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IR-&Ihmdkcok pxwides basic design ~ .M* ~f=*=Y-
frm extensive reevaluation of facilities. It ia mtmkrl
experiemxd EWKMW ad engimers. ‘he critcxia pmsen&l is fortha
design of stationary diesel-electric gemrating plan& for prim ani
~/ememynq duty. Plannirq factnrs are provided for plants

~- ~ cqeneration of .5ti2amamvor hot-uater for other uses.
~~fortiitY” ~m, eqJilm’Emta@ications ad the
typs of WstE+Eat recovery cycles available for Cogenemticm are also
pmvidl+. Dete ard criteria rquin2d for design of diesel-electric
zdw:lhags imluds information on the mice CdqoIy .ad ths typ=s

u=.==, 9===to= ~ ~iti ~==s
of pxer ad fuals available, other plant location f~,
~ of varicus plant
leads anticipate.

umership options, al-delectrical ad thermal
lksign criteria are imluded for dksel-eqina

auxiliaries ad fmmiations, voltage ratings, generatmre d exciten,
Umtrol wiring d Cmpmen&, piping, insu.latim, wrm6ion protection, .3rd
for varicus other design factom. Guidame ispided to assist in the
design of diffsrent * of plant Ction W of mmtmdad plant=.
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‘rhishanibm khasbesndsveloped fnmlanevaluation of facilities inthl?
S1’Klreestabli.shmnt frm suzveys of ths avaihbility of nsw mab2rials and
CmMnEtion d, anlfrom selection of the best design Practiesofthe
Naval Facilities l!igimeriq Ckmnrd (NAVFAmMaH), OthsrmWnVent
a9ancies, w the private sector. ~~’==~ l=bl~-
mx.hunn extent fa3e.ible,mtional professional scciety, asscdation, ard
instituts stamhde. Deviations fnnu this aiteria, in the plannirg,
e@neerhJ, design, ad umsbxtion of Naval ahora facilities, cannot be
uadswithout ~iorappmvalof NAmXmGCCMHQCrde 04.

132signcannot rednstaticany nurethm the furctiomit Sarves or the
tschnolcqies it uses. AccOni@ly, Kecmmmations for hmm=ent al=
mccmqedandahculdba fumishdtocmmniiq Officer, Naval Facilities
B@lssring mnnnani, Sakhern Division, Cde 04A3B, P.O. W 1006S,
Umrleston, S.C. 29411-006S, tslqhore (803) 743-045S.
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Note: Design manuals, when revised, will be converted to military handbooks
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This hendbook ia issued to provide immediate guidance to the user.
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section 1: IN3mu3crmN

1.1 ~. mte e.rdcriteria prwided in thie handbdcapply to the
deeign of diesel-electric gewazatirq plante for navel chore activities for
prim el’detardby/eMmJerq duty. C!osleiderationefor -KpLz3t.iq the
cxqenemtion ofet.eme@hrhot water toeatiefy exprt heat loads, ortn
gemrate additional electric -, are @dress@.

Pi=e.I-El=tr ic Generat.i.mPlant m l?d.ahalxbc& @dmssee
Xticmary dies.eJ-ele&ric generating plante of A * types: Prime CUty
al-dStedrby/mHgmcy w ~eic 9==z=Iti Plente. ~_~ ~ the
el~ical loadewhicharezemed byeechereaddrezzd
Qudance for plemdrq the deeign ie pm+d in NAVFAC 12+4.01, D- ical
Enolneerw .

. .
Pmlimirkwv Deeian Cmsideretmns ,Sect.ion3; endh the

National Fize Prote@a“on Aszocla“ tion, (NFPA) No. 70, National E3.ectriml
Q&, (Nm) .

Deflnltl
. .

“ve ~icms ?u?3Calide Sped.fiCetione. The Navy hae prepard
% definitive deeigns ani guide *f i-time for ~tionzq
dieeel-electric generatisq plarki which are aunnmrizd in Table 1 ee b

=F=iW=m==timmti (lq,
definitive deeigne far each duty type.

‘iq guide specifications, ad

Table 1
SumaIY Diese3-Electric~ting plant NAVPAC
Definitive Designs erd Guide Sp3cificatione
formtylygY2e en5GeneIatin3 cepecity Rdngee

I Duty Cenerat ing Definitive Cuide I
Type Capacity De8ign Number Specification I

Prim 10 kW to S00 kti None Available NFCS-16208
501 kW co 2500 kti . Oenign 1 NFCS-16202
25o1 kW and lar8er DeSi8n 2 NFGS-16203

I I
St andbyf 10 kh’ to 300 kW None Available NPCS-16208
Smergency 301 kW to 1000 kW Design 3 NPGS-16204

1001 kW to 3000 kW Design 4 WFGS-16205

1.4 USF!9Q: Definitive deeigns exe available for keth prim du@ @
for atasiby/5naqemy dyty plants (refsx to NAVFAC P-272, @finitive Ceeime
for Naval Shore Facilitiee, F@rt II). Naval mcilitiee Guide Specifications
(NFGS) have been prepared for each design. Guidance cnntxihed within this
harrhd my be used b tiilor definitive deeigne .m5 guide epe=ificatiom.
‘I& a&it.iosnl Naval Facilities Guide Specification, N’EGS-16208,.Q&sQ
m~- -10 w to500kw PrjlleDltvsJnl“teem lowto 300 w

~# is available without a definitive deeign. This
guide specification is ~ forlsse whareetan5ad asm3rcia.1 unite are

1
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t13beprcalrW5 one or tm at a tim as pert of a building construction
projti or for single unit replacment.s. Note that definitive Design Nunbsr
4 ard the assmiated NFCS-16205, M+er+=nerat” mq Plants, Diesel Electric
~Oesim 4) 1001 w to 3000 W Stanl%v/me???encvmtv Unite, is not ~
for etaxlby/~ duty generatiq units above 3,000 IcWin capacity:

1.4.1 NAVFAC Oefinitive Drawims Unless otherwise 1- drawings apply
to all designs (i.e. 1, 2, 3, aml 4): Title of applicable drawings are given
bslm as follcws:

1403463- Synbl Lqerd
1403464 - operating Flmr Plan, -i~ 1
1403465 - 8asemmt Flmr Plan, Design 1
1403466 - tildiq Ismetrics ard section, Design 1
1403467 - C@ratirq Floor Plan, ~ign 2
1403468 - Basment Flmr Plan, Design 2
1403469 - Wilding Ismetrics ard =ion, Design 2
1403470 - Cperatirq Flmr Plan, Bign 3
1403471 - Sui3.dingIscnnetrics.?m5Section, Design 3
1403472 - @emtiq Flmr Plan, Design 4
1403473 - Euildiq Isomtrics ard =ion, Eesign 4
1403474 - Typical Wall Sections
1403475 - Miscellamo.ls Details
1403476 - Iubrimtirq Oil System FIw Diagram, Designs 1 ad 2
1403477 - Lubricatiq Oil System Flm Diagram, -igns 3 ad 4
1403478 - Fuel Oil System FIw Diagram, -igns 1, 2, & 4
1403479 - Fuel Oil System Flow Diagram, Design 3
1403480 - Radiator Cboliq Systm Flew Diagram
1403481 - ~ or Natural blirq system Flm Diagram
1403482 - Cbnpressd Air ard S@ce Heating FIw Diagmn
1403483 - Miscellamcus Machsnl“ml Details
1403484 - primary ElcdXiml Dm+ina Diag?an, Designs 1 d 2
1403485 - Primary Elsdrim.1 One-& Diagran, Designs 3 ard 4
1403486 - Station semi- Systm _Line Diagram, Designs

lelli2
1403487 - Station Service System Dm%.ne Diagram, Designs

3aId4

2
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Section 2: FCX.JCY

2.1 Pk’=J=-Fm=tr ic GenerstlIu Plant Design Diese.1-electric
=? @m sha.13be designed to satisfY,ei&- prim duty or

emzgamy duty electrical semi= rqumna& in fulfilling the
tiqmrary or p2mdnmt mission of a naval activity at the lcwest life-cycle
m. mis hmibook isnothtsmlsd for portable generating units.

2.2 Naval activities will mmally b
pnnfidsd with ScUrces of electric psmr. Sources include Collm?mial
~ ~~ ~sctric 9==% Pi-. W MI@= m tYI=S of
eoumes requi=d dep=nd on ths mission of ths facility, activities taking
plaoe there, ard the sxbtirq equix. -if ic design criteria for
various typs of facilities are mferemesl in their design manuals. Guidmca
for sizirq, ca.lculatiq electric loads ad ~ for specific design
featuxee are mntaimd in this hambook arrlin NAVFAC 111-4.01,Eleztrica3.
Fmmleermo .

. .
Prelmunarv Dssicm Cunsi smt.ionq.

. .
d

2.3.1 Prti m El=== ic Gemrati.m Plants prim duty electric
9==* elan= am Cleaignedfor mnthlms -ice arxlare sizsd for pak
electrical demd during normal p3aaat.im opamt.ione. Omtimms samicz3 is
dsfti as Operaticn-saxce@iq 4,000 hmrs Feryear or when aplant is run,
Orpl-=qled to benm, lmz= thsn40,000 houmwithinths i.niti.alloyeaz?30f
-~o= o Aganeratirg plant isalaoamsidersd totepri.m dutyif itis
the only amrus of electricity, regm.dless of the qaratirg achdu.le.

2.3.2 ~. w 9~ * P1* Op=mtillg fawsr ~
WPwaerbqplti i.awnsidemd asbndby/=sqmcy duty plant
aslorqas itisnotelso the prim eouzm of electric ~. Ssveml types
of s&ldby/ ~@YP1-ars~b Satisfy titllimxyani
zqulatcq Kqmmmn& within theunilXrlstab2s (U.S.). l’yp?sereqlained
be.lwtaltwillteaddmesd sm~Y = ~/==q==Y thmqhmt the
remimkr ofthishalxbok ‘nlaatan5by/sm?qslq Sourcsof pcwsrstlallbs
sized to setiafy mbi.lization d meqency loads inthe eventof anoutqe
Oftheprinkesouma of pwar.

2.3.2.1 Elsctri Salrce. The Staniby scuzce of electrici~ for a
facili~ is sized for thecndn.hnn essmtid
thscapacity of the prim

Opemtiqload. Whmaddsdtc.
acurce of electricity, the Ccnllbiredgenamting

capacity mstbesufficient tosema theestimted peakelectricdemurl urdar
mobilization cmxlitims.

2.3.2.2 Elec& ic Souma. -~ scums of electrical
~ is to ~ida ele=txical service to vi~ qemt.ions whanem— there is
an mbmuptlcul of theprilmaouzca of e.kctricity. Vital cpsrstione are
those activities therein an “mtxmx@ion in electrical supply can be
tolerated for only a rdativaly short pried. Fbr 02rtai.nqemtions, the

3
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ri==.-~ “onmybe eelrqas4houre; for @here it is only a

2.3.2.3 ~ ‘ le (Ne+reald Fwer Sum lies. uninterruptible Fo.ter
Supply (UPS.)systms are required for certain el~ “c equipent ard for
other quigment ~ormirg critical fumtione which cennot tolerate any -
interruption. An U’R3ey5tem prwidee amtinucue ~ free (regulati)
electric ~ @ contains a &&texy bank whi~ “flcats-on-thelim. ”
~/~ diesel-electric generatms are provided to taclcupsuch
=4 &~l~~ i=t=illationa mnmlly arn2sized to supply pcs.rerfor

2.3.3 Electrical Loads. Facili~ alectricel leads, defB in NAVFAC Ill-
4.01, are categorized for eati e.lectriczdacurce.

2.3.3.1 FrinEuw Lead. ‘l’heprimary lead, which includes the critical bad,
is the ~ electrical deraml UMIer peacetime corrlitions.

2.3.3.2 MinimIM Essential ~ tiru Lead. This coneti+atee the minimum
eldxic load ~ b eupprt absolutely essential _tione.
Illumination is re3uc9d tothet!arendllimm all conveni~ at-dother k-ads
are euspmkd. ~fer to NAVFAC tl&4.01 and to UE Natic9n3 Fire Prwt%=tion
Association, I.m,. (NFPA) No. 70 National Electrical Cede (NF.C); Articles
517, Health Care Facilities, 700, ~ @ 7’31,.%’=&f&=
StaMbv Svetem for epscific criteria erd guidarn2 in determrmq

2.3.3.3 Vital Ooeration Lcade. Vital qerations are defined as those
activities where an outage will cause the lees of the ability b perform
primary missions. TIE lees of the ability to satisfy these lcade could
resultin~ eibmtions or in extmm Safety hazards as cmpared ti
minor dieruptione ard inconveniences.

2.3.3.4 Criti_ Ioade. The critical electric lmd is that part of the
electrid load which mquiree cmtimms quality electric _. Examples
imlude facilities @ as hcspitals, dry dccke, shipyade., cold-iron
ewlmrt, eml thcee facilities witi cmpkere or electronic equipmmt, as
fcxll-dh data pmcese irq and conmnmicatione carters.

2.4 Plannir-uConsiderations.

2.4.1 lfe~cde of Satisl%”m2 Electric Loads. The follmirq alternate
mthcde of eatisfyiq eleatric load dmarde should te coneidemd:

a)

b)

c)

d)

e)

rehabilitation of existing equipnent,

mplace3mk of exietirg inetallatione,

new installations,

caneolidation of electric ganeratirg installation,

ucdernization,

4
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g) m.ltiservice -ibilities, for exanple, one electric
~~ Plant.ti Same mm than one installation, or

2.4.2 Evelwtim Fa*I=? Cnnzider the follmd.rq factore when plannirg
adevaluatimJ tyFesofamz&s @ when selecting electric gmerai%q
facility ~ ad ayatem:

a) actual loads, such aa eleztricel lighting, miacallanzms p.tar,
heat, refrigemtion, etc., @ their duration,

b) ntibi.lization~,

c) future expansion plans,

d) pezmmme of the electric generating plant ad the facili~
which it eerves,

f=) ~/=IBIY—Y electrical lode ard ~,

f) p&ntial for axymeration applications,

g) utili~ rate etmctum,

h) ccmthum intqriw of utility service,

i) effects of plannd energy Cmlsenmtion measums, m

j) e-t exp=ri=k= with other electric genamtiq pl~.

2.5.1 ~. ~ sources (electricutility
x=) W1 be tiiz=d for ~ erti soume of eldxi- pcx+a.runless
itcente pmventhat itie ~orunmeccmmni~ forthe@vermmt
to perform the aemica. The psaibility of i.m?uci.qprivate irdmtzy to
mdartab thaqeraticm lmlztbaexmlind tefore GmWmmmtmlEr5hl ‘p ray be
umsi~.

2.5.1.1 Rirtv Fi.nanc~. M ~ fumling of mjor facilities
= ~ d=.1.lbe vigoruuzly pursud for facilities within the Unitd

(Refer p DEPm 85-3, Cefense Ei’vaqyPrcgram mlicy &mrandm,
es A major facilities mangy

_ is defirn+ as”a &j& af 50 &t or mm of a Plant with
=_ enaqy @ of 100 million Eritiah therml unib (&u) per hour (h)

‘Ih.itdparty ftuk3.@mndetaof contractiqw ithaprivateaector
fim f& the mmtm=tion, Opemtion ad .mmtemme of a major facilities
~ _ 1-M on a Defense installation.

5
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2.5.1.2 Coordination with other Aaemcies. -~of-ti-
Urban Develcpmnt (HUD) is ccordinatiq third party financing of district
heating systems to revitalize ecomunically dapmssd inner urban areas. HUD
has a prcgram of mt&bg block qants tn assist nnmicipalities in attracting
private capital. In wtxm areas near Defense facilities, HUD muld lti to
have the facility energy ~t ~ ~id~ = a -file ‘~ lmd”
of euch district heating or ccgeneration plants. The plicy of the
Wpmbmnt of Defense states that, ~tion with, d support of, suti
beneficial programs SPOIEO- bY * Federal ad 1A agencies should be
givm within the boude of the installation’s legal authority a-d with
primry mneideration given to continued, reliable mission eupport. The
initiator of any third party contract should omtact the local HUD regional
office. The military @arbnmt enter@ intoathizd prtycontract, must
coordiwke with the lccal utility provider to minimize any adverse rate
iqxKtont heirmstmwn3 end prevent infrirgment upon the utili~ cmpny’s

rights to seine the area.

2.5.2 CkJverlmmt mnenhip . me Governmntshall cwnard operate itsmn
source of electric ~ if justified by any of the follmirq factors:

d Camnercial scurcee of electric ~ ard personnel are either
& available or are not of sufficient gmera ting capacity or proximity to
ueet the load demamli.

b) EccmYmic studies irdic.atethat substantial savings to the
~ will result fnxn cwning W operating an el~ic g— ting
plant. Fconmnic studieesha.lluse thetrue ccJSttEISis(tiLK1.irqall
a.llocatableitems of overhead ad personnel, an5 a depreciation &
ma”~ funi for equ.ipuantrepla~ t d repair) in evaluating
GovernmXIt ~P. my thw cnsts which wuuld remain LU&EUX@,
mgardl- of whether theservices werecwne30r~, may be neglti
in these analyses.

c) Abmnnal or fluctuating military electric derrnrti,~ to
& current ard uvbilization ~ ,thathasdi
~~ may justify Gove.rmmnt

smuragd private

~P.

d) Coverrmmt mnership my & justified when there is demm5 for
==@- cmmm5 control tn avoid cmprcanisirq highly classified .==ie
information.

e) The need for complete dmilitiization prior to final ~,
of certain types of military equipmnt may justify Government ~P.

f) Dther masons clearly dmmstratiq a particular Govemmnt
cxme3 .elactrim.lpmer generation activity to be in tha public interest my
justify a Govermmt ‘=n==hiP.

2.6 F@.1.Selections. ~f= tO ~t of ~fensa (~D) 4270.1+
Cbrstruction Criteria Manual, -on 9-1, for policy as to seldon of
fuels for diesal pacr plants. ‘Iheinitial orprinmyfuelehall ke the one
that isthenmt emnmical in ope.raticmmnsistent with availability @ air
pollution Contrul m@mmnte . All facto= should be considered, such as

6
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the lifecycle cc6ta of * tion, plant operation,
m the firirKJof fuel.

~, H*,
The capbility an3/or space to retmf it alternate

fuels ~riee e)umld be prwvidd with the initial design ard Wmtmction
Where thechance exiskoflosirq thesLa3rms of primely fuel.

@liabi3,itv and Metimalmlity.
,..

Diesel-electric genemtirg pl-
~d be designsd tn nnximize qerating reliabi.li~ ad ease of
meintsmxe 8paclennu5tbepxwided ermndequipE.llt erdlmqmmtslf oreasy
access. &ls ahm.ld be prwided in multiple unit installationstn

-~ activity tak.irqplace on cme unit frm intarferirqwith
V- ~~. ~ die=l-ergins ganemtor sets are requird for
electmc generating plants in amorddme with the applicable duty type
criteria. Packaged electriegenerat.ing units my ke caneidered for
stan+alona installationstut they m,st oauply with explicable criteria.

2.8 i?conmdc smldiee. All new or nudified plant ~~ ~s
shall consider suitable alternative mthcda to detemine the met beneficial
or cost-effective mthcd of acmrnplishmnt. All emnoulic anelyses Stia22
follcw the policy Se alt2insd in SEZNAVINSI’7000.14, J?conmic AnelvsisarKl

EWaluation of Naw Resoume Manecmrent. Ltfe-cycle cc5t analyses are

~ f~ economic analyses. Forinfcmlntion erdq$ance+ prfom@l
lifeqcle mat arnlysis refer to NAVFAC 1%42, Emnonu ArEllvslsnanltc+

2.8.1 ~c 8tudv Anecunmic etI.@isrequird for:

a) evaluating Gmammnt VazsaleCmm3rcial ~Pt

b) eveluati.q third party fu@i.q of electric generating
facilities, (DEPFT485-3),

c) investigating* electri~tirq tsdlnology, Sudl es gas

--- ~ diesel-electric genamtion,

d) evaluation of ccqemration applicability, ad

e) evaluating various design elt.ermativesonce a qecific
tschnolcgy has teen selected. 8udl evaluations may i.mlude the selection of
a-l~eystmtypeor ~thenmker ofganemtir sebti install
within a single electric genem+ki plant.

2.8.2 f Amlvsl EWa2uation of Gmsmmmt Vemms
d CwnX%ip m; ~ing lif~e cost analysis cless

“~ Plann.irqAnalysis” ~ II, es defined in P-442. lllsosee
k 8S-3 for qidance ad life-cycle eomomic analysis ~ in
Svalumi.ngthildpartyflmiilq. Another eannmic etudiee shell use the
life-cycle cceitemlyeie Cless 2, “Ceeign Am.Iyeie” mthcdolqy, ee defti
in P442.

2.8.3 tif~ e Bidd.i.q. Lifs-qcle cnst emlysis shall ke etmqly
cxmsidered for evalutian of bid quotations for prim duty diesel-electric
gensmting plants. mr details ad guidmce in prepariq spfdfication
lalquega, -ct. NAVmQXCm4, ~ Division, Q@e 403.

7
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3.1 Introduction. This section defines the data that met be developd
to establish a@_neer ~ design bases a-xito evaluate between various design
arklamershl“p altermtives.

3.2 El~iml Leads. Electric loads should be de~ carefully to
~ti.q plant cmpnente prqerly. The dumtion .3rdsize electric g

variation of electric loads shculd be detemhsd to provide inputs to
~ +ife-cycle ~ ~y== ~ for various clauses when tailoring
NAVFAC gude qecif icationa, (refer to Section 1) for prmummnt p.qxsee.

3.2.1 El~ic Lead Determm‘ tion. To determine the el~ic load that
the plant mst satisfy, utilize the lead e5timtirq data desxilxxl in NAVPAC
U.-4.O1, E.kArical Ihqineeri.m, Frel” “mmem Eeeion Considerations. For
retrofit pmj~, the lcce.1utility my be able to supply load duration
cumffi frmn actual metering recmds.

3.2.2 ‘lWical Electri@ Load rmrves. Figure 1 is an example of a
typical e.bdrical lead tie.

3.2.2.1 Growth Curve. In Figure l(a), note thenomal trerdofgnm.th in
electric deuards arxithe additioml loads (steps) when new buildings or
P~ are addei. Eevelqnnent of this data ani preparation of the grcwth
curve is useful in thing additions to pmer plant generating capaci~.

3.2.2.2 Averaqe 24-Hour Lead curves. The average of daily electrical
demards in Figure l.(b), shw~ 24-hour variation in seasonal demards, is
very i.nprtant. .S@l CllNesar eusefuli ncleklniniq load factors, the
dmation of certain demrde, d in dividing the total electric load anurq
plant units. This infonration is a ~ factor in life-cycle cc6t
analyses to bemK?uctd when selecti.rqamcng alternative designs d
&m &iguratione.

3.2.2.3 Annual Imd IMrations curves. Plot the duration in hours, of sad
load during a year for both present ard future lead auditions. lRe typ2 of
curve shown in Figure l(c) is useful in deteminiq load factors ad in
eizi.q electric ganerati.rgplant equipmnt. Information from this curve is
also ussd in rqui.rd life-cycle cc6t analyss5. Clratiom of plant electric
loads at full load, ~ load, srd at one-half load is a reguird
iqmt for tailorirq NAVFAC guide specifi~tions.

3.3 D.rtyd Camcitv I@auiremnts for Electric Genemtim Plants.
.%ucesa rd~+qpsofekctric generati.q plants are definsd in Section
2. Table 2 smmrizffi cqacity requ”uxmants asrelatito eachduty type.

8
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‘IWle 2
Sumary of m .wxiCapacity ~

D. ty Duty Capacity

me Capacity Provision

Purcha. ed commercial
electrical power to match

Prim Duty Adequate to meet all eleccric load

p... e,i=. mq. i.ene.t. or
Prime duty electric

generating plant

Adeq.. t., when added to

prim d.ty s..r.., t.
match mobilization Purchased commercial

S t.”dhy/Erae ,sency
need. electrical pow..

Duty -S C.3ndby
and .1.., with

to supply minimum esa..- ,tandhylemec&ency duty
tial ●lectrical load i. electric &enerating plane
. . . . of . prime source
outage.

Adequate to supply chat

Stmdby/Eu.er&a.cy
part of the critical
load chat rm.y not be

sLm.+./eu,ergency
Duty-Emergency

i.terr. pted for m+re
electric genera ti.~ plant

3.5.2 ~h . In addition to electrical load infoxmdion, information
~ thenml loads must be develo@. Table 4 eunmnrizes thermal lead
considerations. High d lW temperati or p~ loads should be
tabulated separately.

3.6 Clm21clistfor Facilitv Interfaces. ‘l’able5 is providd se a form
the designer may fill out srd use for easy ref~ to iuportant design
~. Guidance for cxqletiq the form is pmvidd in the follcwirq
paIagra@e based generally on criteria or data given in Section 5.

3.6.1 E?@rE?.

3.6.1.1 Emim-Gemm tor Set Il@ Imiicate the electric genemtixq plant
duty: Frim LXxtyor StaMby/Elm2ryXcy mty.

3.6.1.2 Number of Diesel.Emine+emm tor .S.4s. Enter themmlterofsete
of ~ genemtiq capacity to & installsd. Justification mst be
fumishd for use of mre than one size. Whennrrrethanonesizeist ibe
installed, prepre a separate * liet for qch size ad imiicate on sad
of the form that there are additional sheets.

3.6.1.3 Generation Fate. Imiicate the design load b kilowatts per
Cliti-erqti geneIator set.

10
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Teble 3
Diesel-Electric Gemrati.q Plent Lksign ad Iccation l%rtm?s

1 ten Sub-1 cem ti”c9

C1ie4t. ffazimm ..d ei. imua Affects .Lrvct. ml ..d he. ti.s ..d Vmtil. tiq criteria.
dry bulb; e,oximua wet Affects o.l.cc i.. of e~i.e auxiliaries and the rati.~

bulb temp. Re. ti.. ●nd of the p,... toror u.ito.
cooling de~ree days. A[f.ct. architectural de. i6n of the plant.

fhxirmm and minimum Aff.cc. fm.ci.g .ad .tr.cc. ral criteria.
wiod V.1OC1LY.

Alcic.de HeiBht above . . . level. Affects air d.noity, stack hei~h t., e.gi~a rating.,

P.UP ch...ctecioc ice, arid a.xiii.ry .quxpment rating..
ffa. imm hish-vat. r and Affects floor level., P.-p suction lift. a.d f.aund. -

Iov-wate* 1.”,1.. tie...

Site .rie.tatim -ante, at lm.d, Affec CB .oIc. s. drop. i. circuits.
Air field Affect. #tack bc. i~ht. and b...rdn.
Dock., r.ilmc.ds and. Affect. trmc.p.rc. cim of f..l and materi .19.

road, .

water ●upply Jacket and other cooling, Affect. voter tr.. mmt and filtering
makeup wateradd den., - r.q”irem. rm,.
tic w.c. r. Affect. mlecc ion of c.olins .ymte= Cypee.

TopoSrnph, Site Scad.. Affect. architecture and scr.ct. r., and floor levels,
fuel hmdli.~, .rd d.. im~..

Soil-bearing v.1.. Aff.cc. otr.ct. r.l Ko..dociom.
water c.ble Affect. dr. i..se and umler’r...d pip. di. trib. ti...
Fr.8c line Affect. depth of water ..4 newer line..
C.tfodi. a..ly. i. Affect. ..thcdic prote. ti.. r..q. ircsm. ca.
Saismi. condition Affect. type and de. iSti of structure and supper t..

Future exp... im Affect. allocr.tim of .P.c. in and mound plant for
Av. ilabil icy .Xpm. io”.

L08.1 sateri.1 ●nd Availability Aff.cc. materials of ..n. tru.ci.n and op. c.ci.s mm-

lab.r p~..

Local rules and Air pollution, w.c. r, Obtain Permi t,.
regulations .ewer., and fu. i ,c. r.gc..

Safety and ..m.rity See Dfl-1 Serie.
protection.

Fuel .,td lubric. t- Bulk and lcu.1 stor.~e, Aff.. cm plant Iwe. ci.. and ori.macioo and sic. are.
<q oil s.pply .1... and dirty I.b. oil req. irerimto. Check 10..1 cede, rqardimg double

.Corq., Cra”sf. r cmt. imn..t for oil .c.rage md Crm.f.r pipeline.
pipeline., tank truck for buried portion. of .Ysten.
Ioediq and ..l.md t .S
f.cilicie..

Plant interior Sp:m end ace.,. dime. - Aff.cc. oystea Co” fis. t.ti.n v..... cmpo.ent ●iles.
,,0...

B.ildinS function Affact. availability of p.ck.~. .yscem md .yscen
CCaporlenco. Affects .c..scic.l req.im=ents of .0i9.

s...tlulu .q. im.t.

Plant .xcetior Architect.r. ~p. cibili:y with omti. n misei.n, pr.valecIc c... cru. -
tio. m.t. ri.l. , c.l. rs and d.. ig. motif of are..

Architectural s.r...{ng requirement. for mch.nical
and .Ie. ccical .Luponmts. Affect. a.c... cical req. ire-
E8. c. of .oi. e g... ti~i~ .q.ip~ntconearby a.rrmmd-
i“’ build ingo, .ucb as sle.piq quarte r., ho. pit.l.,
etc.

3.6.1.4 l=+=titi - l!bemximnn ellcweble -ticun.l speed b
n?volutions Fer~(&) for thaduty anagenemtars etcapeciw desti
Wdkeimiica=i .neamdame with a@icable critai.a.
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Table 4
‘Ihemal loads for @gmeration Cnneidaratiom

TYPe o of
Load. T. De Determined i. Tho...nda

Thermal Loads
of Bt. -Per -Ho. r [Determine Wi. Ler

and Summer Loads Separataly)l

Cmdeming turbine drive$ Pmce. a or plant eq. ipme. t driv. eizea.

Plant auxiliaries Fuel-oil heatiog, feedw.ster heating capacity.

Export Sp..e he. ci.g (r.di ati..). Use diversity faccor of 1.0,

Space heating (vc”til ation). Uae div. rmity factor of 0.8.

Utilities (hot water and laundry). Use diver aicy factor of
0.65.

for kitche”n une a diversity factor of 1.0.
Refrigeration (compressor *team C.rbi”e drive) .
Refrigernc ion (.bmrpci.a. type).
?...,., demand,.
Di. t.ibut i.. 1.. s.

Tc. tnl preacnt load Total of above thermal loads.

Total ultimate load Determine from total pre.e.t load with addition of planmd
future load,.

Minim.m cmti . . ..e 1...3. Distribution los. ea.

Ernerge”cy load Dem”d of service. that cannot tolerate a. i“terr.pci.a” of
more than 4 hours.

lH.a. rs of demand for ●ach load, multiply Bt.-per-hour by 1,055 to obtain Joules-per hour.

3.6.1.5 Ruine Size. Calalate the appraxi.mte engine size in ho~
(m), -man==@ generator effici~ of 92 percent. The resulting
value is an imiication of the largest eI@E #at is likely to te pxuvi~
S* ~ generators have efficienciee of 92 ~ or hi@@r. Unite of
less than ltiOkW may have lower efficiercies. -Imqe unite fiy have
efficimcies of up to 96 pment. AUmance met be made for parasitic pmer
of auxiliaries to arrive at the net generating output for axh unit.

3.6.2 Fuel.Svstem.

3.6.2.1 Fuel Rate. The fuelrate depemie mthepartimlar diesel erqine
characteristics ard the ~ific load whid it will serve. Aa a
rule-of-tlnmb, aesum a fuel rate of about 10,250 Btu per ki.b.mtthmrs (kwh)
which repmsenta an efficiemy of abcut 33 percent for the diesel-engine
gmerator set. ‘Ihiavalue should be refti as the deeign prqmesee. Cata
frm manufacturers of qualifying equipent should te used.

3.6.2.2 Storme Tank Volum. Calculate the volum in gallona (gal) of
rquired fuel storage baaed on criteria “~ for the applicable duty
typaani ontheabove fuelrateti lmd. storage tank Volunk?shall be baaed
on total plant mpaci~ ad the lead-duration.

3.6.2.3 mv Tank Vollma. Calmlate the day tank volume in gallons, basa3
on criteria req “ for the a@icable duty typ.

12
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alec.klistfor Facility Interface

hi. of Thd
1Cem or

iii. imumCriteria

P..~i.e-Can. r.cor Set hty (Prine) (Standby /Emcraemcy)
Nuder of Di..el-cer,erat.r S.tm

Cenar. tim Fat. ku
Rot. ci.. Speed rlmi.
Engine Size hp

Fuel ht.
F’”el tit.
SCO,.S, Tank Volune
Day Tank Volum

BCulkW!)
=ollh

Coab. oci.n Air
Ha. imum r“tak.

K8. tri. ti..
E,hauot

2 cycle 4 cycl”

Coolim lledi.s
uacarl - Ui.
C.miim mater Pun.:

ZI a

e.11.nin
reec
d.gre,. ?
degree. F
Bculh
Btulh
lttufh
Bc.lb

Ile. t Rodi. ted fmu P.win. -
Ce”erat., set BLulh

Desi E. Ambient Tempar acur.:
Outdoor dq,ee, P
@.R., lla.imm dqr.e, F
!faxia.s Rise de~ree. P

3.6.3 @iuction (CmZhsticsn)ardmha ust h.

3.6.3.1 Celculate the air flew rate in cubic feet per
minute (cfzn)~US@ e@i~le data.

3.6.3.2 Maxinmn ~Restrxtmu
. .

Obtein intake air restriction liznite
frm diesel e@.ne mnufacturere inindles ofwater(iJ@le!3wc) .

3.6.3.3 Exhaust. C2.lcas3atethe mlumtric flew mte W heat 10ss !xL305cm
applicable date ami on exhaust gas tenperaturee available fmm diesel eqine
mnufa~.
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3.6.4 Cbolim 8wtEm3.

3.6.4.1 Ccolim tium. -rd whether the cooling fluid is water or a
mixture including water arrian additive.
theulixtum

.?+ecifytha additive ard provide
mmentraticm in pm2ent.

3.6.4.2 ccolim Water. tithe flcwmte ofccolirq water nesded to cool
themc@nein gallonspernlinute (gpl). Also Z-elXltithe lavirq water
tmperatum ani the teq3erature rise allcwed for the ergine. These
~ may be obtained frcenthe diesel engine mnufactumr.

3.6.4.3 Heat Reiection. ‘Ihadiesel mgine manufacturer can pravide design
data mmemirg tha rete of heat rejestion frm the erqine jackat, lubricant
ceder ad from the ~ff a~ler.

3.6.5 Ceneratnr Rcum.

3.6.5.1 Heat Radiated frm the Em be ard the Generator. The engine
manufacturer can supply the rate at which heat is radiated frm the engine.
A value of 7 ~ my b used until mre refind hfo=tim is
dwelopd. Consider that mst large generators have en efficiemy of at
least 96 ~. U@lize a 4 percent value of the generator’s kilowatt
mm-i=~~ to E$b’S for the heat radiated frm the generator. For

increase the percent as appropriate.

3.6.5.2 DeeiO Ambient llz?memturee. The outimr d=ign ~tqre for
ventilation of the generator mm is found in NAVFAC F89, Emineerirq
weather m-. Refer to applicable criteria to detemim the i.neidedeeign
~-~~ allmable temperature rise. CMx3c0r dry d wet bulb
design tenp3ratures will & require+ for the selection of ccoling towers *
air conditioned ~cee, W dry bulb txqemturee for the selection of
radiator type engina auling.

14
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Section 4: ~m ClllSmmATICNS

4.1 m. Cbgenemtion is the Aul.1.ltaneous-ite generation
of electric energy ad proceee steaulor heat fmlnthesallE plant. Useof
heat remvery can imxease cwem.11 efficiemy of dieeel-el-ic generation
frm azmml 33 pement, whirh ie available for nc6t dieeel engim-gmemtire,
toathmreticd 75p3zu2nt. Heat wh.i~ kwuld ~ tewaetEdis
rewmred for uee in buildiq heating, ventilating d air corditimimJ
eystems and, insp=cial caeee, togenemte additiona2F#er. PrcQ2eethezlml
lcade can also ke eemed where practicable. Guideline9 for aesesirq the
pJtmtid for CcqenEmtion, the c~ when it ehculd be ome~,
ami~ ioneonthe @peofequi_ toutilize areaddms2@in the
foil* F==9=@=.

4.2 Deeion ~ iderati01=. @T==Iti~ mli=ti~ *d ~
ameidercd for all ne4 designs of prim duty dieeel-e.kdric generating
plants. Cqenaration my be considered for eibtirq plante if proven
euumnically viable. ~/==E@=Y P1- will= iuiui~ - of
ccgenemtion, aMhcu@liname~ heat remvery
emnm.ical . Packzqed ccgenemtion units may b ameidard for etard-elom
installations;hcwever, thesystemalxl ~ met couply with the
a@icable criteria.

4.2.1 mel Availability. W availability should be eeeured for the
life of the pxujti.

4.2.2 -d Slzlno a~terla.
. . . .

The follcwirq criteria shall he ueed in the
deeign of wgeneration installation:

4.2.2.1 Sle=tric ard nlemal IrElds. Electric and tharmd loade should be
Wntimme to eatisfy economic criteria. Only limited flwctmtions in
thermllwds arepemittedunlees adequate thenlnl stomgee@Jmser
StdJ’@W boilers are providd.

4.2.2.3 -d Coimid~. Timarrl quantity dmamie for electric pmer ard
thermal emqyshmld haveamirsz~ ofnotleeethsn70~.
cbimi~i edefi.ndae the retiooftheuaxinnm Cahcident totzd d%lnrd of
a~. oflc=dsto theem 0fthamxi3mnn dem.n5e of individual loads
v~q~-,-ti atthe=ane @ntofeupplyat the eama
time.

4.2.3 Prh - Sizinq Size the ccgenemtion prim rover for heat
remvery equivalent to 50 tQ.75 percent of the mxinlm tharual load.

4.2.4 Prcdu cqeneration installation
-% steam a+or Z
prducteat theeam

Pm3ucte andto P=Jideti
pmsures erd@npmturee aedsti.lq distribution.

15
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4.2.5 BXer sales mramlmk. qements made with utilityFweraalesa
amlpanies shall be illthe “.smplus sales” Catsgoq wherein only * px?er
genw7ated in excess of facili~ ~ is cold to the utility. Design of the
facility ad negotiation of the parer sales a~ shculd reflsct Navy
plicy which is to miuce utility cc6ts rather than to 5eek profits fxum the
private sector for ccgenemtirq. Other arrangements are possible where all
the electric pmer g~ted is sold to the utility at a price bassd on the
utility’s highest unit cost of generationandispumhasd back frcnnthe
utility atamstlc?.ter than that atwhitiitms sold. !lhsse~of
arrang~ should be qlorsd for ccmmrcial omership options aa covered
in section 2.

4.2.6 Site Adaotability. Building, site, W facility utility systems
mst be cmpetible with adaptation ~ to acczmmda te cqeneration
eguipent. Adequate space mat be available. For large plants, a minimm of
5,000 eq ft (465 eq m) to 7,000 eq ft (650 sg m) should be allocatd ti
preliminary planning ages.

4.2.~ Ek2tric Utilitv Grid Interconnection.

4.2.7.1 Unitd states LcetiOns. The loml utility mat allcw ccgeneratms
to in~ with their supply grid.

4.2.7.2 Foreiqn Lccations. Situations in foreign lmtions mat be
dete “ 1 ~vidually. where such in~ ‘ens are not allured, it my
be pcssible to isolate varieus loads for a dsdicatcd q —tion facili@.

4.2.8 Grid Protection ~. Grid protection/in~ion
@m ~ .’P - h5m2nts varydegx2rdrq on the mwsr salea
~ _idted with the utility. The lccal utility should be contacted
very.~ly n the design concept stage -use ~ts diff=
si~f l-y. Utility cmpniee may provide aasiatarce in Pl~
facilities.

4.3 Heat P.ecovervAPDlications. Heat recovery is &e prccese of
extract~ heat frranthe mrki.rg m?dium or mciiums, such aa died engine
arhaust gases, and transferring this heat b a .eeurceof water, air, etc.

4.3.1 Saxes of Waste Heat. Heat may te recwerd frm engine jacket
ard lubricant mling systems d frm the exhaust gases. Table 6 in5imtes
the ptential for prcciuctheat recclveryfrwineach Saurce. !Itr20reticdlly,all
of the jacket ard lubricant -ling water heat can be recoversd; practimlly
inmc5tcaeea only about enehalf will & reclati to provide useful work.
Although applications are limited, direct use of the exhaust gases for
product dKYirg, etc., can increase oveza.11efficien+ &out 12 percent.
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Table 6
Sum=y Heat E.32ame: mgenemtion

Diesd-lYfc@s Gene.mtnKs
using

Wilt,”ut C.g. wraci. ” lCith C.*e.*r. tie.

(Percent of Fuel Input)

Item
--

U.eful Los... Umf”l neat
Work b%rk S@cwc, ed

b.,..

Diesel Emsine/Ce.eracor S.c 33 33

Jacket and Lubricant 30 Is 13
Cooling Waters

P.’haunt c., 30 12 18

tidi. tie. LQmses 7 “7

Totals 13 67 33 11 40

4.3.2
lubricant
a-

psicm Priority. ‘me first respmsibili~ of the jacket ad
coolirrgaystm design shall betocool theeqim; hsat mCxm3ry
*of===@=Y~ silencing the engine is also of
~desetimgi.&ie loutedmidethebu iIdingc3.c5e

to a quiet zom, e.g., sleepirq gmrters. All beet refmmry
-d provide SItermte,

~lations
comentional systems to reject heat frcffnjackatand

lubricai+rg oil molirg media (sss Figure 2).

4.3.3 ~~ .Jacket Cbol“

4.3.3.1 i’fotwater SvetmLs. Rexwery ofwasteheatfrum jaclu2tcmlantie
theprefarrsd nlrthcdofheatmcwery. Heatrsccmq frcnclthe 1-
tenp2ra@m2 W flew of lubricant molant my also prove emnfnoically
justified. Heat is recaemi via -t ~~~l=i=(==
Figure 2). ‘Iheengina oxLantloopmstbea closed system. ~of
heat frm lubricant oil cmlers is acanctplishsdin the m fashion. ‘Mess
hotwater systemscanbecxnnbi.ned withanexhaust gaaheat~ boiler
tianintegmw systecn.

4.3.3.2 SteacnS%itemz. Jacket crdant leaving the engine is pipd to a
-tr==v=y~fl=. -~~ inthekdlera fdinpipirqti
the boilaallow jacket ccolant to flesh tolcwpresaumeteam. st=nl ia
retunEdfmnl procese clsesto themginaczmlant in.leteecxmian=te.
~mstbecxmtrolled ef’den@leccelinge@ X9nmstbeca.mfully
deeignd to prevent hoiliq or fl.sshiq within the engine. A eixkiC head -
Cnntroued W ~-hpref-ma pmsure-reclucing valve
or en orifice at the toiler inlet.
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f------l
Jacket Cm1tn8 Water,
Lubricant Circulation

Jacket I

fl~

+ C..venti.nal

C.aoli”g
water

BYP.,, i Zc””’er ‘--- ‘::;3:=;
I
I
I

1 Hot wilt,, to Process
I w

I
A . . Exhma t Heat Recovery Boiler

Jackec I

cooling 1 He, t
water I Exchanger

I
Engine
Exhau, t Return from Process Uses

1
Fuel

—

Air En8i.e
—

A; ~’ener;;< rLubricmc
------- 7

Lubric.”t

“ ~ 40=

- Co”.ent ional

Cooler
cooler

-0’

Lubrtcmt
9 .---- ~

Lubricant
cooler Bypass

Fi~ 2
‘Heat REwferysystam

4.3.3.3 Fb..d.lientSystem In ebullient cooling, a * ard
high-tenpemture water & are uuvd through the jacket by natum.1
cumulation to a steam separetor above the engine. Eqine jacket water
dxc!u.itslmst b designd -if ic.allyfor this type of cooling. The engine
mmufacturer shall agpruve its use in writing. Elxllliti =1* M*
exhaust gas heat recovery is depict@ in Figure 3. r+nauxiliary toiler is
mt ~, nor is a jacket coolhg water circulation punp normally
~- matiiary boikrmaynotbem eded Whenanaust gas heat
recovezy boiler is used in conjunction with etniilientcooling because a
~-ftisectiona bati tothetksat zecovqhfiar. ‘Iheusaof
ebullient moliq system mst first be approvad by NAVFACENGCml

~.
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E“8ina
Exhnus t

Note:
wVFACEN%CCIM. Hoadquorcers

ApPr.v.l i. R.q.ir@d
for Ebullient ‘27011.8
Syotem Stem t. Pro . . . . Uses

+ *

E.gtn.
Wake-up water

w [mm Trmtmnt

Exh$m t

“1
Cmdemn.re

Heat Comdo”mte Returned
Rocov.,y Return

stem BOilcr (lair fron Procem
stem us.!

4 I

[ 1
E.s1..

v

t

Cent l“UOW
Jacket

T
Blc”dwn

W,lt. ? Recur”

Fiqm 3
Ebullient system

4.3.4 ExJlmetGasneatReroveq Ddsaust gases disdmqd
9===-=E@h~tiq &

.frufOdieeei
~~Y 600° F (316° c) at fkQl

load. ‘Ihatmperature ~ontha size of theksnit, thafualueed, ad
mconbmtl ‘off@e (i.e., 2or4etrokse@nss). Laryara@nesqemte
at lcwar teqeratures. Exhaust gas ~ Syatsm i.nc.ludathe follming:

a) lieatie~ inthafom ofhot waterer Steam in ahat
~ toiler which also acts as an exhaust si.lercer. These devices are
Oftelsreferred to as Weat+ewvery silencers.“ -t ~ ~il-
recaiviq exhaust gaeehallte Cleeigne dtonlfldx ywllenthereienothenlnl
load. Diverter valves shall not lx?us.sd.

b) M water Cogenemtiofl ia often preferrd over Steam eyat%ns.
Mvan@ee inc3LfdeEiaseofpmceee control,~ of Opemting
~ti which are critical for la Pr==.=/~- *
=9ene-i:.

S5s3 proa2ee configurations f.sse heat remvered fmnn jacket ad
lubricant ccol@ system to preheat ~t-resnvfq toiler feEdwater as-dfuel
oil .

d) ~imd cycle applications am often used to genemte
askiitionalpower ardtoproduo2 hot water ortolower stcms~presaure for
-.
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4.3.4.1 Sumlentmtal Fir~. Supplemental firing is not ~ for
imstdiesel e@needlmstgash eat ~ery Syate=. .Su@emlltal firing a
hat ~ boiler is nure oftsm Consiti h cmbustion turbin+generetor
applicatims. Supplementary boilers my be mnsider@ to accmmcdate thermal
dEmm5S in excess of heat ~ery boiler cap3city. Thermal etorqe should
also te considered.

4.3.4.2 mined Cycle Amlicationa. Cmbinsd cycle cqeneration usirq a
bacl—pressure steam turbine-generator is ahmn in Figure 4 ad incluies the
followirlg:

a) Steam prcductfrmthe haat ~ery boiler is expmlsd thrrnqh
a 12ack—pressuraSteam turbinatogstlem te additiomii p.7ar. The
bacl—pre3sure turbine exhaust is used for heatir?g,ventilating W air
comiition@ applications or for other w of lW pressure steam.

b) thldans~ste?mlturbillesmsybe uedtig enerate larger
ammte of ~ than - available frm back—pressure turbines.

c) A tedmolcgy that appears prmi.ai.rgfor carbinsd cycle
applications ia the organic Rankina cycle. Relatively lcw teqerature
busts fnnn diesel-engines limit cxmbined cycle applications of steam
turbi.n.s-g~tom . substitution of an oqanic liquid, e.g., tchene, in
place of water for the wurking fluid allom a ~ cycle of higher
efficiency than a similar * ays.tm to be employed.

4;3.5 l’hemal Storeqe. The need for supplemental boilers may b abviatd
byueing themal storage system. regime ard tit rec9very equipnant are
sized to met therml lcadasmewhem k-the minimun alxlpeakdemde.
Hot water, a@/or chill.eciwa~ are _ into separate storage tanks during
psricds of lcw therml dmami. Klxing pricda of higher dmard, hot ti
chille5 water are p.mp35 fran storage. The en+ne-g anerator satiaruncta
mnstant load. The utili~ grid operates es a sink for electric generation
in sxceaa of facility ~. Several utility cmpanies in the United States
w offer flmiing ass’~ for installing therunl atmage systms. Refer
to WAVFAC ill-3.16, ‘Ihe.nnalStoraqe, for @ign guidance on these systems.

4.3.6 Ueea for Remverd Heat.

4.3.6.1 Hat Water. Hot water is prcduced in the rarqe of 190° F (88° C) to
250° F (121° C) in jacket ard lubricant ~ling aystm-s. liigher~ture
water is attainable frm exhaust gas -t ~ery koilere. Erduses of this
hot water may include:

a) hot water for apace heatirg appliationa,

b) ~ic hot water heating,

c) ~~ (- facility, lam, etc.) hot water heatirq,

d) fuel Ofi preheat~,
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, Eat”.

1Exfia”st
sack-Pre*mlr.

--h
Recoveq

UXill. ry 8011.,
iri”~:

F“. 1
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I

=-J-
-1Air

Stem Turbine

tRh Pressure

I
I

Jacket I

cool in, l—
water

Jacket Cwli.s Wac.r
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ptlonal: Hot Water
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Process Wc.cer
Roc.m cd

I
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froa Treatment

Fi~ 4
~ined Qcle Cpratickn
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e) sewage -M plant sludge digti heatirg (engine fM on
digester gas), ard

f) process heating alxlhot water Uee.

g) high tenprature hot water heating (ti district heating)

~t
h) eksorption chillers, ard

i) additional power geneca tion.

4.3.6.2 L-. ~r~inwp square i.nch(lb/in2)or
kilcgram pr square cmtiineter (lug/ur?)is prcduced in haat rewvezy bailers
ard is usually generated at about 125 lk./in2(8.79 kg/ar?) for larger
v. It is p=+ble to generate steam at higher pressmes; hcwever, the
h@est operat~ * tenprature is limited to abmt. 100° F (38° C) belw
the ed2alSt temperature. ‘me nrst cost-effective stcmn cnrditions for heat
recufery my be saturatd 15 Iwid steam (1.05 Iq/al?). care nyst be taken
indeeign ofheat~erysyst.ms to insure thatthe exhaust temperature is
atuve the dew point. ‘Ihieusually limite the minimum exhauet tenprature to
between 300° F (148° C) em5 350° F (177° C). I?cuncnnic,analysis of deeign
options will aeeist in eel&irg the beet configuxation. Sam of the usee
for ccgeneretion steam are:

a) eban heetirq eyetem,

b) hot-water heat- system (thraqh heat exchangers),

c) absorption chillers,

d) * turbine drive W cmbined cycle applications (such as
enemtor drives),qreeeor or g

e) back pressure turbinee with eteamexhmetdto other usee,

f) ccmiensirq turbines with cotiensate cycled bydc to heat

r==’.’q biler’ fe62water, ~
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section 5: ~ DESI~ FUR D~EIXCIRIC ~ PI.ANIS

5.1 Deflnl
. .

tive Di=e.1-Elsctric Generatim PI8nts. Tha Navy hasseveml
definitive designs ad guide specifi~tione for imth prinE duty W
s+=nlbY/en=yerq duty etationsq dieeel-al~ic generatif-qplents. mty
tYF=s3= def-h-c5712. Ag@icatian of eadz definitive desigm erd
- Si==ificatian to various erghegenemtm set sizes is provided h
Table 1 afd definitive design drawings which e@y are listsd in Section 1.
FutatiOfnl speed ad ~ 14affEffective Fresaum (mEP) limits are
suomrized in Table 7 for various unit ganarstor sizes @ duties.

Table 7
WCmmmrkticots - Unit Sizes, Maxinom Wtsticzml

~~--Eff=tivsFI?e=um

Maximn Break Mc,.
Effective Preo..r. (lbli.2)

E.8im output flax<- Tvo-Stmka Four-St r.k.

cl... Specified Rac.c 10..1

Speed N.c”cally Turbocharged Turbocfmr8ed Turbchar&ed

(rlmln) A,pimted Af Carcm led Rot Afterce.led Aftercmled

10 kli 1800 90 105 135 165

c. 300 kW

301 kW 1200 13S 170

m 500 kll

Prim 50 t kW 900 90 120 180

Duty r. 1500 kW

1501 kli 710 90 130 2?00

co 2300 kW

2501 k!d 514 -- -. 225

mid larger

10 kW 1800

co 500 kU
90 115 150 185

101 kW 1800 90 120 2Lm

Stmdb,l to 1000 Ml
Zm,rgmlcy

nut y 100 I kll 1200 130 220

co 20W! ktl

2001 kW 900 90 140 260

co 3oon kw

5.1.1 F@ci.ifications tn NAVFAC Cefi.nitiveDesire Definitive designs
should be considered only ss a basis for design frm”kh.icizvariations my te
Zmde. ~ Sltezatione to met the ~ific site . ‘ lteorlcca.1
W21iitifms era Cmn3rEd ~ ~ * b applicable NAVFAC Guide
~ifications wlzi~ are lietsd ifz~on 1.
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5.1.2 Matdi.m Dsfinitive D2sicms to Load Dmards. Cevelop design
comepte that satisfy electric loads in the ucst econmic mimer. Select the
definitive design with necesag modifications in acnxdmce with the best
design comept. use ecormlic alnlysis l@llmdology as Sddmeed in -ion 2
in accodance with life-cycle ccet analysis ndlm501cgy in NAVFAC P-442,
monondc mdvsis Handbook. Evaluate all plausible deviations from the
selected definitive design using the same econm.ic analysis mthcdolcgy.
However, NAVFACm%m ~ a~ will be rquired for all designs
deviating radimlly fnnu the definitive design.

5.1.3 Definitive DssicrnPlant C2macities. Definitive designs provide for
three initial qine-generator bays for prim duty ard two initial kqe for
~/=E=PEY ~ Plan=. A f@u= =@=—%=s tor bay is indi-ted
for all designs. Mst plants will need tn be exparded to satisfy future
el~ic lmds. The definitive designs provide only for a single opemtirq
unit; additional unite are rquird to meet NAVFAC!ENGU41n!inimm reliability
nee3s. Provision of a single qerating unit is not usually economical.
Selection of unit capacities met consider vaIYing ele=tric demrds. Plant
qc+tY & M SekJted to satisfy reliability criteria once the unit
mPaCltY _ been established.

5.2 Criteria for Unit ard Plant Carncities.

5.2.1 Number of Units. !13xenumber of units selected for any plant ehculd
provide for the re@x@ reliability * flexibili~ of plant oprations.
me mhinnzm number of units needed to =tisfy these ~ usually
reslllteinthe Irc6teconomical and satisfactory installation. Utilization of
different sizd erq~enem. tor unite in a plant nrdstte authoriz~ by
~~~ H=@u=+== .

5.2.2.1 prim Euty. ‘nmspare unitiammquired, one for~ed
maintenance aml one for stadby or spinning reserve.

5.2.2.2 Stamibv Q Onespare unit ismwired for srheduled
msintenarce. & At
justifid.

Imy-te requird foi spinning reserve when

5.2.2.3 ~.
(mNus); onespreunitie

5.2.3 Flexibility. ‘lb
(total apacity less spare
mxinnnn estimtd electric

tingunitsshculdhs _9===
capacities,to satisfy ~ or average deumd. - Cnnsidar providing a split
~ ~i;~~t b~) to tit partial plant operation in the event of a

No spare is reguird in Continental Unitd Stati
rquired for plants cuteide of 03NUS.

prwids for future grcwth, the finn =Pacity
apacity) shall be m less than 125 prcent of the
danalxl. For an economical operation, i.mlividual
operatd at least 50 percent of their rated
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5.3 SelEstion of Unl‘t Camcity. A75example of idividual unit capscity
sizing basal on metizq unit ad plant capacity criteria is shcwn on
‘l’able8. Generally, utilize the National SISctrica.1Manufacturers (NmA)
= ~, ~# ~ Si==. Notice that the laryest unit
size was selected in the example. Other factors, hw?ever, such aethetyps
of iced sarv=l my affect optiml unit sizing.

Table 8
Exanple of 1.5riividualGenexat.ing-UnitCqxcity Sizing 1

~, Ifaai=um ..ai..-neret.r.r nit i.. t. oupply minicum d.nand at 50 percent
capacity - 600 kW/30 percent - 1, 200 kU2

8 Mini-us .n~ine-~e.. rate. r unit .1.. t. supply minimum demand at
100 pert.nc capacity - 600 kti

—

Crop. riao.. of Available Unit C.p.. itie.

U.ic Size, kW 600 7003 800 9003 1,000

Firm Capacity, kW 3,000(s)4 3,500(5) I, ZOO(G) 3,600(4) 3,000 [3)
--

OP. r.cir.a Unit Loadin, Ccap.. i.e.

~Xi.- Dm”d 5 at 100: h .[ 931 3 at IOOX
A“era&. Demand 1 at 83: 2 at 96X 2 at 75X
Mini- D-ad 1 at 100X 1 at 75X I at 60:

select 1,000 kw unit .ap.citr for f.wa. c .u=b. r of unit..

for o prim duty plant: I.iti.l ?{r,m Capacity . 3,000 kW (1)4
Total Initial Capacity - 5,000 kW (5)

lUsi.8 mfA w 1 at.nd.rd ..tin8s.
212. c . tmw KC t .cmd. rd raci.~.
31t0 v.lu.n .h.wn, sin.. there {* n. improv.me.t over the next smaller

e.gi.e ge.. r.mr unit @i.e.
‘Nusb. r in p.re. chemis i. the ..sher of emsin. generator unit. req. ired.

5.3.1 mtil~
. .

taSe5vsh3s d Under Abnormal Cbti“tionz. PTim? duty
~t.@~-~m=at100 prcentof their capacityti~ also
~le of 9===+=W at 110 Psment capacity for 2 tfoureout of any 24-hcur
p=i~. ~/~ dutyuniti emalsorequim dt ihaveamntimme
rat.@l,=-ti~ti with any ~ qcity. lb prevent the lc6e
ofanop3mting u21iti21syete70collape, eve710na having msama
PrfJF+=ld~msPm

capscity,
resGeXe backup lnlu3tbeprcfvidzd.
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Load sheMimg (electricalload ~tion to allw
lcade.)is preferable to lc5s of an entire plant.

5.3.3 SDinnim Reserve. Nhare cxiticel loads cannot be sh-, spinning

reserve is~ for backup intheevent thataunitislc5t fti the

-. sP- reserve must provide for shutdwn of one unit when
operating at maximum denkardam3 with generators runnirg at their mxinnnn
2-hour apacity.

5.3.4 TvPe of I.oad.s.emed. Motor loads my affect unit sizes, either
because of other voltage-sensitive loads or because of the size of the uutor
in relation to unit size.

5.3.4.1 Voltam-sensitive Imds. Ccammication, data processing, err3other
Voltage—sensitive lmds shmld be .sqre@df zmnallmtorandother types
of utility loads by pmvidirg a split-bus eystem.

.5.3.4.2 Size of Motors. Starting larye nutors will have an effect on
generate= bcase the startirq Icilwoltanpres (kVA) of a rotor is atout
three to eight tires its runniq kVA. Eesign rotor starting loads to prevent
voltage dips whiti are significant enough to cause the.system to shut dmn.
~-voltage staxtem - sequential starting of rotors are usually
providd to prevmt unacceptable voltage diFS. A unit supplying a sirgle
uutor my have to be evaluatd to determine tha cost-effectivenessof ~ial
-tor startirq modifications, use of shunt ca~citors, or wersizing of9
genlXators.

5.4 Fuel Sel%ion.

5.4.1 Fuel ‘rvces. The fuel for diesel enqines my te any of the

I follcwing *, dqed.ng on availability ti ~ncnnics:

a) Grade Navy Distillate DF-2 Diesel Fuel Oil of Federal
~ification W-F-800, Fuel Oil, Diesel.

I b) Marine Diesel of Militaxy ~ifimtion MIL-F-16884,
mel Oil, Diesel Marine.

c) Jet Fuel Grades JP-4 @ JP-5 of ?.lilitzmy~ifi=tion
1.fll#-5624,Jet Fuel Grade JP-5. Diesel engines may require special
*lurgy to acammda te ths use of JP-4 or JF5 on a continuous basis.
aaamrcdate the use of JP-4 or JP-5 on a continuous basis.

1 d) Arctic Grade DBF-800 of Federal Specification W-F-8001.

I e) Jet (cmmrcial) fuel.

5.4.2 Nondiesel Fhels. The use of a ~fualsudlasnatural
!K=, liquid p=troleum gas, residual oils w gasoline may ke allowed if
emnomic advantages are proven through a detailed life-cycle cost amncanic
analysis. NA~ ~ appruval is required for the follcxtirxg
fuel Seltions :
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Fuels. Follcw guidance h ~ of Omv-msi’
4100.6,

. . .
im Fln3S@.lrcasel’ctlon Glterle for - mcil itiee,

which restrich3 the use of natum.1 gee. Iila.lfyal(dieseloiltig-ae
firing) shall be ~ided whmever an int=m@b le gas supply is used.Diesel
fuelisrequirda sa pilotfuel Whsngas isueedasafua.1.

b) Residual Fhel oil. Federal ~fi=tion No. 6 or Navy Special
mayteusei inl12sign2(aee mblel)plmte when e30nmimlly justified ad
~bY@m~H=@=@==.

@ -- ~d Oil. mel oil reclemtion facilitiesare
available at a rnmher of sites. Reclaimrl fuel oil is acceptable for use in
Somediesel engiltae’ndmy teamsidel=d.

5.4.3 mel --- s. m pmparties m dlaxacteristi15 of
various fuels, tier tn NAVPAC U4-22, leuinm’1 Ill
Fbr collati reading see “Eue.lsad ~“ ~ ~“
fer Medl’nica.lRuineere.

a) Bideare evelwated lXx3dn0t0nly oninitia3a6t lxXtelSOm
theability of theprop=edsquim toueet Navy sp3ifi=lgrnleof M
mte at sach lead mrxlition. Bidprioee xareadjti for cqxukon
~~fuelmtesdo notueet the goals. ‘Iheedj~
imhdeethecxx5toffueln=ded inexceee Ofthetreqired, basedon

~~=t’=. -* exceseccet of fuel forap=id of10
Yeareisti=*adj~. - rate goals should be set slightly
hi~thanenypmq=tl .ve erg~tor set --. ~=t ~1
~ will have their amtracts adjusted, because the uenufacdrer’s
rateewil.l belmer than the prqcsed um2alistic value. Thieallwsa
peitive fuel cmparison for all biddem.

b) ~ * of =3~tor ~= ~ pr~ ~ plm
arecmdKt03 todetemme if~fuel reteshavebem achievaiat
eadllcad-tion. nltheevmtth’t~ fuelreteeere not
verified, the supplier is rquirsd to refuml the difference in fualcoet over

a proj~ ewnm.ic life of 10 yea.m. mmgee .ma calculated based on the
OPS=IW ~e entemi into the epecification.

5.4.5 Fuel Storeue arrlnandl~.

5.4.5.1 ~. Fuel.~W diagram for sad definitive design
are ircludsd in NAVF?C -272, fi.nltlvs Deeims for Naval shore Facilities,
Pert II (refer to Se.ctionl).

5.4.5.2 Fuel Fremration. Diesel angina fuel injection systems a be
Sericuely dmbywatererrl dirtin the fuel. Itis~-~~ide
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fuel oil Centrifuy@ of all fuels delivered by water traneprt se fuels cen

for
kc?aily amtanum‘- & with water or solids. %ide heatirq for heavy fuel
oils, @ in cold climates for all fuels. Filtration shall be provided
all Qps of fue3. Ccqly with applicable state ard local requlatiors
cmmrniq storage arrltredmmt of fuels.

5.4.5.3 co~ion Fuel. on prime duty, Oeeign 2 plants, prwide
additional space for inatallirq future additicme to the fuel ~irg
4X, for e=mple, fuel storage for residual fuel ad pilot diesel fuel
if rquired, plus residual fuel heaters W centrifuges, dirty fuel tanks arri
similar itms.

5.4.6 Fuel.Storeoe al-dCav Tank Vollmee. Use above-gmuml storage tanks
within w S?=as. Provide 30-day stomge =paci@ for prim du@ plants
d 7-day storage for statiby/merg~ duty plants unless lcc.d conditions
will allcw less or ~ gr=ati Volm. Storage tank volme ehall be
based ontheram of fuelcommptl .on of all q- imluding spares, at 100
=_l~d, mltiplied by a 0.75 cperatirrgfactor. ‘ranksshould be

~ mnufactumd sizes d should be vertical or horizontal,
ae best suiti the site conlitione. me U= of ~ *m9e * my
be considered for smll plante if leak detection ard double cnntahrent
provisions are provided. my tank volumes shall Ee detPmlind based on the
follcwiq:

5.4.6.1 Prim D.@ Plants. Prwide a day tank for each mgine with storage
for not lese than 2 hcure full load opmtion an5 with autmatic transfer
w d level Conim31s.

5.4.6.2 Plants in stam3bv Service. Provide
manually-fill~ day tanks, eati of a qxaci@ able to satisfy 8 hours of full
load qtior?s.

5.4.6.3 mtv Plants in EineIrlencvService. Provide a day
tank d transfer pmp unit for mch qine, as reccmmldkytheq illa
manufacbrer. Interior tank mp.acities shall not exced the re@mmks
given in the National Fire Protection Association (NFPA) No. 37, Stationary
Chnbuetion EnY-an5Gae Turbti.

5.4.6.4 E?ul.kFuel Storaae and Handling. Storing ad receiving of fuel oil
mtside the generatirg plant is CQVerd in NAVFAC t2.1-22anl in the definitive
designs ard guide specifications of the oil-fM definitive pcwer plants
listed in NAVFAC *272, Part II, which includes handlirq the fuel in Plank.
For rules d regulations, rsfer to NFPA No. 31, Oil Eurnim Fuuiment.

5.4.7 Air IntaJcesWstem. Use an outdoor air intake for all prime ard
e==@/==W==Y ~ plant designs, except for very small uniti in warm
Climtee . Intale velocities arxlpressure drops shculd te selected in keep-
with e@ne limitations. M frigid ~ture zones, air preheating, or a
bypass of outside air sources shculd be providd to facilita- engine
S@rtirg. roximately 3 to 3.5 cfm of free airF~ eI@MS =!@= app

28

Downloaded from http://www.everyspec.com



Mm-HDEK-loo3/11

Psr*~@IP)(l.8ti 2.2 liepersscmdPILW). ~
engines require sppm%imtely 4 ti 5 cfmp @ (2.5 to 3.1 li- per
Ssmrrlprkw).

5.4.8 lim and Mtercoolinq. Precoolil?gof~airi.e not
a.ucwe2. Af@rlXoliq, +“ mferL@ to es “intem=a li.rqofinMu2eir

~ ~iI19 is des~le. Sufficient wolsnt should te made
available at the requhzd temperatum. Stamlby/emqemy ClutyaIdprimadl@

~~ ~~ =Y @ize =F=UT@ dectric nut= driven W; hmever,
eqi.ne-driven pnqx3 are preferrd, with sbmiby mtnr-driven guqx3 available.

5.4.9.1 Jwh?wst sil~ ~t ~ Sil==== should be amside?r+
for all prim duty installations. Wcovem5heat can beusedforspXle
heatisxJ. Whenresidual fueloil is tote usedinlB3ign 2and4plants (see
Table 1), it msy ke heatd ueirg hot water fnnn heat remvery silencers.
Ia3ferto uon4foredditional guidameomsx haustheatds nation arrl

=3===ti~ ~.

5.4.9.2 P(hsti G@= Qmltitiw Exhaust velccitiee ad Pr===s drops
shculdbe selected tinntchengk ~
Icanufacturer.

ss~ided~aqine
Whmaver mnufacturer’s dab is mt evaQab le, tasesysb2mad

pipti ~ siz~ 011Sppmxinnakly 8.4 Cfm of SXllmst pr khp (5.3
limpsr~pEX kn)forfmm3tmke
litex-sper~prl&l)for~

engine!3and cm13cfm Fertilp (82
engines.

5.4.9.3 Exhaust mnnections. The use of flexible mnnectI“cm at
amnectiuns totheeqim exhaust uutletsor~ dlsust outlets
shm.ldbe iml@sdto elindnste~ive etmdumletmsses
units. mhsuete yete!nebwtuml
exhaust system lmvemnt,

~, expansion joints S == for
Snde+smicm and contraction due toheat, lmstke

amsidezed ad provided in the plant design. Sil~ ehouldbeurnmtsd
alteide the -ding se i.rd.icatedm the Definitive Design mawi.lq Opsmt.iq
floor plans, unless the Iranufacturer’sStadaXd Unitiepruvidscl withan
attached silencer or other - design considerations dictate otherwise at
a ep2cific site.

5.4.10 Cooliru Svstems D2cide by eccmomic analysis aI@ site corditione
whether radiator, cmling”t.cwe.r,or a rnturs.1c~atirq water system shmld
te used. Where coolirg system areellbject to freezi.ngten!@m-, mliJ?3

=@== O- ~ ~ durhqopemtion aniwhenehutdmn. Freeze
prewkmg solutions (sudl es glyu!l or lxwthem) ~d be ams~ for
CilxX.ib enpoeed tclfreezingoutdcar ambient tqleratums. In Seval?e
fmeziq auxiitions, it is desirable to eepsrate the interior ad extarior
ciKcUiti byueemof heateXhngam iIlc@l.iticultotheuse ofantifreeZa
solutions. When these solutions are usd, equ$mmt ad piping will require
care in design ard selection due to the lrxer specific gxavity (erKIspecific
heat) of the mtifmeze solutions as cmpared to water. Higher pnpiq rates
will xequire lqpipingeyetems amluore heatexc+mqa surface a.mae.
Ib3ferto the e@.ne mnufactumr for their Sp2cific ~tiom Ielstive
to jacket OXJlant ard lubricant cmler tenprature control erd fluid
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5.4.10.1 Ebullient Cooling Ecullient cooling may * used if an eunnmic
a@akaga canted5amstmt&. T!leUseofsteamm sttecontinuous al-d
cannot replace heat ~er.y frm jacket coolant or heat reaJveIy Sillmcers.,
Salaction of ebullimt cooling mquirea NAVFA~ Hea@m—ters approval.
(Refer to Section 4 for ebullient cooling applications ami limitatiti. )

5.4.10.2 Selectien Guidance. ~ide moliq units shall be -fully sited
tiorientedso asto minimize the effed of prevailing wirds d adja-
stmdums en the equipent ccol~ capacity. V&c.sl.ly diadarging
mdiatcn?s ti czolirq tcwere should be given pmfemnce
configurations.

over* typea and
Where anbient air temperatures are favorable, the use of

radiator (dry) type Ccoling will mdllce!XIEdlltemmcecosts Fm5 water -mt
~. Rqineradiant heatti generator heat mstba relmvcxlby the
building ventilation e. Sufficient ventilation shall be provided to
limit tempera- rise to 15° F (9° C) stove ambient wherever ~ible.
Refer to Section 15 for xnininm ventilation ~=.

5.4.10.3 Oesian l’mserab.ue. Cutside ambient temperatures given in design
@des such as WAVFAC P-89, EM” im weather mta ; are usually net @
~tures. Their USZ2in themd-~ion of cnoli.rqqu.i~t auti a
radiators forerq-maynutke adequate aapeakelectri~ loads can~
atthaeametiaatheee ofmx.ium --. It is ~ that
sunm2rdeeign dtylmJ.b tmperettmee be UICr=S@ W100Ft0150F(60Ct0
9°C)over thedeeign tmparature li.stdin NAVFACF89. Innocaeeehuuld
the design tenperahre W less than 110° F (61° C). Incalculable factors
Sl@lasti “direction am eddies, unusual weather mrditions, ad other
causes of air recb.culation ~ a radiator or ccolirg twer, can only be
inmzpmted into plant design by such mens.

5.4.11 I.ubri-tim Oil Svatms The lubricat~ oil system should tilude
clean ard dirty oil storage tanks: tranafer -, piping for transfer ard
unlcading, filtars ard operating control system. Stnzage tank size neda
VarY fm tit @ plant sizes. Sufficient supplies of lubricating oil shall
be prcvidsd so that a dalay in delivery will not impair plant operation. oil
~~ml~Wlbeba.Sed Ontheqimn mmfacturer’soil
Consm@on date for the specific erqine5 involved with all mgti in the
plant includirq spares, qetatirg at 100 percent load nniitipliedby a 0.75
qaratirg factor. Omtainerizsd storage is allcwed for both clean cud dirty
oil atnrage on smeller sized sterdby/emqency duty generatirq plants.

5.4.11.1 Lubricet’ma Oil Filters. Eng- are mrmally supplied with
lubrimnt filters, w, ad ccol~ by the erqine mnufacbxer. If they
am to be su@ied sepsmtely, they should conform to the engine
manufacbmer’ e epecifications. Fad Design 1 tn ~ign 4 engine should ke
fitted with a duplex full-flow filter. Design 4 stan%y/emrgq plants
shall always be prwided with a bypass-type oil filter. Syp3ss filteriq my
Iutbe ~cally justified for the smaller Design 3 plants. Strainer msh
size shall conform to the engine manufacturer’s StenkKd pmctice .

5.4.11.2 Warm-UD ~. Xil q- should be fittd with jacket ccolant,
alkiineaaz?m.ses lubricant oil ~W=t-==Pae ~kytheelqhe
mnufacb.uer when opamt.bq t3mpraimres warrant. The lubricant want—up
- is usually =quired on ~/margenq unite.

30

Downloaded from http://www.everyspec.com



MIHiDEK-loo3/11

5.4.31.3 .LubricantFume Normally, rain lubricant FUI!!PSaxs ~ “Cally
driven fx=ntiven3i.m. ikmn-upan ibyparsfilte rpnq=uay ba driven
eqemt.ely with elefXriC ~.

5.4.13.4 Waate Ou,. Previsions mstberedsformmwirq amiholdqwasta
oil frml the genamt.ing plant.

5.4.11.5 Soecial Lubricant ‘rream. W prilm duty plants, lubricating
oil *d be reclaired bv renuvina d.ilutIWZSarrli.nzoluble~.
ACM@ shculd be cxmtmlied by b of a onnbi.nationatsmpticm and
Aiz@ process, ~ pos3ibly centrifugal purifiers ad C3.arifi- in
eithara ba~ormntmmus operation. R3ckaged reclaimhq r_esigned
specifically for this p.npee are available. The heat eca.oxe
~ ~ be ~ direct fired qu.ipnent, reclaimd heat, or electric
P==. Prwisions must beuadeforths ns3mval Ofwaste solids fnnuthesa
system. AH dieeeldectric plants uaiq heavy fuel oil or blan3s of heavy
arrili.@t Oils should be PKwidsd With lubricatiq Oil I?@Aid.w SYS&B.

Lubrirat@ oiltreatm2nts@em shall beofthetyp~by U’ISqins
manufacturer ad suitable for the @p of lubricatlrg oil reummd@ by the
SrKjim manufacturer. Scm3typ2e oftratrent reuove desirable adiitives
r=lui=dw theengine unnllf=turera, euxlrenrnml of these additives my
mllify erqine mnufacturer’s qamtees.

5.4.3.2

5.4.32.1 * Stxmtiq lhemthcd used for~shall bathe stzidad
design of the erqina &nu.facturer. Direct injtion of ~~~
Cylilxkmi sthspmfcrredl nethcd Ofatedirq lergediez.sl elqines inprirre
duty a.mlstandby/marqanq duty plm. M.rlmtnEl areoptional formlallsr
Units. where erqi.nesize rqlirea theuseofrmra than Onaatdrtiqai-r
nutnras ircliratedbythemanufacturer’a atan%udimtmcti On, theewtm
ImtoIs, oontrols andassenbly ehallba prmidedes~ oftha en@m

~.

5.4.=.2 ~. - ~ * is u==for
~t-~ czm@mssor units Shmld be PIwidei. Om unit
-d have an electri~ drive, anioneunit ehould have adual
electric-nutor/di--engim drive with tntt.eq etert for the erqina drive.

5.4.12.3 Startim Air ReQ3ivem Where airstaztbg istobs used, air
-vers shall be sized to prov~ mltiple ~ head on the follmirq:

a) Forprima an5~duty planta with2erqine5, andnimmof
3~ahall bepmvidedfor~ angina. l?d.ere@.res aminimnnof6
~. Fbrsach acklitionala@nsair&var capaci~sha.l.l te addedto
Fide3~fortiqti -uptiatotal of12etarts. one
receiver ehmldbesizeflto prwideaudninm of3etart23 forthslaqest
unit installed.

b) -vare shall be manifolded in ~lel , each with safety
valves, isolating ad flew check valves, and autmatic CondelHtadmintmp
~lies. Fbrnonusl qemting eadl engine has itscwnetXt.iq air tank
so that msun2s3ful etartof aspecific ersginsdoe smtdeplebethe
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available WZIPmeed air. Ha?ever wrier emergency comlitiom, the manifold
all- for altemati supply fnnn other tanks to the erqines.

c) Startbgairpressum shall beas~
mnufacbmer. Normal starting air pmsmre is 250 ti/iI12[l?5~S?with
a 300 3b/in2 (21.0 kg/en?) design pressure.

d) Receiver ~ “on shall conform to Amrican Sccie@ of
Mechanical lmgti (ASME) SEC ED, Pressure Vesselsc, for the eystm

P===Jr= -1V4 .

5.4.12.4 Ele=tric Startirq. In staniby/mleKyerq duty plants Servilq
enxaancy loads arxlwhere cunpresssd air will normally not be providd,
eledric ~ using Eatiies my be enploysd if ~ with the engine
mnufachuer. Electric starting hatt.criesshall be furniehd to provide the
saue starting ~ci~ as is requhd for air starting receiver -city.
Etteri~ shall ke tivy duty type aunplete with tekteIY racks, cabling,
~==, =-, h@m@== ~ ~trols as recmmmled by the engine
atarter ard battery mnufacbm2rs.

5.4.12.5 Preheat Svetm for mstino St.am3bvAQnemencv LlltvUnite. @nsider
providing mgine ccolant ti lubricatirq oil preheating systems to facilitate
~sd tests of generator -.

5.4.13 Foundations. Dieeel engine-generatorunit foudation design must
ta@ into accw.mt the dynamic characteristics of the sail (refer to NAVFAC
m-7 .01, soil ~cs~ ard mchinery daracterietics to avoid resonance of
the fcamdation with the cpexati.ngequi-. Investigation of these
characteristi- oftm re5ults in ~ct dab ti thus =@=s fi~d
adjustmmts to the design. ‘he design guidelines given herein shmld be
cone.i~ minimum to beadjueted to-t actual m@mmnte Consu3t
NAVFAC Ud 7.02, Fovdations d Earth struc+mms, for furUler&.ecuee ion of
vibration pxublsm ard -1ss of design to avoid resmmce aml for *
an5 vibration isolation.

5.4.13.1 Investimtion. The following investigations are mce=ary for
units larger than 750 W, ard eleawh6we, whvr2 ~ial comlitiona iniimte
suchans6xl:

a) Soil Characteristics. Qmmic properties vary widely emi -
ke defimzd only mugh.ly within rather wide limits. Each type of soil, eaml,
gravel, clay, reck, ard the degree of misture saturation of the soil
prwides a different ard widely varying respome ti dynamic leads. Size of
kearirq area aml its dimnsions my also influence dynamic properties of the
soil.

b) Machinery ~cteristics. The equigment manufacturer usually
pxuvides eetinnted values tased on equipent dimensions, weights, d
CPe=tm Sp==edaWI-lid-lmay not furnish precise values. E!eyoIXlthe Wsual
static data, it is ~tihave euddataae the urbalanc@forcesard
couples with their lccation, magnitude, d direction (t&h primary ard
~); plus .e&nX.@ taqu.e ard s@pi.rg torque, withcut lead & with
full lead on the gawrator.

5.4.13.2 &icm. As a design basis, a da5igner uses dab qsoilardJ
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madina dmwteristics khiti nay be omsidem5 as approximate rather than
precise. In msny ~tiirg pmblm.s which defy an =ct ana.ly+s, a safe
design my be ssurd by the use of a greater factor of safety. In the field

~ fhtion design, this spproa~ my ensurs Stmdmm3 SdSqUSCy
%lot ~ily dynamic stability. Nonml diffarences between the
prdictscl andactual chamcteristiffi Ofthssoil amlmchhery may hwe
adverse eff- upon the chamcterietics whiti might destroy or wipe out

~ -iw =@=. nle fhtion C21sracteristicsmay h further
affected by deviations in actual cmstw3don frm the -ils ~ified by
- fcwrrlationdesi~. - designer should include prwisions for field
~ d ~j~ of fourrlationue.s3in ~ where design studies
idicats a ~ible deficiency in design mrgi.m. lh.iamy be ScmKplished
bY_~~==$sleb~ outeide theminfuuddtion block. ‘me
dynamc sC3bility my then be check=l _“ menixdly by placing baggd sard
atvsrims ptisnmxlths unitupon thetasa slsbextensim whi.lethe
m~t= ~ w-. Whencptimn ndymmicequilibrium is thus

eaxi ray be replacsd with equivalent mse cnncrete ardmr=d to
the uain f&xiation blcck and ta% slab extension.

5.4.13.3 ~ ~ .%ilboringe should exbend no less than50
ft(15m) balcwtha bottom of init fcnndations, unlesr3rockwillbs
mmmbred at shsllwsr depth. From these borings, S.11-le soil besrirg
i==== =@=9===tir ~ - f- Pfi= ~ ~ ~. ~ti~
design shculd te gmerred by the folldng:

a) ‘llmentire foumlation bearing surface should tiatthe~
elevation. Ste@ or ~ at support lwal should be avoided.

b) me unit foundation suppxt lwel ehcu.ldbe carried at 1% 30
in(762mm) belcwanytrendes or basemmt
the unit.

flmr levels whi~ are adjacent to
mismayben2dlKXm to 18 inches (457.2 m) for 750 kW or smiler

units.

0 ~ static load design rainforo2nE!ntis 2/10 of one pament
of the cmxia~om.1 ares @tally ad horimntel.ly for all foumlations.,,
M.mmnnre.infomem2nt fordymm.ic loads shall beatls3st3t05tims this

Usually, the entire ftition block is mnsidard to be
affectd by-dynamic loads. l%r larger or mt well balanced uni-,
reinforcimj slnmld te desi~ ablmtmlly heavier.

d) If beating lwalissolidrsxk, suchthst there isandninnm
depth of 5 ft (1.5 m) of reck, cover the tearirq surface with a 1.2-ti
(304.8m) layer of - for a cushion.

e) Great careshould be_ to avoid ewcessivs or unequal
Sett2emants. Gem2zally, ths soil at elwstions q.nn which unit foundations
will kear dilEctlyshm.ld te@leofsqmrtbq a minimum uniform load of
3,000 ~f (14,646 kq/n?) without axces3ivs sattlemnt. ‘Ihesoil, at
elwatiom lowarthan thsbearirg lwelfor depthaat least equal to unit
block lengths, alnsaLdbe of uniform quality withcut layers or pxkete of wsak
soils. Ifthequality ofeoil remins indoubt, evmaftsra~iva
soil investl“gation, then ccmsider the usa of piles, piers, or ~.
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f) Where piles are mceesay, latem.1 forces my & resisted by
batterirq a prtion of tha pilee. Cbmreta piles, if used, should be
reinforced for at least the _ one-third of their length. Drive so top of
pile will project into diesel foundation blcck or base slab a ndnimnn of 6 in
(1.52.4m).

g) For small unite, isolated fourdatiom my mt be ~,
instead vibration iedatom might be enployd. Vibration isolators are
~-~ by tha e@ne unnufacturer, suti as for units which
~ ll~d~,, , that isnuunteaonstrucba steel suMaees.

h) ,SaisniCrestmintsam needad forea~unit locatdi.nan
International ~erence of 8uil~ Officials, (ICED), Uniform IMi.ldi.naCede
(U13C);riekzone30r4. Gecgm@ic lccatione of U’fx2seismic risk zones are
i.rdicatd ti NAVFAC P-355, .%israicDesicm for Euildime , =f= to U+7.02.

5.4.14 Cranes for Emine Servicing. Uee NFC4S14334, Monorails with Manual
=*; 14335, Mono7.ailswith Air Mater—Rmere5 Hoist; 14336, Crams, overhead
Ekztric, CR?errumim T’me. and 14637, Cranes, CWerhead Electric<
Urdermnnim (Un5er 20,000’PJurde, as appropriate W NAVFAC ~-38. 01,
Weiqht-mmll.im Equiment.

5.4.14.1 U. Hoists should be sizti for the servicing of erghe ard

===tor ~.9 Cranes should nqtbe sizedto extend ovar the entire
engine Cpemting area, tiltonly over qine—genem tor unite arritheir
associated laytiam space ~. Follcw the erqine-generator unit
manufacbmar’s rEcmmdations for crane ard hoist capacities. Hoist
capacities of 1 to 2 tone (900 to 1,800 Icy)are usually adequate for
smallar-eizrsdgenarat~ unite W mpacities of 3 to 5 tons (2,700 b 4,500
kg) are normlly adequate for laqer-eized engb+genara~ unite.

5.4.14.2 Electric Crezaticm. Hoists shmld be electrically pmerd for
2,000 W units artila?xga. Plants with 500 Idito 1,000 kW units should have
Imnli131yCpemted cranes d hoists. Plants with smllar unite sheuld be
pruvided with mnorails ad mnually opmted hoists.

5.4.14.3 @eliime. Where hoists are providd to service equipnent in
baeemmt or liner flcor areas, Opmings ehouldbe prwi-ingrourd level
flmr slats to allcw pnatmtion to the equipment in tha lmar areas. Fit
~ with rmovable gratirqe. lioietlaqthe .ehouldbeadequata to serve
the upper @ lwer plant levels.
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Section 6: sYNmmNmS GmEWmFs, EmrlXFICN, AND mXmIATIC2i

6.1 General. Diesal angine ganamtiq uni~ mvared by NFGs
apacificatiom (refer to Section 1) are rated for fmn 10 kW to ovar 2,500 M
~ out@. Figure 5 iniicates tha major cmpmmts that criqrisa a
~ 9’===-.

Direet-c.rrent .xctcer ft.ld

/[

Direct-current field with damper

(.rnrtis.sour) vindio~ (rotor) CO1l. L

Fat.cing mctifim

- Altemc.tin,-curren,
br..hle.n exciter

Figure 5
Spchmmm Geru2ratnrConfiguration

6.2 ~. ~~-==tit totha
of tha Naticmal Electrical Manufactures ILs.sociatim(NEI’4A)m 1,

~.

35

Downloaded from http://www.everyspec.com



M31AOBK-loo3/11

6.2.1 I@tiD3. P=3eIdless of the duty ratirq (i.e. for prim, stardby, or
v? use) NFGS ~ifications require that generators be capable of
C.arryu qthegrrs sWoftbedieael emginewithout~ the tmperatm?s
limits of NEMAFZlforcont inuoua duty.

6.2.2 NmlATemDem tum Limitation. Limitations are based on a 40 degree
C ambient arrlaltitudes not emeding 3,300 ft (1,000 I@ utilizing the
apcifisd insulation classes (B ad F). Where these values are ~,
NE31AEl etipulatesadecmaaa in the allcuable temperature rise.

6.2.3 NElm Tem3ara~ Claesificatiens. NmAhl Glbae@eteln@ratoXe
rise clasaifications, cmtimma ard standby. nleNFr.mxl~
~turariae shall mtteuaed asatasiaforgenara tar ratinga used in
~ or ==7=cY duty Plmti.

6.2.4 Galerated Cre.mma“ 1) Voltaae. The gmera tor voltage should be the
hiahest stadaxd voltaae amnermmte with the load served ad the electric
dikitution or utiliz~tion system dmracteristice. NEI.lA~ voltage
ratirqa shall te used, except where ~ial ccmiitians prevail. The use of
+=P-UP or ~ -fo~ ahculd be caneiderwilonly ~ ~
c~ . Stamiad generater voltages to & USA are as follcws:

a) 208Y/120 V

b) 480Y/277 V

@ 4,160 V

d) 13,800 V

6.3 Bccitation ard Voltme Wad ation. lha brushless exciter d
static voltage regulator catiriation is considered to prwide the beet
~onre.nce available ae it prwides all the features available from
brush-~ mtatiq dc generatnra or brush-type static excitem while
eliminatirq the maintmmce aml radio-noise featuree of the brush ~.

6.4 %rellelim al-dSvnchmN nq
.,

emratam in a plant shall k
capable of qzerating in parallel wi~ eQIMS @ shall be ~ eo
thatany orellunita~furnisb pmsrtothe uainbusattheaame time.
Where plants may cperate in paralle3 with ccnmercial pu.+er,Ccmslimtion with

the servhg utility must be mhtained. The plant shall be daaigned with the
capability for parallelirq with an infinite bus.

6.4.1 S@mmi.zation. ~zin3 operation - be perfo~ mnually
or autczmtically. fir both methods, cantLul of inmnirq voltigaanda paed ia
=o~am=~v? before clcsirq the generator circuit breaker.

~ relay series with the ~zing
switi ia ~. ~~ “Zing is provided ontiatterrW5
elsdric genaratirq plants. Aut5natic start up, SyXbmnization , ard eh@XkY@ll
ie nomally only provided for unattarrledplanta.

36

Downloaded from http://www.everyspec.com



MIEHDBK-loo3/11

6.4.2 -d Divi.si~ when gsnemtm!s Srs opmted in parallel,
~ti ~visim o; the electric load (kw) depends on the power aupplid
tytheeI?@lewh icilisco ntrolldby the Spss3. Hwsver, wictive
ICilomkmpere Resctive EWsr (WAR) division is shared accoxd-irqto
gensrat.m excitation. FnJvi.sionsb edjust excitation for kvar aha.rimgin
the gensrator control is @led Cress—cmm=nt Cmpmsetion. -—ulnwlt
Cmlpmsstion isprovidedbyeacb current tranefonrer supplying Sadl vol~
nsqu.latoramlacts tolirait eachgenamtar’s ahareof thetotalkvar
~. -1- is PX@rt.ions.lly Sharsd to Sadl generator’s Iathg.
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Eection 7: IXZNE CDl?IR3LsAND INsrmMmrs

7.1 CIJntrolsd ~ assist in emnmical operation,
?isim~~intemme of a generatirq plant. Imtmmki sense m=
m ~tm CaId.itionaarrlpruvide data to mmsum Q==t* ~. -
cpezator canmntmlthecharqee inoparat~conlitions toeme~ by
relmte Squipkmt. continuous d@ electric generatirq plants, provided with
24-hcur manmd opration are usually arranged for mnual starting,
~Z N, d StCpping ad with only aut5mtic protective controls.
=an@/==%=Y 9f=== ting plants are usually capletely autamted @
controls are Imatt.erdd. Rf9mte -toring device5 aml controls my be
li.nitd to system stati indimtion ad start/stop controls.

8oesdGovernim ~. sI=d9~’=@ra-=~intainths ~&atiT3m(freqxmq) after lmdimxeaseor~ by adjust- the
fuel deJ.iveredto the engine in proportion to the load regulatd. A. lorq as
the ~ifisd psrfornmme dmmcteristicsamuet,thetyps Of me sped
V- $=YStm prUVided (i.e.~ical-hydraulic, electric hydraulic,
electric, etc.) should ke left to the engine manufacturer’s discretion.

7.2.1 w Remlation. Sp2d regulators can be either sped droop or
is=hmnms @Fe. Droop qeration pannits engine sped to inmease as load
is remved. Iscdmmms ~tion maintains the szum sped at any load.
.SmEgovemmsc anheoparatsd ineitharmde.

7.2.2 Governor Oceration. @vernors consist of hydraulic or servo
~,- for fuel =1 in conjumtion with q2esd sensing sJmts.
Hydrau+c governors utfllze the catrifugal force produced by rotatiq
fly+n?nghts to actuate the hydraulic semo s@-. The electric-hydraulic
type uses el~ic signals for actuation of hydmulic semo mxham “sm.
There are also cmpletsly d ~C 90V_ ~. ~~ic sires CZUI
also te initiated by changes in frequency (speed) or respcml even faster, if
initiatsd by lead dxmgas.

7.2.3 R.rfonnance Re$nl“~. ~- -Zsd l==fo~
~.- givm in ‘IZi31e9. ~ rqunmmt provide uniform
cmcepta for the appropriate application classification without ‘~ti
~ technical ref”mments ad augmntd costs. The referencd guide
~ificatim d We $duetry ~ification frm the mst.imte Of
Elesztricalaid El~= =@J=== (IEEE) 126, SEee5 GOvernil-aof IntemEJ
Crmbustim Enaine-@mm tor Units pmvids system for in@m5mt or parallel
operation.

7.2.4 Mcdifimtions. Generally the use of the appropriate NFGS
apecifi~tion (refer to Section 1) is all that is n~. Hcweve, when
~3.0ng with the 10GX utility ~ is a ~tr = app~ of

rrnancecharacteristics arrlthe type of lmd sharing mntml
sp62ified is required. Epscial applimtions sudI as another inamdng service
or nure pmd.se fmqwncy ard voltage ~~-~~mted~a
‘==—w—== tnsis. Values given in !l%ble9 my not be available for all
engins sizes, duties, or manufacb.uers ami my either be ~ive or not
acting enmgh for a ~ific mqukmmt. It my h m??s eam(xnical to
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provide same type of pxer aoxlitioniq for many precise volt=qa and
~ a@icatifms. llleqqmdirg of thelxlrformnce =@r====d
generator sizes cmersxl by NFGS-16203tti=~iltY anq=ny ~
be justified by citing the reason, ecolmnication, data
prcxx=3in3, hc=piti service, or utility caqwy pamlleling reqJireMenI.

I Electric service Application

1
Per f.cmmc. Requirement

Industrial Public P*.ci..
C_t. ial Utility Pow, r

.%..if~..ci.. ~u~.. WCS-1 6208 UFCS-16202, N..*
mm 16205 I

Basi. for Specification IEEE 116 lEF.K 126 none
$ection 11 section 1[1,

A. LIp8rmded I
Ste.dy-Sc. c. : O.sx ~ 0.25X
Cov. ming speed B..d

: O.ioz

Recovery Time 6 Second. 3 second. 1.5 S.c.anaa

7.3.1 W* -~ t Monitoring and Shutdcwn Cmltml s. mendnilnm
~forpmtection of any diesel generator eetizmrpmb? the
fol.lcwingahubimn devices mn.itorirq the engine:

a) la lube-oil pressure with pre-slam before shutdom,

b) hi@water~turewith~a.zuI teforsehu@=I, erd

~onthesizeofmit ~thetype ofduty, addititi
-taring ard Sh@imnl CcZntlQls,such es: lmnitiilq moling fwater
K====ll-ofiP===reof-~ -~r Mgh lube oil
t=pemtum tiengine anddeytankl~ maykeprovid=i. medeeignar
shmld sgecify at lesst the devia?e remmsdd bythezwmufactumr oftha
engine.
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7.3.2 Rloine start/stlm Cmnklno Control. Engine start/stop control
logic c-try my ke nuunted on the unit’or in the generator ewitdxgear.
Theatart cycle isinitiatdby asignal to the .“q rotor whiti starts
theem@le. !llles@3psequen@ can be initiated manually by a stop button,
autcnmtically by engine shutdmn devices, or by protective relays. In the
aut5mtic rode, when the cmnking cycle is initiatd, it will ope.ate for a
pmeet piti usually of me-minute duation with alternate crank d rest
pericds of abut 10 secorxk. If the engine does not start duri.rqthis cycle,

~ti- c~trY is hut down. ~w stop may be initiated by the
enerator p~ive devices tit when activatcxi,ahut dcwn the

engine anddiemmdl the genemtor fran the load.

7.3.3 Oceration Mcde Switd. A Sel-r switch is lccated on the engine
gage board to select autnmtic or manual sterting ard stopping ucdes when
koth * of operation are requhsd.

40

7.4 Inetmmntatien. Imtmmnbtion is provided to -tor the engine
amlg enerator operation ard is mtd on the engine gage beard ad at the

tor control panel.9en+== In mall plants all instmmn tation my be lomted
at the diesel genem tor. menulnberofhstrumn klnayvary@3maing on the
size ard cm@2xiQ of the plant. lh.euse of solid-state control devices ard
instmmntation is ~ed .

Downloaded from http://www.everyspec.com



mLiiD8x-loo3/11

Section 8: GmERA’mR 03NI%31S AND PRmm!rIm

8.1 es. Gensrator devio2s provide the foil+
control features:

a) The gensrstnr ctit breaker pmvi.dae a swi~ device to

~mti~a~tor frmthesyatem

b) The operat.irqamt.ml point ~te generator switch.bq,
vrL&=lgaa175~ -W, ~=tion of genamtcra and Cxmmrcial
soumee, & a central point for mm.itaring of _ opration.

c) The genezatmr protective devices providefor safe _tion.
Refer to the American Nat.iormlStaxbr@ Institute (AN81), C37.2, Electrical

D3vim Function Nmbere , for AN81 device nmkeri.rq system
as+igment25.

8.2 1 Iocatione The generator circuit ~ m proted+ve
devices are lomtesl es kiate to the imi=.llation. ‘IhsWtin9
control point uny be install@ either with or separately from ita ascciatd
Cirulit breaker.

8.2.1 Daflruti
.,

ve LXe3ions1, 2, 3arK14 ‘Me definitive drswi.nq3(refer
to Section 1) utilize a aqm.ats control ewi“tchbard toprovida theoperati.lq
~ point. Nocontmls arspxwi.ded on the qansMmranifesder
=’i~efm~w the bue tie unit. Fbrplantshav@a
capaciw Of 1s=3 than 2,000 16i,consiclsra need for a cnntml console on tha
baeis of providing the follwing f=m.lres:

b) t40rereliable control, the ayat.m rsquima lexye ami varied
loaddlalqee whidlcasefmquant etopping alxl~ofganemting units.

8.2.2 Alternate D@.nitivs DesicnlCbntKol Inecunecasesitmyte
desirable toalsoprwidecmtml atthamik. tiacass mightme
in which the design configuration ~ a significant ~tion between
the Control Rcm3 ti the Switchgear 12ccnnor if simplicity of opxation is
~~t. safety considerations for ma”
Fm+ded = 10I73.SSthe Ci-ral.itbreaker ~

attheswitdqear canbe
isofthedmwmlt typehaving atest

pcsltion, @lemlee scareother uethcd Ofprwmthq Simu.ltam!me local ad
rercltecontmlie~.

8.2.3.1 tic l’r.ansfer8witd [Stile Vm“ta onlv~ Genamlly, an
autczmtic transfer swim +s used for single lm-wlts~ diesal gmerator
op3zation totransfSloadsfIUm anormlsoume to the genaratir. Cixcuitry
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isincluded tosenee norma Scurce failure, initiate etartirg of the engine
generetir, ad transfer the load to the generator. When the nonml eoume is )

restored, the Switi will autcmtically transfer the lead kack to the normal
scumeani ehutdmntheerqine after apredeteminedtinm

8.2.3.2 Multiple GrourriRhts. Emergmqoretardby- suppliesin
conj~ion with the ~m incming utility service for l-voltage eystmi
can utmduce obje2tional stray curmnte -use of the multiplici~ of

=~” A~lydesiw__is ~ to eliminate
neutral current paths d wde+rable grcumi-fault current “
~~~foremswy~ anietardbypwer=-m

inthe Ineti~of Ele&rical ami E3.~= -i=== (-)
446, Reamnmdsd =Ctice for -W ardstan3bv rower SYstems for
Ii73wtrial and Cmmnercial Aop1icatione.

8.3 Ooerstino CIJnttulRmuimnm ts. W@mmnts depim5 ugwn the size,

U=@tiwr @ ml~9e lev~ of @ Pl~. R=@==t
tod

revered herein apply
m-voltage, nniitiple+mit plante d should ke adjusted as appropriate

for lm-voltage plants which are often single+mit plants. Devix ehould be
~ on amtrul switdbmrde or swi~eax in a simple ad distinctive
fashion to aid tbe cperator urder normal or mergency mrditione. When the
nmber of c-t bmalcers to ke opemtd provides a cmplex electric
Configuratim, ~~d= providing a mimic bus. Organize dwices by unit
Cnntrol, ~zq COntlUl, d eyetem unnitorimj.

8.3.1 unit Contrul. Minimum unit control should provide the follu..fing
devices:

a) Circuit breakers.

1) Control switd.
2) Annmter ad transfer ewitcb.

b) ~ eoumes .eu& as generators or Umlmrcial input require
syndmnizing switdu2s.

@ CaErators.

1) Voltage regulatnr adjusting rhec6tat.
2) Voltage rqulator manual-off-autmatic switi.
3) Govexmr switi.
4) wattnEter.
5) vaXnEter.
6) Watthmr (Wh) demnd meter.
7) Elapsd Operatirq titieueter.

8.3.2
,.

Svndromzlno control. The eymhmnizing control is enezyizs.d

~-~ ‘Zti control switi at the ei21ected~ aniiconsiets
of the follu.vhg devices:
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c) ma vol~.

d) Iscran@ vollnk?ter.

8.3.3 J%mlss.ive OYntl@ . 1+3.1 plicy Syldmmization my dictate the
use ofa ~i= tyi= ~ * zelay (ANSI Device 25) which is
Prwiddin dsswith thesymimmizhq switito prevent cl~ when the
tlmsmrcee sralmofsralt Ofayndrom “zetion. - device dv=cke vole
on bothsidee ofac.imu.it bmalu2r, this prwiding protection against
-a ~.

8.3.4 F@n.itor” . System mon.itorirgisprwideiti aid the
vtiinevoidil-9g ~iti’=. - ~ of ~,
.elem.bq, srd~lcanva.qfrm a3arntsrqorthq there isaprob150 ata
-in location, or mportirq only of el@2ri@ qmntities ard mntml as
previmsly ~, to CXll@ex Illicro2sor+ased SW=.’*, ~1,
ad Uka -ition Systems (_).

8.3.4.1 ‘Iheopeta~ dutieaoftheplmt shou.ldte
-i- in _ sekdim. Lange prims ~ plants in mnute lccatione
Ormgerlemtion plmlmym.quim Scam. Wllereplents eremntimma ly
manned, requiri.rqonly the ndn.inm rmnitor~ is wsual.lyadequate, refer tn
Section 1, NFGS -if ications.

8~~_?j. This system prwides a rester station which utilizes input
~, fisld interface ~s normally in injunction with a

remId-keeping prilltEr. me SelSct.ed~rting, slam, m Omtrol furdione
should amsidsr thoeerquirsd for Enerqy Mmqemnt Cmltml Systlms (m)
eithsrby utilizirgenexistbg ~orprwi~awsystm.

8.4.1 ~m. .Sczn3form of surge pmteetion is usually
~ within a gemrstor plant. Suzqs armstem
pmteCtImCdFaCitOKSmy~tibe insta.lledatthe

in p@.lel with suqe
temumls of each

?-. ~ ~= capacitc= reduce steep wave fronts, tich if
mpc=edon rots~mchinazy asuldmault inetmeaes~ insulation
inpdss atmrqth of a mddne. ml uniti supply@ emrgamy leads within
atidingwhi chemnot subject tolightn.irq orswi~auxqea usuallydo
r=t-=%ls~~.

8.4.2 Generator Wutra3. ~ Gsneratnr rleutmls aregmlslidto
provide -ice reliability erd & fault stmsees ~ &m. ~
low-vollXqe Systsm, the mutral supplie9 pheaa—’m—neutrel lrXldeas =11.
‘menE?tho50f carm2t@ thensiltml tothetitiongrourd Systenlisaeh=td
- ~ to lilritthe available grcnmi fault carmnt.

8.4.2.1 ~~ l%rgenaratomh avirqagruurd~ pathtich
lmts the grulud current”torn fevalues erxiwhfmelxmmm “Calrmnts are
.ma.l.1,a solid grcwni amnsction is a~le. I.cr+vvltegegenamtnra are
Usus21y providd with addit.ions.lwto+ammd tlmci.ngso that the 1sss
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SXF_!SiVe solid~ can ke prwided, M this feature ehould be
-if ied.

8.4.2.2 Inmdanm G~. For mdiuarvoltege systems, @dance
~ is normlly prwided to limit grcud fault mrrentto a value equal
to or kelm the thres-@3ass fault mrrent. ~ctmce gmuzdhq
gmurd fault

is usedwhere
currmts of25toloopement ofthres—@ase curm—h3 allms for

satiefactm.y gmuml fault relaying; F@sistance qmmiing isus?dwlzenwafl
lcwer values of grmrd fault cm—rent are mmssary for system p~ion or
ccordimtion.

8.4.3 Protective Relavi.nq. PmtexXive relays mnstmtly -tor the
m-~ assure mx.inom mntinuity of the gef2s2atianad distribution
-~~ ndniozizethe damage to life d property.

~ Current transformer

&

52 Cimuic breaker $

3
) ‘— ~ttonal 10 C.C1O. of differential

current transfmm. r.

[ i 3

~N.mber when more tfmn one lcem IS required

voltage tra”, former

Relay Provisions

ANSI aesigr,ati.n
Where required

F.net 10”

Direct ional power
5 IG Ground t irme-overt.rrent All generators
51V voltage time-c. verc.rrent

W.,, of excitation
Reactors Negative sequence Generators lar*er

than 1,000 kW
Differential

=
. 25 Sy..hro.fm-check Local policy

Figure 6
. .

?4m2mm Relay PmteAioff
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8.4.3.1 ~~ on. Themrmlpm tectionmquiredfor
medium-voltage generatmre is shcwn on Figure 6. Chntml ~ is eu@ied
frm the station Mlt.ery Syeteln.

@ Piff~el Relavim [ANSI @vice 871: since diffarekial
relayirq utilizes a cm—rent differeme batkeen two@.ntstoiniicatea
fault, differmtial current transformers ahouldmtteussd tisuFPIYOthar
devices. ‘mecUrLent tmxlsforlEr lcc.ationpotiare stlownon Figlms6. l!le
~- Current transfomers can belccaa Oneithar sideofthegenetati
circuit breaker in aamdame with the mnufacturer’s Stanizd plactice. ‘Ills
lcdzmt f=+mre (ANSI Mice 86) is ~ for diffemntial relaying.

b) I@l vim (ANSI m ice 51Gl: The lcckowt feaWre is
destile for gxun-d IE&ying, but it is not ~ in planls havilq
-MY ~ ~.

definitive Cb=dngs (refu to section 1). Althcugh time—marcummt mlayirg
(AFLSIl12vice51) may be sufficient for ~an, it noxma.llyalso provides

~ slemnt, (ANSI Device 50), en ~ feature inthesaue
Snclcsure with the ~ day. ‘lhisunit canteblocked, if not
needed, but is available for dxuqing system amditione.

8.4.3.3 w%~ca Al@eheddhx$ eystemca@ili~ rank

vi~ ~ ~ _ti @QitY~ or a rate of frequmcy decline on
theeystsin caused bysuddenlmd charges. SystmblLlarlce calYbe&lisllEd
by telnPorarilYdroppm Selected feeder leads. Underfreqw==y ecilmes are

~;;z? ~ - ~ anltlnwedropptih adunt.ilthem is
nle useof umiarvoltage sensing is inadvisable since the

genemtnr voltage regulatom will terd ti caqxmsate for voltage my.

8.4.3.4 AD2LYQs. ~ ~ ati ~ve ~aYti ~ ,Sn
emlyeie ehouldheperformxi~ m@rmmta forne4aysGeman3
Cccudimtion with SXiAilq System. Fault calculations my id.icate the need
forpmtedion ineddition to the ndnimnnm@mmnts
Additional p

cavan35 previously.
~on my be iniicatd because of either the size of the nm

distribltitmeystelnorton=ntdlthe -distribution eyeteM. SeemvFI+c
K?-204, El~ic Rwer Svetem Analvsm for guidance on assembling the
information ~ for a cconii.natih ehxiy.

8.4-3.5 ~. o=~ closingad trippirg for
mdim-voli=Js circuit breakers should usually teprovided~a 125vetation
bettexy system. Fbr lcw-vol~ gSnSn3~ Pl~, 24 V or 48 V eysbms
-d normlly be sqplied, SXQ@ where very smll system utilize
autmatic tranzfer switches for Umnkamiel to gmemtirq Sy5telntransfer.
M calcium cells elnmld be utilized except when uaintmmce re@mmr@
justify the w of the mm metly nidce.1-cxhniumcells. l?atteriesera
highly reliable devices when properly nnintsinsd. Provision of a aewrd
ba~ system will usually rut provide any nure reliebili~, sime such its
-~ will beontheeamslevelae theeystem it bscks up.
Hmever, for vez.ylSIYS plants wtsider eupplyirg ~lf of the plant loads
frmeeparete tntteIYeyetmswhi~ caninterlccked soeitherortoth eyst=us
c=ulauFPly *lameYete= Cmnotbepamllelsd.
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Section 9: EUII.DINGfXNSI!RUCITONFOR DIESELrEIX!IRIC @NRYTING ~

9.1 Buildim Construction. Building types tich hcuse dieseldectric
genemting plants am either single-level or ls.m-lwel. l%u-level generating
plants my have a basemnt aml fiz5t flmr or koth lwels may h above
grade. Plant construction ~ planning factors are smmkarized in Table 10.

Plant
~le 10

Cbnstmdion l’yp2Planning Factors

~YP, 1 tern,

I of To 8, comment.

I
Plant Comidered

Single-Level plant.

Slab-o”-Grade 1. Size and number of units.
Single Story

Ventilation and Bo. rc. of
2. Adeq.. te site are.. comb. stio. air must be

Building . Engine foundation req. iretue. cs.
4. Ve. tilacic. n requirements.

Q ‘z:=:?

1--Basmenc TyPe 1. Adequate ~...mt. t ve. cilac i.. Vencil. ti.. of the basement
s.d Iightmg. will require ..ame ductwork

2. Sufficient at.irw.ya for access to extract air and fumes.
and escape from the basement. from ,he lowest level of the

I 3. Prc.vinio.s co prevent flooding basement. Adequate grating
of the b.uement.

1.

ace. at engine, u,.,t be

p..vided co rem... a.d
.ervice equipment I.caced i.
the basement.

i

11--F irnt Floor I.
at Crade

~ee

1“ 2.

I

I 3.

Sufficient door, for . . ..s. t.
equipment and to allow removal
a.d eervici.g of lower level
auxiliaries.
Sufficient stairways co allow

. . . . . . to operating level from
lower floor.
Sic. b.ildi.g so all drainage
is away from building.

Ventilation of Che lower
level is simplified and
usually wall fan. ore
adequate. Fou.dac ion blocks
are ue.ally built first.
Ex..s. ation ia . minimum.
E.~i.e. a.d ge.erac.ars can
be set o. foundations and
building comatrucced
afterwards.
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9.2 Simle-Leve.l Diesel-S3ectri tim P1ant Lavout. The
.singl==t.orysl~ layout is k usual design for emller

~~i~~ Pl~ (1,000 ~ -city ~ -1=) - ~ la- my
also be usei for lager aipacity generating pl~ where special conditions
dictate the use of a single-lswel installation. All auxiliaries ard ~
facilities ere lccatd on the aam level. Single level mmtmctian rqIixee
lmIe flcmr amE1. Tmnchesrlustte~ in the slab for mjor piping
runs. sudlblmchee~awkward for laxger genemt.@ capaci~ plar@3
with Seve2al unite installed in pam.llel. w~~r s@= ~ ~ly
set cm seperate fcur@ation blocks and are isolatsd from the floor elab. Soue
SLrellerakidlmmtsd units may be set on isolatms ami bolted to flmr slats.

9.3 wI.E=.I Di=eJ-EI=tric Gens=!tiM Plant L=@. ‘iM-level
installations omeist of an qqw2r level engine qeratirkg flcor ad a lcwar
level for major auxiliaries. ‘Ihietyp3 of la- is nnst a@icable to
leIqlerunits installed in prallel. SLILSlplallk3require less site ems than
do sirqle level plants en5 the cperetirq flmr is kept relatively c.lx of
~ons .

9.3.1 mm plant with a BaselnenE lheoperating flmrisatgrourd
level arrlmjor auxiliaries are installed”in a telw-grada basment an=a.
Gratirqs areusuallyprwided elorgsides aniattha frontof theenginesti
aid in ventilation erd to provide a~ for mintemme
lwer level auxiliaries.

Ofthewniteard the

9.3.2 *L@e.1 Plant ith a First Flmr at Grade. ‘13u2layout is
basically the same as the ‘-level plant with a besemmt. ‘me only mjor
ex=ption is that offices ad supFo* facilities are nmmlly l-ted on the
Secmd (mised) level. ‘me two-story arrmgmmt hassoue advantages over
other layuu@ in lightirq ad in ventilating feetures. A significant
advWxqe isin avoiding the C?allgem offlccdi ngwhichprevailin~
type installations lcceted in k climtes. where %n2aVlerCorrlitionsprlnit,
porticms of the firet flcar uny rennin open. Hmever, amsidemtion mst be
given to plant lcceticms in proxidty to noise+ensitive ~ arrl
facilities.
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10.1 Comiitione for Nomtmdani Plant Seldcion.
@p= my be mnsi~ for unusml

Nonstaldald plant
corditione where definitive designs of

diesel-electric generating plants are not appli-le.

10.2 Gasoline Em ine Electric Generators. Where the weight ti cc5t
t factor in selection of e@ne ~, erd wheraF kilowatt is a predczninan

fuel etorage space is at a prmium, gaeoli==2ine ~~ic 9an==~= mY
be cmsiderd for etan%y/~ w P1- -w -ency loads in
capacities frczn10 w to 300 kw. Diaadvmtagee of fire ~ explffiionhazards
in clo5ed Spaces d ~= for eP=c~ v~ilatim f=* Md @
evaluated. Also, consider the pmr storage qualities of gasoline fuels.
Refer to NAVFAC R.1-22,-troleum Fuel Facilities, for daracte.rietirs,
storing, aml hamlli.ngof gasoline. A life-cycle ecnrmnic aralpis is
required for the selection of a gasoline engine generator plant.

10.3 Gaeeoue ard mal.-mel Eiminee. Several considerations relatirg to
the fueluust teb310minteaccoun t when designing ~ plants.

10.3.1 Ges Heatim Value. ~ fuels include natural gas, ad liquid
petreleum gases, eudl as propane. Digeeter gas may else be considered.
VP rmuremnt -if ications for gas and for dual fueled engines, Whm
CJa SISOneofthaMs,ue@ thelwer heat~ valueof the gas fuel.
Engine su@iere can provide gwrmted perfoxnkmce levels based on the
chemiml ard physical ~ition of the gas propcsad to be USA only if such
data is epecifiad.

10.3.2 Wet Gas Treatment. Consult the engine manufacturer mgard@l
propr ~bmmt of gasses containing liquid hydmmrbm (wet gas) when dry
gas in not available.

10.3.3 Gas Suuulv shut-f f. ma hazardcnlenature of gaseale fuels makes
it -y to provide devices that shut off the gas supply immediately on
engine ehutdcwn for any reason, including“lU!Jfuel pre5sure or 1C5S of
ignition.

10.3.4 Gas Presure. The designer should deterudna the gas supply
ressure. Ifitdoeenot~ theP mininml requiremnte of the emgine, a

tocstercmp ressorray be~tetween thesupply arxithegaeemgine.
Somagae tnlmilqti dual-fuel erg-require uniform gas pressure. In
these cesee, an accurate pressure rqulating valve ehould be placed near the
engine. It llustbe Veil’tedCUtdCOrS.
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section 11: WXTER mNDF1’ICINING

11.1 f meatmalt Cmlingwater mustha treatedto lxlmve

ti~ ~“of ~ m~ f=p@Y *t P~ ~et=i= eff~ in
the diesel-ezqine ccoling system and allied equipment.

11.2 Choice of Treetmnt. ‘me dloice of treatmnt, typ3, ad
facilities depm3s on the moling eysbm, characb3ristic3 of tha water
supply, chemical anq30m3nb ofthowater, aldtlleccstof treamkmt. nlia
informticm can beobtaimri only bya~iled~ “ tionoft hewater
eupply. Water treatmmt amsulixmt.s should be retained to analyze water
aantples,~typeof tmatmnt, tithe dmimlsreguimd for
intenn3 treatuEnt.

11.3 ~~ Fbr them.im.ls~ mnvemicm
fac’umi used in water treatmmt system, re~er to the Natiorn2 Water well
lE230ciation(m) , water C@xl.itionim ‘mdlnical

11.4.1 Coollm C1.rcuits
. .

Radiator Jacket kater aml lubricant coolbg
_ for diesel erqi.nes,in -1, -d te closed-cimuit typ=
~~ V little mkeup water. In Zz@iator * cooling, the =aue fluid
is ueually ci.rmlatd through the ergina jackate, tui=hmqer aft=codert
lubricant ceder heat ccdmger ad fan ccoled radiator. In smiler sized
unite, the entire eqim, generator, ccol~ radiator, radiator fan,
tmtdnrgecr, aftemcoler, m ~@l Pi@~m~ = ‘ll
eelf-amtained orpackaged ona etmcdml - !mhbase. Whenwlits are
of large capacity, the ceding air quantities ~ large, and the radiatir
units ammvedoutside thepxfer plant huildirq. I.ncaseeofletyer
capacity uni-, the lubricant wolera can be inmxpmti with the mdiati
and becmeair ccoledbythemdiator fana. Inamrinaenvimunnmt
admiral~ mtal should be used for mdiator cmetmdion.

11.4.2 (XcAina Svstemf rLemer Diesel R?dnes In general, the engine
Crwling Cilcuita remin the %oaed-cimuit ~ with”ccolirq saqplied by an
~ radiator, ccolirg tmer, or other .smxu3 of Ccali.ngwater. ‘ma
W* ~1~ fluid m be cool@ tcwer water, ccoling S, river water,
lake kater, sea, or well water. -tiq tha pri.mry cd semn5=Y~ds
bymalts ofheatexcmqem ia esaentml to prwent high min@lama
ard miucd reliability of the engines ad =t e@kmgem. High
mmentrationa of di.asolvd salt.’, ‘“lids, ad turbidity in Intural water
~ can cause these Pr@lelm. limitmr~ and treating awling - or
Cooli.ngpondmakeupwaterie reK@rEd topn?vent fouli.IKJofhE4e@wqars
Cxmlirq tcn+areani basins. where diesel-electric generat~ plants are
lccab2d in windy ad dusty l=tiors, the use of ccolirg water recirculation
file will inpmve the reliability of the imtallation. In gemral, where
aubient tewgerabum mmlitions era suitable, dry-@pe radiator (air) amlin.g
provides the nrst trouble cml nnintmmm- free typaofaya+xm. Than=rl for
only smll anumte ofwater timkeup that last byeqxuasion tank

~ti”n re3ua2e the med for extensive wa123rtreatmnt aysb=ms.
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11.4.3 @eanWater ~ling. !lheuseo foceanwaterasa ~ of
coolirq adds the additional ccxrplicationof an active corrcsive fluid in the
w. -_&tiSObof~cl- typwith heat exchangers
providd to aeprate the primry ard ~ cooling Cirulit fluids.
Cbrrcsion resisting materials are reqm.rd for seawater punpa, pipirig,cud
heat .exdmngers, ti ~ial etainles steel alloys, titanium, or other
e3coticmaterials are usually employed. ~ive cscp2riencehas bem
develo@ recently in the installation d operation of desalination plants
of the Svaprator d ~erse -is (IO) ~. I@nainirrgi-ca~
problems center arcurd the primary seawater -, filters, a-d pipirq
elerN2nte. small reveree osfmeis plants weld te used to proime suitable
Z~m@r for radiatnr * coding where m other source is available.

0SITCSiSe@eU6_alSObe usedonbrackish waterer water with
other inp.mitiee to prcduce a satisfactory makeup water supply.

11.4.4 Exhaust Heat Reclamtien. Where heat exchange silencers are
prwidd for ccgeneretion of hot inter or steam, treatmmt of fo~ hot
water or kciler fesd water shall conform with requirements of NAVFAC Ui-3.06,
Cenbl Heat‘3.rK!Plants. See Table 11 for mxinnm boiler water concentrations
set by lmiler mnufach3ren5 to limit their responsibilities for ~
purity. Eoiler water concentrations should be kept belcw (preferablywell
below) these limits by the follewirq nk=ans:

d intermittent or continuous blc%+b..m,

I
b) ~W U&SUP water tred~t ,

~
c) feedwater treatment, 4

I d) internal chemical treabnent.

I See Table 12 for the effectiveness of aom typical water treabrent
~.

1 ‘M31e 11
Maximnn E!oilerWater Comentmtions

Total
Boiler To,.1 Alka- Suspended

pre.,.re solids
(lb/in2)1

linity solids Silica
(W311)2 (m8/1) (mgll) (1118 [1)

0-3003 3,500 700 300 125

114.1 tiply lb/in2 by 103 t. obtain kil.grm. per square meter.

2Mi11i*rau,s per liter (Iugll) - parts per ❑illion (p/m).

3F011.W boiler m.. facm.e. s .ec.me.d.d ..c.. quality criteria for

pre,.. re. .b.. e thi. le.el.
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11.4.5 Jntemal water ‘n-ea~. All heat genemting system erd Ccolifq
systems, where hater ie heated or evapreted leaving cmmlative solids,
-d be treated chemically while the ayetm is in opemtion. Table 11
gives the liroitirqboiler water comsmtmtions for steam boilem ad

g’===~=.

lbble 12
~i~ P3rforuerm of ScmZ water TreilbZErlt

Av.r.*e Amlyoi. of ECfl.ent

T,,otme.c Hardness Alkalinity W2 Di...lved

(.0 C. Co) l.. C. CO) i. c.c.ns solids
(lagll)t (Ugll)

Silica

(=8/1) (.sJ/1) (E611)

S.adi- ..olit. ot02 UnchanSed Lou t. hilh U.ehm,ed Unchanged

Deoimer.lizcr 0102 ot02 Ocos Otc. s Below 0.15
Evapo, ac. r ●ud ,..,...

.mnsis Ot. z 0t02 0C05 0 [05 Below 0.15

I >li,li~,.ns p*r liter (ms/1) - pact. per million (9/0).

11.4.5.1 Blc%.dc%q. Intemitteflt af-dmntimwe blmciam help to ~ th?$t
water quality limits are not exceded. ?Y@m?ntofwateruakeupasr+lti i3Y
limititq the anmnt of dissolved solids entering the eyetm.

11.4.5.2 chemicals Usd. The actual internal treatmmt with tics.ls is
part of the ~tion. nlesedle3nicals monlytedEkmimd by water
enalyeie alrithe almuntofnekeup water required bytheccmli31g systeM used.

11.4.6 Raw Water Tma bmnt. Whara turbidi~ is ~in raw water,
theueeof pmswre fillx2rewith aard or anthracite mxlia is ~
r of all other treatmnt eyitem. Rckaged presmre filter s@enls

~iel ad idustrial use are available, ready for installation ad
C%=+.ia . such system are cmplete with all filter *, filter meiia,
piping, alum feder, - valves. Where mw water mntaifte excessive calcium
eml znagnesim ione, the uee of pmesura tqpecdim ioflexciwqesyebms
(~ W?ZterSoi%?nere) will usually prcduce an acceptable makeup water
for mol~ tmer ad clmed cimuit croling system mkeup needs. The
treatirq of cmplex water ~itione requires detailed chemical ad
@ysical efnlysie ad -M remmwdatiom by Cmpetent water
cxznsul-.
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11.4.7 Water Treat3rentSelection Factors. Sea Table 13 for a general
guide to pseible ~ of avoidirq ciraiiatirq water problem. For
mllateral reading on the problem, refer to ‘Water ‘heatrrent!!in the American
Society of Heating, Refrigerating, ad Air Corditionirq Fl@mere (A5HP.AE),

~k, ~ 33.

Table 13
Cirrailatiq Water l’reatmnt .Sel-iOn Factors

Water Problem Once-Through Cloned Recirculating op.. Reci.c.latt.g

Treatment system Treatment system Treatment System

scale POlyphmph. tes. Chemical cleaning of he. ti.~ C.nti.. ous blowdwn.
Rydmgen-i.n con- equipment. Softening, pH P.lyph.. ph. tes.

ce. craticm (pH) con- COntrol . pm control.
tr.al. u.nual .Iean!.ng. Softening.

Manual clemi”g.

Cc.rm.9im C.rrc.ai.n reai. tmt Corr. ei.an resistant materialm. Cm-rc.. ion reaiec.mt
material, . Deneratimi. m.~er ial. .

Coatings . C.rrc.. i.an inhib itor.. C.. ti.Ss
C.rr.sim inhibit . . . . F.H ..ntr.l. C.rro. i.. iohibit. r.
PR control pll control.

Erosion Erosi.. resistant Erosion re. iata. t v.. teri.ls. Ems<.. resi. tant
❑aterials. Vel. city limitation, . mterials.

velocity Limit .ti.a. c.. Filtr. tie.. Vel.ci Ly limitative.
Removal of .br. aivea . Filtration.

Slime and Chlorinator. Chlorinator. Cmcim..s bl.wd.wn.
alga. Chemical .Igaec ides Chemical A18eecide.. Chemi..l .Is. ecide..

..d elimici de.. M.n. nl cl...~.~. Velocity.
!4 . ...1 cle.. in~. M..”.1 cle.ni.~.

Deli~”ifi.. tia. NcI.e None pH control.
of wood

Fu”g. n rot None None Pretre.s,ment .af w.. d.

—

11.4.8 ‘rYEesof Circulating CXXJant Sveter6. -PJW=+=of-
cirm.lating axdant eystms is to transfer heat frmn the heat generatirq
emrce to a lwer ~ture heat sink. Fcur vies of cooling system
are illustrated as typical approa~ to the plant design, see Figures 7, 8,
9, ard 10. Efforts ehculd be made to isolate the enqine cooling cirmite
frmlmntsmna‘ tdordirty
p2rfonmnce, mxinunn life,

coolants as one nEane of &sLlril-qpr@r engine
al-dmirJmnn nklintenance.
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Figure 10
cmling Water Flcs#Diagram: Air-Cko105 Radiator Syskn
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section 32: PIPIN2

12.1
. .

Material.

3.2.1.1 f50ecifications. Usa the a~iate NFGS el~ic generating
plant specification to ep3cify all piping mterials for diesal
~-ic-gms=t.@ plti with temperature samice helcw 7500 F (3990 c).

32.1.2
. .

wstal piping mterid should cnnfom to the
American Society for ‘lQtirq h Materials (ASl14)A53, Pire Steel. Black and
Hot-Diccecl.z~ted Wedded ?@ Samless+.

12.1.3 l?l- .C Pip”~. w iSSumce oftechnidre@mml& elxl
epscifications by NA~, eddmsr3ing exterior distribution of salt
water pipirq system, m plastic pipe shall be installed for this usage at
naval shcn-eactivities without prior appruval of specified ~lations by

See NAVFAC!12+3.08, Exterior Distribution of a
Gas. arKicoll@Jres.sed* for design guidams of

other exterior piping syitsms.

Pi= m icknes9. Schedule nmbara lisixd in the Amrica.n National
$Xiards Institute (ANSI) 536.10, welded am Seamkss wrouaht steel Pire
CS1 to certain wall thidmesses for nominal pipe ~ SIE3axe’in
~ ~ta ~tio of 10000- * ~ P==== (row= ma=
fi~)tiviti~~dlple~(-~~fi).
schedulemnbareare~ ~ term wh.idlM-W thickness,
sud es “~, ,,n- -, ,1& “double extre-stmrq. ” Pm- UUra
aamreti formlaa for pipe thidmesses, refer to ANSI B31.1,

3.2.3
. .

Fksxibility.

. . =~-w~ W- flafiity in all piping ~12.3.1
pressure. Refer to NAVFAC U.1-3.08, Table 11-7

for expnsion of mtals with tenpmtures. Provision must also be made for
restmint erd guidirq of pipirg in seismic zom aress, as outlined in NAVFAC
%355, *ismic ~ign for mild.imy.

3.3.3.1.1 ~. m ~ of calculating stress reactions

~~inpipti~~ ~~io=~vs~~~~.
Sevem.1 pipirq +m manufacturers supply calculation forms or graF$E.for
estinntirq SudY values.

12.3.1.2 @m SvwteM Flcx.ibility An inflexible piping system can
Werstms thepipirqa lxldestroy &mected
flexibility of a pipa arraqemnt can be datammd

*- d anchom. ‘me
onimpGrtion byan

~iemed designer. Where reasmable doubt of flexibility exists, nkale
fomal piping stresi calculations to verify that the Stms3espernlittedw
Sect.ion60f ANSI B31.lhwerut been~ d that pipirq reactions ad
nmats. attheequipmmt mnnections of andmrs are not excessive.
Flexibility of a pipiq system my be ~ined by mthods describd balm.
Refer to seismic design ~ in section 3.5.
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12.3.1.3 Obtainina Svetem Flexibility. The follmhg are available mthcde
for obteinbg pips system flexibility:

d Off~tS. UIaIqing the pip direction is the mst escnmniml
methcd of flednllty amtrol hhen feasible, ~ially when u.sd with ball
joints or grooved caplirqs.

b) Expansion r-ocps. Use expansion loop to limit pip S&e5see
amltogainthe~ fl+ility where changes in pipe d=ion cxumot
be used or are inmff iciently flexible. Pip lccps & offsets are preferre3
over bellcws or slip type expneion joints as they have high reliability, are
nnhtenmce free, ?nx3require less anchorage ard guiding.

c) Expansion Joints. Where space con5itione are very restrictd,
as in a ~, expansion joints of either the bellaie or slip type are
appli-le for axial mv~, ard the kellcs.4etype for SOIN2lateral
IUYVement,when the bell- is designed for it. E!oth- may be used for
ee.rvicepressume up to 250 3b/in2 (17.5 kq/c&) for saturated steam. Higher
~turee have a deteriorat~ effect on the packirrp of the slip type.
Also refer to NFGS-15711, Hot-Water Heatina .%etem, ad NAVFAC Ill3.08.
Maintaining pipe alignmnt is essential to the proper operation of all types
of expansion joti.

d) Pipe Ss&ions with Eall Joints or Grcuved Couplings. Where

P~ cord.itionepermit, pipe eedions with ball joints or grcoved
omne&ione may be USA for three dimensional uovcments. F?alljoints ad
~ti -1* are Se.lf-restraining;their proper use can minimize the
need for ardors ad pip a.1.igznmentguides. Prcpr selection of tall
mt~ ard & materials will ensure lengthy lcw maih@rance life.
Groowxl cmpling gaskets shall be of mterials suitable for the fluids ad
the tPnp2ratures involved.

3.2.4 A1-choB alxiSuDcorte.

12.4.1 Location. Locate amhore to control pipe line +xuriion @
cnntractian daracteristics ard to limit w.ments of b- takeoffs frcm a
mill line. Careful amsideretion should be given to placement of mors in
piping eyetem. Often a more flexible system W lcwer ~ will result
bytheuseofamininwm nmber of anchors, except in lorg straight lines.
Anchors ualetbe provided to limit lateral uotion of piping ~ due to
seismic fonx2s when installed in active seismic zones.

12.4.1.1 StoES aml tides. Use etq6 or guides to ~ mvenxmte away
frcznsensitive equipnent such as pnps or tuxbime or to keep axial
alignments, particularly at expansion joints.

12.4.1.2 Riaid Ham ers. Use roller or rcd rigid hang- where vertical
~ is limited ~ not where they interfere witi.pip flegibility.
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22.4.2 Jmchor and Sumort ‘Nms. lhe follcwing descrikes andmr arrl

~ -:

a) Fbr ucderate vertical nuvemnts, use spring ~ with
previsions for adjustment.

b) Fbr large vertical mvemnts, use ~tirq sprirq or
mmterpoi.nt harqers.

c) For resilient or vibrating ccmiitions, usa nom=mmt,
~~# -Y ~.

d) Anchor reactions ara obtai.nd fmm flexibility Akm.lations.

12.5 ~. m welding of piw joti, refer to ANSI ml, the
Amrican Society of Medlanical EngilleeEl(H) , Eoiler al-d~ Ws.se.l
Crde SEC 9, qualification tiazrls for Waldi.m and Brazi.naPmcdums -
WmS-35711.

12.6 F’I.m?=.ard Rec=mm3 d Vel.ccities. Refer to WAVTXC CM-3.02 for
f2uJs ad Keammd4 Ve.hXities.

al ard Smcialti Refer to NAVFAC U4-3.06,
z, for ‘@v& & ?l@.alti::

Gmtml H6at.@
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Sactio3513: 33iSULATION

13.1 Insulation Materials. See Table 14 for characterigtica ard tqperatme
- limits of insulation materials appli~le to diesel-electric generating
plants.

l%ble 14
Characteristics of ‘Ihemal Insulation l.hterials

Accepted
Maximum DeIIe i t

1
Typi..1 c..d.. tityty .C H... Temp... re2e2

F. rm Uacer ial (Cmpoc. iti.n) Temperature lblft
f.:Fy. e 40 70 100 200 300 500 700 900

Blanket s.. Mineral “..1 (rock, slag
or glass):
Metal reinforced 1,200 6-15 0.29 0.35 0.42 0.56
Felt-flexible type 450 0.5-3 0.23 0.25 0.26 0.311 0.45
Felt -se,mi-ri~id type 450 2-8 0.2k 0.25 0.27 0.35 0.44

Calcium silicate 1,200 11 0.33 0.38 0.43 0.53 0.64 0.75
cellular gla., 800 9 0.37 0.39 0.41 0.48 0.55

Blocks & Corkboard (without added 200 6. 5-8 0.26 0.27 0.28
board, . binder).

Di.stmace.. s silica 1,500 2; 0.60 0.64 0.68
1,900 25 0.70 0.75 0.8C

Pipe Mineral wool (rock, slag
lns.la- 0, gla,. ):
[i... Lo. temp (asph.slc or 200 6-18 0.28 0.29 0.30

resin bonded)
High cemp (resin bonded) 600 6-10

(With i..r~a. ic binder)
0.28 0.35 0.43

1,600 16-24 0.34 0.39 0.4L 0.5b 0.64
Plastics (f..med) 175 1.6 0.26 0.28 0,30
Rubber (foamed) 150 0.23 0.24 0.25
Calcium silicate I ,200 151 0.33 0.38 0.43 0.53 0.64 0.75
cellular glass 800 9 0.37 0.39 0.41 0.48 0.55
Cork lwitho.r added 200 7-10 0.27 0.28 0.29 0.30

bi.dar) .
Diatomace.aum silica 1,500 22 0.64 0.66 0.71

I ,900 25 0.70 0.73 O.m

l.s” - Mi. eral wool (..ack, slag
I.ci.g or glass):
cement With colloidal clay 1,800

binder.
2&-30 0.49 0.61 0.73 0.83

Lo. cempece, tuce (asphalt 200 15 0.’38 0.30 0.J3 0.39
or resin bonded).
LOW teu,per. c.re (fine 450 3 0.22 0.23 0.24 0.27 0.31
fiber resin bonded).

Riah temperature blank,c- 1,200 6-15
type (met.1 reinforced).

0.29 0.36 0.62 0.56

Plastics (f..med) 175 1.6 0.26 0.28 0.31
Rubber (foamed) . 150 5 0.23 0.2& 0.25

‘These tew.perature, . . . w.e. ally accepted .* maximum. When .per. ti”~ te. pe.. t.re approaches
theme limits, cbe ma.. factu.er ,. rec.mmendaci.ns eh..ld be followed.

2Them,a1 conductivity (k) .f industrial and pipe ins.lacio.s f.. mean temperatures in degrees F i.dice. ted
is expreds. d in (Bt. ) (ft )/(h) (fL2) (°F).

3C.mversim factor. are as follows:
‘C - (.F - 3z)/I.~
kg/m3 - (1bslfc2)(l .6)
(W)(..)/(.n2)(0C) - (. Q173)(Bt. )( fc)/(h)<ft2)(. ~]
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33.2 Jneulation Amlicati‘ors. UsS criteria in NFGS-3.5250,,Insulationof
cd.lsvstens to ap2ify materiels for insdating ard ==* PiP*

ad equipmt. Sp2de.1 insulation is includd for e@na exhaust piping.
Water eml luke oil lims to generators are mt specifically covered. 8ud
limsattzde dtotheemjnaor withaflcw pathtlumqh theerqire are
considered to bein the tempera- range of1400Fti200° F(600 to900C)
ard therefore require imu3ation. Only aatxSX6-fme Inalmrialsshall be llsd
for insulation, as is required in ORWWINST 5100.23, 17005(a), ~
ClXu?3atioml safety and rfaaltiPrwram.

13.3 ‘IlliCJmess ‘me Cmputerpmgm. of the Themnl Insulat-icm
PhnufacturerscAsscciati& (TIFm),~~f “c ‘llli

on, ahmldbe usedtoaelect the mstastef~ective thichese.
o

Jnsulati

13.4 Fim Limitations @ui.ldingan5 equipmnt ineulat.ionmterial ahmld
haveaf3am spmadrai.irqof25 orles, emisnnke dsvelopedm~ of500r
leaewhen tested inacadance witi tha Amrican Scciety of Mechanical

w ine3rs (A91Fl)E-84, Surfacs Buxnim Chamcteri Sties of Buildina Materials.
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14: C13F@.XID14~CN

14.1 Justifiwtion for Corrosion Protection. Gmroe.ion can cccur in
almst every mtallic mtstmce toeomadqreea ndinm anycases toaeevere
degree. A corrssion protection prcgrm “dmected against severe uxrmive
mmi.itions mst be juetifid on the basis of econmy, ===ityr ard h.azdde..

14.1.1 l@213mY. - M, OP==tti, ~ ~in~ cmte ofa
wrrmion protection prcgrm shwld be less than the sum of the following:

a) a6ta of ~ lme or damge due to mrm5ion of mtal
Stmctmm,

b) ccste of mintenmm attributed to mrrmion, including. .
~ lcseee, such as leakage less of tank contents,

f=) ast immases for “wer.design” ti excess of actual
m@xmmte to allow for mrrmion lmsm, ard

d) cmte of ehutdmn, pxmr failures, labor lcseee, ard other
i-.

~

14.1.2 tX6?rationalNecessity. Nili~ facilities must h rraintairedin
aetateofmdiness at all tires, with the inprtame of the mission
detemmlng

.,
thedegmeof necesei~ for mrrmion protection.

14.1.3 HazaIde in Handlim Materials. Preventive masuree are ~
where deterioration of structures serving fluid or gas pipirtg,storage, or
-w eq@anent, may result in dangerous lmeee by fire ard a@osion.

1 14.2 ~usee of Cbrtrx3ion. Corrosion is the disintegration of a metal
by one or nmre of the following =uees:

I 14.2.1 El13ztK-melnical (Galvanic~.

14.2.1.1 Dieshnilar Wtals. ‘lUumntactirq dissimilar mtals or prtions
of a matallic dx3tame in contact with an ekctrolyte, sud as water, soil.,
or dmn.ical solution, will.muse an S1-ic current to flai from the
relatively Pc6itive-charged mtal (anoie)to the relatively negativ~e5
* (cathcde); as a result, metal ions go into solution.

14.2.1.2 Cmnn23ion Pr&e&bn. Refer to NAVFAC U4-4.06, Licfhtniruard
Cathcdic Protection, ad NAVFAC II-5.07, Civil wineerina, Water
~t for additional details.

Suwly

14.2.2 Differentiel Environments. Netals ‘lmEm5%3in dAtmceshaviIq
diffelsmt mnmntrations of ions (such as different soil compositions) will
result in a.mrc6ion.
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14.2.3 trav CmXente small elsdric CmXwlte Ilayetmyfrmaou=es
direct mrr%t

of
erd cause krrcsion of MS in their pethe.

14.2.4 C?mnical AttacJs The basic actitm of chemical attack is
Sledxo+mm ‘cdl; the atte~ on mtals is usually unifom xather then
loralizsd.

14.2.5 ~crobioloaical lTubarmlati~ . Thielqpeof mrmsion prdlmes
deterioration of *S as a result of mtabolic activities of
~~.

14.2.6 jmmscheric. C9rmeion of lmtals exp2sed to high humidities (over
-10pament) SI15M* Cmvmtretions of Sitbeme sulfur ad carbon oxides.
salt-laden atmdtema ereelao ve3wcXmaln i.nlxasta2 areae. Asnava2
Mlatiom G usua.liyclcee ti””iheocean or other watemaye, careful
attention mass be paid to the selection of mterials used for mmtmction .
aurfeo2 treatment, Unrrete reinforcement,
~t pipimt ~ s~= ~.

.electri@ corx?uiti,support “

14.2.7 and Fatioue. Stress ad
initiate CxnXceion, butinlmetcasesthsy

14.3 ion Cbntml Methcds. use
control corrcsion.

fatigue of mtals usually do not
my accelerate it.

0m2 of the follcwi.lqlEthcda to

14.3.1 1ic Meterials.

14.3.1.1 ~. - ~~~ of
aurceive env~ is often desixable:
pipe cud vitrificd clay pipe my be used for carry~ acids am? alkalies in
mrrceive aoils.

imxc miteri.e.lsfor ~tels in
for examle. reinfomd amcreta

14.3.1.2 Elastics. The = of ciumica.llyS@hSSiZed UiSteri.S.lSes
suktitutee forlneb2s Imlette~ed bytheNA~~.
Plastics al-dother mnferrms fibers can Signifitiy i====y~
of ~. Refer to NAVFAC U4-3.08, ~Q

.,
0

for guidarm k crit.erieform. Cnw. Fuel. Gas.
the use of imzqanic pipiq materiels. Refer & the Imeria CEmzeta
Institute (XI) 544.1, Sta-f-the-Art F.emrt on Fiter P+einfr=d Clm===.o

14.3.2 ~ive F$3tele. Fktals which are passive to their envirmmmta
uaybeused, .EUc41ee:

b) lead ml its elloye,

c) km sUuys (austeniticgray, high silicnn,
ixm+mmiunmickel, ni-reeist, ductile),

d) stainless Steeb (selectivealloys),

e) Inste310ye,
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f) mnel, Eu’Kl

g) columbium, zirconium, titanium.

14.3.3 Metal Protection.

14.3.3.1 Prottiive COatirae for Cbrrcsion Control. * Table 15.

‘mble 15
Protective Ccatirqs for Corrcsicm ~1

covering Matec i.: E“vir.amne”t Metal Surface

Paint Primer Dry interior atmosphere

Shopco.9t:
Eq. ip... t ..CI pipi.g.

Alkyd Humid exterior atmosphere
Phe..lic

Eq. +pme. t ..d P~Pf.K.
F.eeh water immersion

Vinyl
Eq., pine. t ..d P\P\%.

Fresh and ..lc water immecsio” Eq. ip.e. t a.d P, P,.Z.
Silic.” (400. t. 800.F)l Hot .tmoaph. re Steel st.scka.
Aluminum flake (1 ,200.F) Hot c.rr.. ive acre. qhere Steel tack,.

C.a Cings (5 c. C.aIT1 c.. bitumen Ferrous pipe.
2D ❑ila). Coal tar bitumen Underground and fresh water AWWA c2032

immersion
U“d.argrou.d a“d salt water NAVFAC 1S-09805. 23

immersioo
A,phnlt Nat re. mmaended.
P.ly. i”yl chloride (PVC) U“dergc.u”d Pipe.
Porcelain enamel (1 ,0000F) Hot corrosive amn.. phere Steel stacks.

,i. ings (60 milt ?Ia, tics Corrosive c..tenta Pipes and t.nko as
and more).

Rubbmr
approved by NAVFAC

Corrosive c.”ce ata Pipes a“d tanks.
Ceu,e”t Ferr... pipe.
Lead. Corr.. ive contents Pipe. and Cn.ks a.

approved by NAVFAC

:empor.,y Grease storageofmetal,.
;.lv.. izi”~ Holcen zinc bath Corrosive atmosphere. Pipe and .heet metal.
iherardizir,g Zinc dust applied by cementation Cc.rrosive eun.spheres
;le. tr.plati.g

Base for pai. c 0. metals
Zimc, cadmium, chrcu,ium, and nickel Corrosive stem.phece. Ornamentation.

by electroplating.
Ietallizi.g Molten epray of zinc aluminum, C.rr.. ive .t.mc. spheres ReP1ace spent metal.

copper, et.sinlec.s steel.

1 C.nversic. ” to OC - (OF - 32)/1.8,

2 American Water work. A.s.ci ati.. (Ah”dA) , C.a.l-Te. r ?rc:eccive C.ari.8e and Linings for Steel Water Pipeline. - E.mel
.md Ta=e-No t-Applied.

3 NAVFAC TS-09805 .2, coating System. (Vinyl and Epoxy) for She. t-steel Pili.~ and Other Steel Writer fro., Structure, .

14.3.3.2 Ferruus ~tdk . R?cauee ferruus mtals are not passive to met
environments, they mstbepmtected by isolating than frm their
envi.runmnts.
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14.3.3.3 Aluminum, liaanesium.ard Tl@.r AlloYs. Aluminum, mgneeim, an3
their alloys are actually usei se eecrificiel ancdee. Aluminucoalloys ~ted
with pxe elmisnnn (dumlm.inm ) ~ Omrosicnl resistant because of the
rapid fomk=ztionof a herd elminm oxide that form on the surface of the
pXe a.luminucaextennl surface.

14.3.4 of Environment. Summr@s my becflan@by Sny of the
follwiz’q ZEthds:

14.3.4.1 Wet.erm=dm=nt. I@fer b section 11.

14.3.4.2 ltom mese~retazd mrrmion by imreaeiclg the
polarization mteat&in2ranemde orcathcd.e mtdl or both. ‘iheycana.lso
Wild IIDelectrically reeislxmt film in the ~cmm—~~
eml Cdicdee. * ‘I%le 16 for inmqanic ===iL~A~~T
inhibi~ are, for example, gluccsates, .m.ims, ,
Sh!,ilar~.

14.3.4.3 soil Altemtiocl. Replace corrc6ive soils with sad or treated
soils, or change soil characteristics by prwiding adequate draicnge.

‘Ihble16
Imrganic Inhibitors aml ~ion SysteMS

I Inhibitor
APPC.X. Inhibit..

Co..mcratim corrosive Er.virolme.t Metallic Sy. t=.
(x)

Sodiua.hronsc.

. Sodius dichrcaace

SdiuO dichr-c.

+ sodiua nitrate

Scdiua hex.taet.pho8-
; pllace

Sodiua net.pb.sphac.

i Sodiun.rth.ph..ph.t.

Sodiun .ilic.t.

Zmall.Wu!lc

0.05-0.2
+ 3.0

0.10
0.3
s-1 1 .Smmc

0.5

0.07

0.013

0.1 . 0.05

0.002

s=11 amount

0.005
201 of ,e.wotec

1.0
2&111 mount

voter *,*tar.,

Tap water
seawater

0.301 n IIom 001utioo

0.03: llacl solution

Cos-cc.”d.llsac. well.

COO1iriS w.ter

C.C12 brim

Air-. mditicmi. z water

vat.,

Water about @l 6

An9ni.

water
Se.waterldl stilled

water sixt. re. .

water pli 1.2s

Sm”at. r

steel.

Iron-b,.,,.

steel.

I
Aluni.u=.

Mild .te.l.

1,0..
Electricalr.ecifier
s,.ten..
C.,b,.,,.

Air-c.md<ti.. iq
equiponot .

LIeac-exchana. rs.

Lead.

l!ild-steel
c..detwrc.

l!ild-aceel.

Iron.

Z“, 2.-AI .1t0Y9.
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Section 15: mSCELuNmUs

15.1 Site Ctmaideratione. Consideration should te given tn lccal
mnditiom where may it require tificatione to definitive drawings d NFGS
.spcifimtione (refer to Section 1). SOm of these corditiom to be
amsid=ced are as follms:

a) general site .eekstion as it affects ~, flccd
P~ “011,P~tY ~ l~d~ COOl@ water source, corrosion due tn salt
water spray, etc. (site elevations will also affect di- mgine output.),

b) climtic ccd.itioni whid affeet engine ccoling system,
u- heating sni ventilating, weatherproof*, etc.,

@ life ~ of a plant which will affect the typ of
kalildirqmterial to be used,

d) availability arrirelative cost of various buildirq m+terials,

e) availability d relative ccst of various trained construction

~t ~

f) ~ity for cnnetruction lvating in mld climtes.

15.2 Hazaxde safe ~Lm.

15.2.1 Iccal ties. All @_ shall cmply with state cud local
Safety cedes.

15.2.2 National Industrial Safetv Cedes. The followirq cedes apply:

a). ‘Ilvs~ican National Stad.az& Insti- (ANSI) AI.2.1 ~
SIk5wall ~, Railinqe, alli!tt.escada.

b) ANSI A14.3 Iadders Fixed.

c) ANSI 253.1 Cblor Code for Markiru Fiwsic.alHazards.

d) 29 Comyeesioml Federal R6qieter (CFR) 1910, Cccupatioml
safq Health MminMXa tion (C6HA) Cem3ral Irdustm ~.

15.2.3 Fire Fmtection. See Militag hardkok, MIL-HIXK-1OO8, Lti
Pmteztion for Facilities Emineerim , Deaion, an5 @instruction.

15.2.4 .semritv ard Safetv Protection. See NAVFAC tl+l series,
Archi~; NAVFAC U.1-5.12, Civil Emimerim, FenciM, Ga*, d Guard
Tcm2re. ard NAVFAC MIL-HDSX-1013/1, resiqn— J Guidelines for K?weiml ~ity
of Fti ~-Easd Facilities.

15.3 Architectuml Critiia. Refer lm NAVFAC Ilf-1series.

15.3.1 The definitive drawings (refer to
Section 1) elm the general plant arrmgemmt.
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15.3.1.1 LX?finitl‘vs Desires In g-e!, a diesel-electric generating type
IX== Plant should have twLA~-~ cnnetruction for Cefinitive Designs 1,
2, m 4, SIEione-level-typ3 cxmstruction for lksign 3. see Tables 1 ad 10.

1.5.3.1.2 N- mter=i-. Lean-tn typeextensions to the mill
=~wti~~ml:hcuse auxiliaries ad switcfqear should ke used to

3.5.3.1.3 ~isions for Futme Qxensicq Contmct dmw@s of
dieSd-el~iC ~ti.rq Plant ~d@s “should provide m easily muovable
elxlWa31 for future expansion al-dprovieicm for rE9nXiIg generating units
frm the build.irq.

2.5.3.2 -c= arh M-mr Plen@ Plants without wane, or with
m walls e2iminaM, my be fasible im k ad temperate climates thereby
reducing mnstmdion m. PrcQer nmsuree rmlstke tdkenagainet freezing
of titionazy water. ~awtiw~,mb andty@oonsmsttZ?
cnmidered, tqether with noise contxol ~ ad SesUrity. Eq@mllt
that is weatheqreofcrl for mtdoor eer+e eaves d of building
mmtmction; ~? -ti~ ~ =~ ofaqu.iprmt is madem=
amrplicetsd ami mstly. Packaged, StarK3-aloneunite have their m
&c6ures aml am ellcwed in smaller sizes; hmever, they must meet all
other criteria. Plant site corditione elnm.ldb studied ard an eumcnnic
St@yahou.ld bemniuctdtodetemim whether imloor or outdoor housirqs
should ke specified.

3.5.3.3 ~. The follcwirg features for amhi~
a~anW dmu.ld be umeidered:

a) minimize the tuta.1Mi.ld.bq area eml voluue where practimble,
a also uamtain adsquete space for installation erd for subqxmt
~ semicing ard m@m2mnt,

b) omtra.lization of electrical equim @ amtrols,

@ adequate aisle ad laydcwn space,

d) adaptability to various makes of equipmnt,

e) ~ility to definitive designs,

f) localization of cperetione,

g) ease of replacimg qu.ipnent e.rd=&3ding the plant life,

h) ease of plant @pinion,

i) lend.irgemlmbadi$gfu elelxlequipment, aniparkiq for
autmdilee am? trucks,

j) tdle&, lcckre,

mntml rcarc3,
ehowers, wrk ahcps, offices, etnrage, and

k) equipx?nt platform with pqx!r access,
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1) a~thrcugh flooreinto~ zmsae for installation,
servicing ard remval of eguigmnt, d pamonml a~,

n) acid-resistant flmre ard dmine should be pruvidad for
battery nxxm covered by definitive designs. Asqxmate titteryrunnnkay not
he ~ for very small plants not coverd by a definitive design.

15.3.4 Noise control. Noise frcnnthe erqine-generatorunite must be
coneickmed in the design. See III-3.10, Noiee ti Vitxation Control of
MEdlanid mluiKmnt . The definitive drawings pruvide enclosed work epcee
for sq2emiaory ad operating psrsmml with sm.rd-reducirqwim5ms for
ckervation of plant ~ting mea. Aumstica.1 ~~ should be
deeigr@ in accordance with the following considerations:

a) While it is ~y difficult to predict neiea levels in
Wi=9===~ ~=, tie dab f= * diffti qine ~a@r==
mbeueed tipmnitapproxinn tion of noise levels for initial deeign.

b) M erqim-gmem ting spaces, it may be -file to
Smnanidly raduce aourd levels to thcee telcw hazardous w noise lwels,
i.e. 84 decibels (db) or balm. After the plant is in opraticm, sourd
levels ehmld be ~todetermine -t ~ P~ “on is rf+red
to met ~ of Fderal I@gulatione (~) 29 CFR 1910, (Xzupational Safety
aId Health MMinktm tion (ClsHA), Safetv an3 Health Stada?ds .

@ -ign of roms with operating pemonnel suti as mntrol areas
should be acoustically treatad tn provide attenuation of mxinnnn emnxi
levels to 45 db uder normal engim-g~tor operating ~tions d 55 db
WiM.mall q“ me-gemmtor unite are operated at their naneplata ratirq.

15.4 Structural Criteria. P&far to NAVFAC m-2.01 stnlc?cural
lmdnesrilu .

15.4.1 Fmmlations. E.le2tric-generatingplant foundations require
careful design be2auee sites are frequently on marshy or filled greurd close
to surface wat.em arK1/orto the gmurdwater table. A detailed subsurface
study ie~in all cases toprcperly acreesthestrucbmal needs for
the Mi.ldirq erd equipnmt f-time. (Refer to Section 5 for
~im-genemtir fourdatione.) seismic ~ti for tie site ml be
investigated as they pertain to fourdatione.

15.4.1.1 Extra Piling. Silemer aM stack fmrdations, fuel oil tanks,
ani other heavy auxiliary squipmt may require adlra piling.

15.4.1.2 Definitive Deeians lkfhitive drawings (refer te Section 1) show
the prefsrrEd build.ilqconstr&ion.

15.4.2 Flmr I.oads. The design of the ergine roan flmr rust prwide for
a nd.nixm 200 Ib/ft2 (976 kg/n?) live load.
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1.5.4.3 platfoms al-dLadders. Prwids platform with laddars at
S3.llocatiom requiring ~ for operation, rraintemme m Clea.nilqfor
~~t--m4feet(l.2 lllete@ @ve*’glKnlmf3cor.
cbnnect lorq platfoms b two mans of egress or ladders.

15.4.3.2 PlatforK6. ‘I bsgwilrdeani?xIiliJlgsshallbeprovi.dcdon
platforms.

3.5.4.4 ~ti . See NAVFAS U+38.01, &i* ~b EQui-t
@@- ice Craft; for @2ee and design critsria ad also -on 5.

3.5.5 Intarior arxlexterior
mci!anica3 s+~anisyst.em ahould te bmti, or guyed (as
IEf@nXl) b Withstald thewi.mloads( ~) ~ esismic zone lati
accderatione ap2cified for design of ~. Seismic design shall
amply with criteria and ‘~ ilxi.iatedin NAVFAC P-355, Ssi.9nic
Q=Im f r w-.0

15.5.1 PiDim ad Pacewav Svstemq. Allayatsus shculdbadesi@ti
@t freedmof umeuentoftha pipes or raoeways caused by Sxpansion al-d
mntmction butehall~in +tilaMnweuentdus toseknic
~. ~tiC)l)~bUild.itlCJWZdlS adilmahouldbamda
- slseves, d with swing joints or othsr mars of pmn.itting
miqmdmt pipe or raceway mvemnts. All pipi.rqor raceways critical ti
thsopamtion ofthsplantahould testealorothsr Stn@umlly Stroq
materials, if pcssible, in lieu of brittle mterials, such as plastic or cast
irun. Fla122ri.alsCan12ainingaskesbX ahallnotke usEli.

1.5.5.2 w- All nEdlanl‘cdl a?xlelectrical aquipllwmtana tanks
shcu.ldhs Secure2y & tn thsir foulxlations..SuppJm for equiprent
shm.ld be stel in lim of _ imn @mm practicable.

1.5.5.3 ~. ~lsy=t.mstidbdesi~m thatl~ofths
control ntd.a (air, hydraulic, or ekkric) will leave the czmtml in a
fail-safe pcsition, ~le of teing cp3ratd manually.

15.6 Hmtim . Refer to NAVT?U!
m-3.03, h of Defense (l13D)4270.lM, on Criteria
-, for criteria.

3.5.6.1 B~@IEE? euildimgs for
prim duty et-datalxi@/~ %ty diesel-electric gansra~ P1-
should be heated ad mnti.latsd. refer to mvmc m-3.03, ifsatiJ7L
Ventilatitu. Air Cbnditioni.m, ad Delnnnid3.fy2m~

. .
for criteria.

Heatirq ad ventilating system for omtrol roo5, switdqear mans, offices,
amtcritical~~ahmld bepmvidd witha-sspsmti frczrthe
h -~t= ~ a~- ~ w.

3.5.6.1.1 m~~ Prima duty gsnaLati3?gplant building
~~ heatshould teprovided~ewhaust gashaat recmezyboi.1=%
whene sunnaically feasible. Where the heat remvary kdlers do rut pruvide
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sufficient cut@ to satisfy the lends, jacket u201ant aml lubricant heat
~eIY should be comidered, d then the use of auxiliaxy oil-f~
heatirq boilers. A lifecycle emmnnic arnlysieisrquired tijuetify the

CmsmEtion ccstardlnaintenmm of &t recovery eystem.

15.6.1.2 Auxiliam Heatim Eoilere. Auxiliary oil-fi.rd lm-preesure
ktirg boilers shwld be wed to provide building heat for stamiby/
-w duty diesel-electric genera~ plants du-r~ pericds when the
plants are not in cperation. For etardby/emeqency duty generating plants
the use of -ust and jacket cmlant heat recovsq system ueually are not
~cally feasible if plants am not opera- on an extensive d regular
basis. Anexmnmic analyeieierequhed tojueti~the~
mnstmction and mirhmnm cc6t of the auxiliay koilers ti acceesariee,
if the waste heat is available only on a part-time basis.

15.6.1.3 Qmbuetion Air. Diesel erqti my require heatd cmbustion air
iftakemdimctl y frcnnthe outside during pericde of lm outside tiient air
tenpemtulx?. Low cmlruetion air ~tuxe results in engine starting
prcblms with mst diesel engines. If cabuetion air is taken fnnn inside
the buildirq dur~ thc5e pericde, the makeup air will require filtering ad
heathq or tempering tefore keing delivered to tha erqine man. It may be
mre Eco&cal in- mees to prwide engina jacket water ~ lubrication
oil heat.imgto pruvide ndnimun tiing telnpmaturea during Slx31
lm+enprature a~lications.

15.6.2 Ventilat”w Dieeel-Elect.ric Generatim Plant Suildirue.

15.6.2.1 Ermine I@ars. The follmiq minimum considerations shall be used
todatemim vmtilation r’=@==- :

@ ~ andcmduded heat frm the engine animybe as high
ae7parcent of fuel input. Exact dataehuoldba seared from the dia
engine manufacturer.

b) Air intake “~ for ventilation (epae wolirg) ard
ganbuetion air (if taken frmu the roan interior) must be consiti in sizing
1~ ard/or open@s.

c) Coneider radiator fan air =@.=I=@ if radiator ti~ ==
installed inside the main generator mm withcut dedicatd cooling air
eu@ied frrznthe outside. Dischaxge air should be duct-d to the outside.
Frwide bypse air to the tiior durirq cold weati.

d) Whenthe e@neisru nnirq,cool@ airmakeup myke brought
ti tlU0u9h gmvity roof ventilators, for erqines with radiator units
installed inside the main generator rrxzn. Rnof ventilators will act as a
mtural draft exhaust when the engine is not opemting.

e) Sidewall lcuvem ehmld be provided for cooling air makeup ~
for mm ventilation when mof ventilator are not pmcticable.

f) @neider freeze‘protectionin all cases.

g) In no case shall ventilation b provided at lu+xsrrates than
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given in !Rdzle17.

h) Ventilatir?grates am = cm 104° F (400 C) or 122° F (50°
C) subient temperatures for the generatnre, mt.cm, ard switciqear. Higher
~~e ~i~ @EF=+* ~ lu= t=P==@= r- for * ~~ic
equipuent will affect.the rates acemdirqly. When an.irdcar S22gi.nem
design temperature exrezds 122° F (50° C), use ~ generator air

in -jumtion with ~ reef ventilatcm to avoid
reci.rmlation. kkd.ntainsuitable enbient air teqzerabzres anter~ the

~-.

15.6.2.2 Pdtterv Raon. E3atteryrcxms should mrmlly te exhausted at a
min.inm rate of 800 CIIO(22.6 cubic inters perndmte) or 6
~~, Whidlever is gLFlater. mis will prevent hazzdms
~g=ww. Fansdzallhavs nonsparking Wileelsem 2uYtam shall
belccated outofthsairetxwm.

Table 17
r4i22innnnEh@ne Room Ventilation

‘=

CubicFeatP,.Hi. ut. per lnoc.l led
?.ilom. tt ce.. r.tin~ (@..ity of

Ifiulb TCMP.,.CU,,
of or (.C) S_er DeBisn Cucdoor

Italac iv. l!umidity

B, low 301 30->0: Above Soz I

Ab.”o 100° (3.2°) 16 26 32 I

, 90° (32°) -
1000 (38.) 12 16 Z&

i B.lC.W 90° (12°) 8 12 16

15.6.3 JcirCbnd.itionim of Rums. Ai.rcmrlitiodng nnyteprwidsd in
control rocous,switdzgear rccmzs,officesr critical parts storage, ~d~
mom, where wwmnted by climatic conditions of the station. Fk2danl
ventilation meybeadequeteinmny cases. Not.ethat anecamnic Sz’IS.lYSiSti
~. for air =nxlit.ioni.zqof swi~ ad mdlan.ical Squipnmt ~.
AlD13walvsr ismqub2d.

15.7 Pltiing. Refer to NAVFAC CI+3.01, pllnlizjmsystem.

15.7.1 Dmins. provide dmim for the following .e275for all dmin S2X3
drip coil-on @nts:

a) FUIUIZbsses,

b) crd~ water from pimp stuffing kaxes, ad SiloilarscxmXs,

c) dminsmlizers (acid and water), water filters, @ softeners,
arriother water treatlnentsystem,
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d) dikd areas for above gmnm5 oil storage (Diked w dmins
shm.ld be fitted with mES or valvee for manual cnntml ad spill
containment. Provide cfmcrete svnpa for drainage of d.ikd ~.), aml

e) miecell~ drains frm expansion tanks, heat exdmqera,
towers, radiators, cmp~ air receiv~, air dryers, ard similar
W-.

15.7.2 Water lime .Equ”rnmmt. Ca@ete the follmirg ~ W all
~ona -led for inlthe dafinitive ckawirgs (refer to Section 1).

@ connections for filling cl- circulating systems,

b) a damatic hot water supply to toilet rccuosal-dcl--up
areas,

@ furnish hcse bibt6 on water lines for floor waeh-dwn &
similar uses, d

d) furnish firehcee ateacherxl of the main generator rcm.

15.7.3 aattervmomme?xl encvshmereandm e Wash Facilities. Provide
battery rome with emr.yency showers ard eye wash facilities as spscifi@ by
CQiA 1926.403, SatterY Rooms al-daattem Ularqing.

15.7.4 ClmDressed Air. Refer to -ion 5 of this ironualfor cements
al-d.~ on erqine starting. Cmply with the engine manufacturer’s
mcnmemied sizee ard pressmee of conlpressor unite. Starting air res2eivere
shall be provided together with a station eemice air receiver when air
start- is prwided.

L5.8 El~ical Criteria. P.eferto NAVFAC U.14.04, Electrical
S?Kiinerti . l?l~ical Utilization Svstem , for general electrical criteria.

15.8.1 Station Semite !rmnsformm. Station service tranaformrs should
besized eothatone transformer cankeshut dcwnwithout in any way
Cmpzmnie@ the ability of the plant to qerate at full capacity.

:-&.& #I!&.b9. ~ lighting intensities shall k in aaxm%nce
umination Ergineer~ Society (~) , Liqhtim Hardbcek

m?n’ts. E?attery-operatedenEIYency light sets should ke provided in
~ine, ewi&lxgear, arxlcontrol rcamae aminimum ‘~. -=-W
light sets should conform to the re@remnts of Federal
~ifiG3tiOn W-Lr305, Liqht Set, General Illumination (Iherrqencv
Auxiliarv\ -idemtion should be given to using ‘ “
light% i

~ a@/o;dinmable
cimsole areas to reduce glare on display panels.

15.8.3 ~clee . Convenience outlets shm.ld be rmmtd generally on
each building column of the generator space, approximately 15 ft to 25 ft
(4.572 m to 7.62 m) on centers. Locate welding outlets (60 A, 480 V, 4-pole,
3+3ire, gmm3iIq type) suchthateati outlet can beusedfor maintainin two
engweneratir unite.
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15.8.4 Uazazdous m ~. Hazaldousaree~ only
a@y where flaumnble ad cmbmtible fuels, e.g., gasoline, natural gee, or
propane, are u=l to su@y erqine-gem=etnr units. Properly ventilated
Mlteryrccznsdonotreql ire hezardme area trratlmnt.

35.8.5 i?l~ “c erence Wmdrmm@ . )?.1~ “c
intFerferelX13~ (m) for erKJiIiegenam~rs am ~ ill
MIL+m-461, El~c Rnission end ~iliw ~ or the

of ~c ~lmdar~ UM04. ‘Iheerkz.ion
alxisusc@%b“ ility ~ apply only to Unite Supplyhlg pXv2r to or
used in critical axeas. lllem@rmmte ereulandatory Only forsueller
-~~r tit SiZeS. ~ct * anlmlnd orthsagancycomarmd to
detemm2ifel ~c Control b med?ai. Emission ad mdi.ation
mscqtibility ~on ehculd be a “mqummnt of the elq~ti
umufacturer; suchpmtection ehould not beprovidd bygenarator bu.ilding
Shield.irq. EXI~onie ~y prwidd for voltage regulators.

15.8.6 ti~ ~ion . Groudlq elxltcm5ilq protection
mqdxenwnts for electric—gemre
@xi Cattlali

mpl-e.=~ in tll-4.06,J.iahtnirq
c ~-

1.5.O.7 mlsematioq . A mininnm x factor of 0.85 is reqdred.
Where a pwer factor of 0.85 cannot be mt by the use of energy-efficient
uotxJIs,pxer factor corredion mst be prwided by other mans.

15.8.8 al-dAlarm Svstenq. Electric ~ for qine arrl
~~~ltielaKuI~ shcaildteeupplied frmthe~tion
battery. ‘lhestertiq systmbatt.ezy ehculd not beusedfor thispurpse.
When the size of the eng~ torplant does notmrrant a station
battery, cnneider prwidirq a i@Xery backup eystem to alla cafe plant
ShuMcwndurirga wm2rciel ~ mtege.

15.9 Monitorim d
Control systelm (m)areddmssed

ylmF=-
erd

Cbntml 8vstems, axl h the following NAVFAC guide specifimticms:

Monitaina and CmtrOl 8vstem [EMcs\,

NEGS-13949,c) , Monitori.m and Cbntrol Svatem (EXCSl,
Sua3.1SvstenlConfmura tioo.

p-emv Monitori.m a.mlmnt.rol Svstem f \-,
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BIELIcGRAmY

Refer im Karl W. St.inson,piessl Emmeerma Handbook
. .

, for a description of
engineering ~s apply- tn diesel engim cperaticm.
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RzFERENm

American Qmcrete Institute (XI) Starderd, 22400 West 7 Nile Rind, Ek2x
19150, Pedfm.d mtion, Detroit, MI 48219.

%4. 3.R-82 State-of-the-ATX.Rqmrt on Fiber Reinfh

-“- National Institute (ANSI) ~, 1430 Smadway, NW
York; NY 10018.

A12.1-73 safety REquimenmis ; Floor .SWall Qenirqs,
Raililqs, &and’mei30azds

A14.3-84 safety Rqukm3@ for Fixd Iaddsm

B31.1 Fwer Piping

B36.1OM-85 welded SIXIseamless wruught steel Pip

C37.02-79 Electrical Furor Systm Cevi- FUnction Numtere

Z53.1-79 Safety Color ~ for ~ Fhysical Kaz..ards

American Sccietv of Heatim. Refrumzatam.
. .

and Air Co?751tlmlru mdn=srs
. . .

J~~ ~ , 1791 ‘rullieC.ixc.le,N.E., Atlanta, GA 30329.

XHRAE HANDXQK-1984 SYSfEIS

MWRAE Chapter 33-84 Water Tmdm2nt

Im2rican Societv f Medlanical Emineers . (AS141Nstandarcls,345 East 47th
Street, N- York,ONY 10017.

miler em Prssswe vessel Cmes

SECB-D-86 Pressure vessels

SEm-86 @alifiation Star@m@ for Weld@ ad 8rezi.rg

Amrican -ietv frlPstim arrlF@terials (AmM ) Sti@ads, 1916 Race
Street, Fhi.ladelph%q PA 19103.

A53-86 SpECifimtions for Pip=, *, mack ~
Hot-DiPF@, Z~td Wel@d ad ssaml=

584-84 lkst Method for Surface 13uming Characteristics
of Bu.ildi.rqMaterials
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Amrican Water Works Ae=iatiOn (AWW?(jStandard,
Eenver, ~ 80235.

6666 West Quincy Avenue,

C203-86 Stadard for Ccal- Protective Cbatirge d
Lini.rqsfor Steel Water Pipe.linee- Enam3 d
!R+e - Hot-Appli&

~ of Defense [D3D) S~ , ‘I@ pentd~, Wash@ton, IX!20301.

DEP13485-3 ‘bird Party Funiirq of Facilities _ System

4270.1-N @arhwnt of lkfenee Construction
Criteria mnual

Diesel ~ti” = HamUxmk, available frtnnl?usinessJournals, ITC., 22 South
Smith Street, Nomal.k, Cl’06855. (!lklfth!kiition,1980).

F-l w ificatione (Fed. . .

W-F-800C Fuel Oil, Diesel

W-L-305D Light -t, General Illumination (l%ergencyor
Auxiliary)

F@eml ~ificatiens are available from the ~ Officer, Naval
Publication d Fonus Center, 5801 ‘lkdmrAvenue, Philadelphia, PA
19120. wephone: ~ (LX)DOrdY): 442-3321; ~ial:
697-3321.

(215)

Hcw to Ik@mine the lkonomic lhiclmess of Insulation, available frum ‘Ihennal
Insulation Nanufacturexs Association (TIN?+), 7 Kirby Plaza, P.O. E!QX686, Mt.
Hieko, NY 10549; 1986.

Institute of Electriml d El@Sxvnics Em ineers (IREs) Stardads, 345 East
47th Street, Naw York, NY 10017.

126-59 sp==~ of Internal Cradm5tion
w~ tor UNte (R-1983)

446-80 ~ Practie for mwqency W Stardby
Rarer ~ for Industrial ard Onumz-sial
Appli=tione

Licdlt‘ma Hardbook, available frm Illumination Engineering .%ciety (IES), 345
East 47th Street, NW York, NY 10017, (1985 FHition).

Militam Dmmenta

NIIrF-16884H Fuei “Oil,Dieee.1Marine

UIWJ-5624L Aviation T’oz%ineFuel, G=dee -4 @ -5
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MILAO8K-1OO8 Fire ~ ‘on for Facilities @*@
D35ign, arrl~on

MIL-Sl13-463.8 Electrmagnatic Rni.ssionard Suem@2h“ ili~
~forthe Cnntrolof El~tic
Intel—femme

Mi.li~ ~ are available f- the ~ officer, Naval
Publications d Fttm Center, 5801 Tabor Avenue, Ftli3adal@lia, PA
19120. ‘relephclm:Autavcm (m only): 442-3321; ~ial:
(23.5)697-3321.

Natiom.1 Electrical F?anufcturez5 Iw.scciation (NEXA) standz@, 2101 L Street,
N.w., w “e@u.n@m, ~ 2003:.

ffil-78 -re ad Genemtore (R-1981)

31-83 Installation of Oil Surning Equ@2nt

37-84 Installation ti Uea of stationary cmkus13“on
m@nesandGaemIbinae

70-87 National Sldxical Cbde (NI12)

I’w’d Facilities Emined.m ~ fNAvFACENGCml)

Ill-1Series ~itecture

m-l. 03 Architectural Acoustl“Cs

m-2 .01 Stmctwd DXJined.ng, Genem.1 ~

124-2.02 SmEtuml m@.neeri.ng, Inads

MIEHDEK-1002/3 Stmctmd Enginaer*, StEel Stmdn=s

U+2.04 Stmdum3 E@neering, Concrate Stncmms

R4-3.01 Plumbing S@telns

U4-3.03 Heat.irg,Vantilati.rq,Air Mti*, arrl
~fyti ~

U4-3.05 Cmpmsai Airaxi Vaannn Systems
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5+3.06

MII.rHDEK-1003/8

m-3 .10

m-3 .16

m-4 .01

U.-4.02

mL-HDBK-loo4/3

MILrHDEI-loo4/4

U.I-4.06

m-4 .07

m-4 .09

m-5 .07

ill-5.08

m-5 .12

m-7 .01

R.-7.02

MIL-HDE!l-lo13/l

u.1-22

m-33. ol

m-33 .02

Centml H-t@ Plants

Exterior Distrtiion of Utility Steam, High
l’knprature Water (HIW), tilld Water (~),
Fuel Gas, @ C&pressd Air Fotuxlationsard
Earth structures

Noise and Vibration Control of Medmu ‘Cal

WVt

Thermal Storage system

Electrical Engineer i.q: Prel ~ -i~
Ctm3iderations

Electrical EY@.neerirq: Fwer Distrihtion

lll~iml Enginer irq: Switdqear d Relaying

F.lectri=l Erqineerirg: Electriml Utilization

E1-iml Ergineerirg: Iightllingard Cathcdic
Frutection

Electrical Em@eering: Wire Carmmu“-tion ad

signal .5ptem

Enq Monitoring and Control Systems

Civil E7x@eer”m, Water supply systems

Civil Engineerirq, ~llution Contr.%1Syetem

Civil Ergineerirq, Fencing, GatEs ard Guemd

Soil Mcdmu “C5

Fcmxlations ard Earth Structures

Design Guidelines for I%ysiml security of Fixe5
Land-Eased Facilities

Fet.roleumFuel Facilities

Mediml Facilities, Preliminary Design

Considerations

Naval Regional Meiiti Centers, Eesign ard
0m5truction Criteria
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U+33.03

U4-38.01

0204

NECiS-13947

--13949

--13950

NFGS-14334

NFGS-14335

NFGS-14336

NFGS-14637

NFGS-3.5250

NFGS-3.5711

NFGS-16202

=-16203

NFGS-16204

=-16205

M@ical Clinics ad ~ Clinics, Cesign ad
@mtmction Criteria

Wsight+iardlirq Equipm-it

Electric ~ System Analysis

L3m3rgyMonitoring ad CXmtrol System (-),
M@.im _ mnfigumtion

Dt2rgy Mmitnring ad Control System (-),
small System amfigumtion

EheIEIYMnnitori.rqd Cnntml System (EMtS),
14icroSystem mnfigruation

F!5norailswith mnual Hoist

Monond.ls with Fdr Fbtor-Fwer Hoist

Qanes, Ovsrhead Electric, Cwernming ~

Qanes, 0m2rhed Electric,
20,000mumIS)

Insulation of Medlanim.1 Systmls

Hot-watar Heating-

Diesel-ElectricGemxati.ng P1- (D2sign 1) 501
W to 2500 104mntimms-cuty units

Diesel-ElectricGeneratirrgPlantx3(Lksign 2)
2,501 I@’and Iaqer CtmtinUOUS-Cuty units

Diesel-ElectricGenerating Plants (Cesign 3) 301
wtol, ooolW~Eiu2Y?gency Cutyunik

Diesel-ElectricGenamting P1- (Design 4)
1,001 w to 3,000 w s-/Emqmcy Ill@
UniIsNFGS-16208Diessl Eng~ tor Sets 20
wto500w Prilremtyunik aldlowto 300
w standby@mlxJency mty units

NFGS-16208 Diessl Engim—Gmem tor Sets20iG$to500BW
PrimlXty Units ami10104t0300 K54
starKnJy/m3rgencyD@ units

OFNAVINS3’-41OO.6A WFinanCiX3tiSOLUX= sel~on Criteria
for Shors Facilities
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P-272 (Fart II)

P-355

P-442

SEU4AVINS1’-7OOO.14B

‘IS-09805.2
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Navy Qxupational Safety aml Health Program

ml bleering weather Data

Definitive @signs for Naval Shore Facilities

Seismic Design for tidings

~c Analysis Har&cek

Ekmom.ic Analysis ad program Evaluation for
Navy Resmrce Nanagenlerlt

Coat* Systems (Vinyl ti Epoxy) for
Sheet-Steel Piling and other Steel Waterfront
structures

@artmnt of Defense activities may obtain copies of Oesign Nanuals
d P-Publications OFNAVIWT, SECNAVINST, d NFGS dccments from the
Ccmm J Offic&, Naval IWblications ard FoznE Center, 5801 Taker
Avenue, Fhiladel@ia, PA 19120. Department of Cefense activities must
use the Military Stamlard l?equisiti~ ard Issue ~
~P), usingthetim-1~-tifm~vsup
Publication 2002.

other G5J~t Agencies arclccmmrcial o~zations may prcmre
txsign Nanuals and P+ubli=tione from the Superintendent of kcwmnts,
Us. @vernnEn t Printing Office, Washiqton, D2 20402.
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