conditions considered,

It is hoped that similer eoontmic smalyses will be meds fur
other sewege trentnent plants and that this paper will bo s guide in thet
direotion,
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tion 1 Celoulstion of Power Roguiremonts,
BElower delivery.{c.?.n,)~-averege flows:

Frosomt uture
Hater Summer  Bimter Sumer
0.8 ou.i%.ulr x 10,000,000 gal/day
gol, sowoge

24 x 80 min, day

# 5470 o.f.m., 5,808 8,940 10,410
Toke T84 Noner effisiency {rotary positive displecenmsnt klewars),
Hoed = 7 Posefs X 146 420 x 0, f8. = 13,490 f4, of air
82 .08 1,

HPe 3 = 108 xw, for uversge
progant winter flow

presext suwsmer flow

H\Op' : W P GQM x m S m ﬂc?l - 83.3 h. fw “m@‘
08 futurs winter flow
wne, = & 485 H,P. = 37 kw, for evorege

fture sammer flow

mhom B



1) winterwpresent, filow = 10 n.g.d,
toks owewell officionay = 730

average flow = m”mv;z_ax _kx_&_: 88,4 = 08,000 1b,min,
N *

2 BAS HP, = 63 kw,

2) mumer.present, flow 3 15 m,z.4,
take overall effiolenay = 74%
svarsge flow «= 87,000 1b,/min,

= 1848 H,P, == 93 kw,

3) winterofuture, flow » 20 mg.de
toke oversll efficlency = 4%
sverage flow g 118,000 1b,fmin,

w124 kw,
4)

4%

H

toke overasll efticiency
average flow 2= 174,000 1bv,/min,

H;pa -4 %'M»M;i aﬁ - m ﬁ.p-. : m k"

The roesults of She sbove suloulstions, es woll 23 those for
mivimam end mextmom flows, ore found in table No. 2, Page 20,



Plant Your Instelled Low Coat pur

Pully H,Pe né Ingbolled H.P,
Buffalo ¥Main Pumping Stetion 1938 4050 8107,000 326,40
Buffale Pwping Jtetion 1937 350 13,490 38,50

Heotrical work and squipment conststs of the following:
1) undergrourd duot and conduit system
2} conduits and supports, boxes, anl £ittinge
3) wire snd onble
4) main switohbosrd and berchboard
8) pansl ond oeantrol enbiocles
6) tronsformers
7) motar-gonsrator sets
8) storage batteries
9) lighting fixtures

Cost per
Plant Your Capaaity Instelled lLow gost perr YXnstslled

Patls  ¥.0.D.  HP, M4 oOsDo HPy
Buffelo Matn P.3, 1938 720 4080 $328,000 gt 380,20

Buffalo ¥,3, 1997 118 3% 35,240 ns 100,50
_ Cost por
Plapt Your Capaoity Inatelled Low Cest por instolled
_ _Balls  O.PM, EP,  Ble  OFM. WP,
Peorin, T11, 19m 35,000 1,578 935,563  41.08 322,60

Werds Ysland,
Fow Tark City 1938 288,000 18,000 388,610 1.63 30,7



Plant Your Jupoalty | EV.A, Low GCost Goat per
Buils Ew, M4 per ke,  K.ZVohs
Toledo 1938 800 750 $80,000 3138 107
Plant Yeoor Capuolity Instelled Tkl Ot Cost per
- . MaGoDa HoPo
Tellmans Ia., | ‘
.5 2K+ 1939 100 1,080 #1m,.008 §1,08 $140,56
Mlant Yorr Cuepacity Instolled Lew Cost Coat pe
Cu Pl Py
Teallmunsg tﬁc. .
%.Y.C. 199 60,000 5,500 218,677 $5.38  $128,67

Plemt Pumping oW foad
M"* ggmtg m ﬁ i ﬂ, Gaﬁ.
Tellmens Yo, TOW 100 BTN R T 3
Wards Yo, 1936 540 498,054 924
Substructure
Plont Yeer Oubie Total vt
Duils Feut Jost Gont
Tallmans Is, 1539 858,900 $487, 980 $ 0,744 par m.It.



Plend Yo cuble Tobal Unit
o BalN ey cmt  cost

Tellmans Ialavd 19% 920,680 $411,088 $0,443 par ou. .

Eagineedriven equipment costs: Contas of sngimeedriven squipment ware
obénined fron meammfusturers, The bdreckdown of the engins-gererator
inatellation under Projeet 1 L2 os followst

Engloes 1 3 - 300 NP, 2 $35,000 #108,000
Spere perts: 5 x 3108,0000 00000000 5,400
Auxilierion: 2% x $108,000, susesns 27,000
Piping: $12.00/H.F. % 200e0ses —r 2800
$101 500



Seetion 3 « Labor Costs
Labex costs are one $tem of operation of the pump and power

house instellation. Under Projests L omd 3, the following persomnel,
based ox thras-wateh oparetion wre aonsidered ossential, nnh.mﬂ
selsries insluding frings bevefits, such s pension, soolsl security,
npemploymert insuronce, etes | .

1- Ohief Enginesr e Di080L © $4700s000s00000. . SEIN0

4= Apsiatent BrEineera-evewe~ DAOSSL % $5000ss,0e0cssnss 16200
9= Ollers and Leborers ~mwwew ] m""““'ﬁ&; ) 19600
mﬂntvvuu;bqaﬁm.m

Por Project 3:
ﬂfgtﬁtimﬁ‘ Pagiroeors weeweww Risetrie & @m.unn m
S.Ansigtont Enginews , Tleetrig = awminotcci 11100

Al DOFOIBesnsssrnarssnsurnsossenssnsens O MMQM

Tokal o:uwt”}qm



Theas ohnrges will vory with tho size of the engine inatelle
gtion, Tor purposes of this study, the sosts of suoh ftemn 42 mony
cperating Dlessl engine plasts for 1942 have been Feviewsd und are swe-
nized &n Toable No, led,

Ohorges for those itess are ousentially metters of judgment
as published dnte show wide variation smong plapts of eimiler sime.
study of mors reeext svelleble A.5,M.2. reports indleate the Tollowing
as reasosnble shargzes for engine installettons:

Molnbonano® suecseasnscrsesnsres J0,0008 por K 0.0,
MPPlinfessecnrissancorsssassnss J0,090 per 19,7,
Lobriceting ®dlessesvecrssensees 1 Sullen per 3000 K7, N,
2 $0.80 Cal,
Repuir ohexges will be tsken s 318,000 per yesr for Frojeet 1 and
$16,000 per yesr for Projest 2,

Similer ooste far slestricnily~driven eqmipment are diifi.
oult %o obbeln and ere relstively amall in amount, Date for plants
of the Chieage Sanitery N styist sro summarised {n Teble No. Bwh,
For purposes of this stuly, for purchssed power instelletions, as
Projest 3, & value of 50,0008 per K,7.H. hes been Seken for mein.
tensnoe snd smpplies, and $%,000 per yesr for repaiva,
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Project l-Normcl operatl onepresent = 2,300 H.P, engines
Horped operatiop-future # 3,300 H.P. engines
Present power load & 600 H.P. x 0,748 x 2¢ x 368 = 3,920,000 kwahrs/yr,

Oostas
Yeiztonnnee oni Supplies = §,000% x 3,920,000 = $1178/yy.

Lutriceting 041 & 1 gel, 3000 kw.hrs, x 3,920,000 x $0,50 = $483%,yx,
Repad? Chal@O8 seececareerennsonsnpsrsesnerarssvvsness  S15,000/re,
Puture power load = 900 H.P, x 0,746 x 34 x 3685 = 0,800,000 kw-hrs/yr,
Costss
Hol ntenuses and Supplies £ 0,0009 x aéwo 000 = 1767/yx,
'

Lutricating ofl = 1L g1/3000 kw,lirs, x 5,890,000 x $0.50 = 3988, /yr.
Ropall SUETEOE soceoensoessssonossanosossnsnrscnansonssns ;%15,096./3!".

wintar « &3 ke,

Profest 1l-liormel operofiotepreasnt =  mmmer « 93 kw,

foraul. opernidl so-futere = winbar ~ 184 kw,
surmeyr - 186 kw,

Present powsr loed = {03 x 24 ¢ 218) o (93 x 04,1583) = 683,000kw,-hrs,
Y.

Costa
¥aintensnee snd Supplies = O.0003 x 662,000 »  $199,/y»,
Lubriseting oil & 1 el /5000 kw,hrs, x 682,000 * 30,850 = $110/yr.
Repold oLOYE08 secrsencssrtrssstsessnsssnvanvesss 510,000/ yr,

Poture powsr load & {124 x 34 x 818} + (186 x 26 x 183) = 1,315,000
'MQMQ

Kaintenanse and Supplies 2 0,000 x 1,818,000 &« 8m98, Ayr,
Lnbrienting odl 2 1/3000 x 1,318,000 x 80,60 8 ¢a19, /yr,
ROpoly ONETOOB syppnernocnvesnsanasnstorss ngm%lﬁgm'ﬁ/”'



Period of Instelled

Hillione of  Totel Goat

Records HoPe E. ¥ K, Camts  per X NLH,
{4 yes) {total)
Herth Side 1238.1941 18,190 .08 262,807  $0, 000827
Celumat, ., 1859-1941 9,578 81,907 s,m 0, GOOL30
Yeat 9ido, 1938.104) . 180,748 36,541  _0,000887
Aversge 4 yomrs 13,384 158,281 isz,601  $0,000301

wPenfren



mgﬂt B~ M‘% Enarey & 8

In somputing eleotrice) epargy costs, the Consdlifated Bdisen
Co, of Yew York's Service Olsssifieantion No, 2.Cenersl rate will be
used, This is as followm

les 10 K W.=hy, or less $0,78
70 2 0,088
380 2 0,08
1,100 2 0,040
3,500 B 0,088
6,000 2 0,09
5,000 3 0,038
8,000 2 0,08
60,000 3 0,00
170,008 5 0008
orer 35,000 & (3,008
lees 108
Gemend
.'M b Ko, 0.
Next 30 K.¥ 7 §Ra00/K.¥,
78 E.W, 2 8400/K,¥,
900 E,¥, & 1.00/.4.
over 1000 @ 1,00/%,.¥,
less 10%

10wl



Project S « All puvrehased elsstricity (presem)

Present eversge demend - wirber = 800 kwee . 7 monthe
- gumaar % 311 kv~ for § months

ergy-wirter = 208 kw, x M x 30 5 200,000 X,#7,H, per month

~gumner S 311 kw,x 24 x 30 ® 284,000 K.¥.H, per mordh
'Energy cherge-winter = (10 x $0,78) ¢ (70 x $0,088) 4 {320 x $0,080)

+ (1200 x $0,08) + (3800 x $0,028)
¢ (8000 x 20,019)+ (5000 x $0,013)

v {0000 x $0,008) o (60000 x $0.000)
+ (120000 =x $0,008% 4 (200000 x $0,003)

= $2,488,86 x 7 mo,
Z 217,421,95 Less 10%
Soergy cherge - sunmer » $3488,85 4 (94,000 x §0,001)
‘ » $2784,00 x 8 mo,
S $13784,28 less 10%
Damand charge - winter 2 (b x ¢} 4 (30 x $2.50) + (76 x $2,00) 41@@5..@)
« $2534 less 10%
Demand charge ~ summer = $200 o (211 x #1,950)
= $2,580 less 107
Toke) olarge wish sll purohessd eleotrieity (presem) 2
$17,422 ¢ 313,764 4 82,004 4 33,080
s 436,300 Less 10%
& $33,6%



R & §23 kw, for U months

Irergy-winter & 416 kw, x 24 x 30 = 300,000 K.W,H, per month
osurner = 883 kw, x 2 x 30 S 448,000 K.W.H, per momkh
Energy oherge ~winter=57,.50 ¢ 85,85 » $16,00 4 $44,00 4 367,50 «» $98,00 »
§75.00 +560.00 « $540,00 « (170 030 2 io.ew} »
(80,000 x $0,008) « {500,000 x éﬂ&&)
% $3,455,88 x ¥ no,
S 324,071,935 lese 108
Tnergy chorgo-smmmer = $3,458,0% 4 (148,000 2 $0,008)
f * 34,608,800 x 5 =0,
2$23,104,25 leas 10%
Dmand charge-winter = 3300 » (318 x §1,80)
® $6v4 x ¥ mo,
2 84,718 laes 108
Dunend chorgo-sumner & 3300 - (8523 x $1,80)
= 3985 x 5 weo,
® 34,935 leas 10%
Toksl chorge with ell parehessd clestrieity (fature) =
$94,072 &+ 323,134 « 34,718 4 $4,928
$08 029 Leas 10%
$51,1486

wlBwhe



Presset sversge demerd.winter = 140 kw, for 7 months

-sannar £ 218 kw, for 5 mouths
Energy-winter.l4S ke, x 24 x 30 & 104,800 K#H, per mo,
~Runmer-218 kw, x 2 x 30 = 107,000 X¥H, per mo,
Erargy ohurgewwinter 2 &7. I@%.:ﬁmz an.sz g;; v gg‘?agg’-r 395 o
tmt.m ; .eﬂlt)* W0 E O "
s $1,433,05 x 7 nma,
3 $10,088,.35 less 108
Energy charge-swmer & §1,435,05 4 (83,800 x £0.013)

* $3,015.85 x § mo,

% $10,079,.25 less 108

Demand charge-winter & & x 0« (20 x §3,50)¢ (78 x £3.00) « {68z 91.50)
* $06%.50 x ¥ ma,
= Q’IQan leas 1@;

Demand cherge-saumer z $s00 ¢ (118 x $1.850)

357% x 8 mo,

$1,585 less 108

H

"

Total Charge (presert) $10,048 + $10,079 + 51,872 4 §1,888

$23,081 less 104

$21,498



Pature aversge demend - winter ~ R98 kw, for 7 norths

- suemer ® 437 kw, for § months
Energy-winter = 292 x 34 x 80 = $10,340 X, W0, per month
summer @ A7 x 34 x 30 ¥ 314,540 K. T.H, per month

Tnerey ahergs-vister = #7.50 ¢ .08 - fis. 4 879,80 o 396 4 978 ¢
2 Joto, o 11300363 x 96,011)

* $2,561.50 x 7 months
= $16,530.50 lees 108
Energy sherge-summer & 85 143 .80 ¢ (39,760 x $0,011) « (64,640 x $0,008)
= §3,516 x 5 months
» £18,560 Less 105
Demend cherge-winter =  ga50 o (192 x $1.50)
S 4488 x 7 merdbhs
2 $3,418 lass 108
Damand ODerge-summer s $800 4 (339 x $1.50)
S 4705 x © monthe

= 43,8525 leas 106

Pokol eher:s purchasing pert of power demand (futwre)
® 516,531 « 416,580 » 53,416 4 3,828
= 340,052 lens 104

= §36,047

wifewfio



geetion 6 - Cost of Fual Oil

Diess)l olil requirement for pilot eil, and to supplement siudge
gas as engine Miel, are computed as follows for nrojeet 1:

Prosont
S Engine fuel conmumption = 74,400 gal, emmally % 7,400 BYU/HP-
hr, heat rate
Pilot oll-6% of total = 444 BIU/EP,Nr,

it

Hoet aontent of oil

142,700 BTV /gal,

Formal operation - 8-300 AP engines,
800 x 444

Total pilot cil cost « 1,865 x 24 x 365 x $0,008 = $1,648,

n

Therefors, pilot oil s 1,885 gal,/engline-hr,

Puel oil Cost = 74,400 x 30,095 = _$7,060
Tot i power oll cost » $8,608
Tuture

Engine fuel consumption s 142,300 gal, anmally
o 7,400 BYC/EP-hr, heat rate

Hormal fuature operatiom s 3-300 H.,P, englnes

Pilot oll = 90D x 444
3,7

Total pilot oil ocost

2,80 gel./engl ne-hr,

1

2,80 x 24 x 368 x $0.098 = $8,330
Fuel oil cost * 142,300 x $0.085 13,510
Totel power Oil 608% cueseresve 31508‘0

-15-A-
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