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ABSTRACT

Thishandbookprovidesbasicdesignguidanceintheproperselectionof
electricpowersourcesanddistxfbutionsystems.It wasdevelopedfrom
extensivereevaluationoffacilitiesandispresentedfarusebyexperienced
architectsanden~ineers.Thecontentscoverelectricpowerpreliminary
designconsiderationssuchaspreliminarydata$estimationoflodds,
selectionofelectricpowersource~minterruptib~epowersupply(UFS)
systemdesi&n,installationofdistributionsystems,levelsofdistribution
voltage~gxomndi~ofdistributionsyatxms~andselectionofdistribution
systems●

.
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FOREWORD

Thishandbookhasbeendevelopedfromamevaluationoffacilitiesintheshore
estabMsdunentDfromsurveysoftheavailabilityofnewmaterialsand
constructionmethods,andfromselectionofthebestdesignpracticesofthe
NavalFacilitiesEngineeringCommand(NA,ACRNGCOBQ,otherGovernment
ag,encies~andtheprivatesector.This“bmdbookwaspreparedusiq,tothe
maximumextent feasible,nationalprofessionalsociety,association,and
institutestandards.Deviationsfromthiscriteria~inthepbnrdng,
engimeeri~,demlgm,andcomstruct%onofnavalishorefacllitieapcannotbe
madewithoutprforapprovalofMAVFACHWX31WQCode04.

Designcannotremainstaticanymorethancamthefunctionsitservesorthe
techmlogiesituses.Accordingly~recmnemdatiamsforimprovementare
encouragedandshouldbefurmiahedtoCommandingOfficer~ChesapeakeDivision$
NavalFacilitiesEl@neerimgCommand,Code4’+06,WashingtonI?avalYard,
Washington,DC20374-2121,telephone(202)433-3314.

THISMANDB@KSW NOTW USEDASA‘RR)?EREI?CEI)M?JMENIFORPROCUREMENTOF
FACXLITIBSCLWWTRUCTXON.IT~STOBEWSE~~Iit= PWMXASEOFFACxLIT~~s,
EI$GINEERIP7GSTUDIESANDDESIGN(FINALPLMS,SPECWICATMNW,ANDCOS3
MmumEs).MlMOTREFIMJ3NCEITINMILITARYORFEDERALSH?CXFICAZIOIITSOR
OTHERImotxm?mmmwm’m~s.

I .
1,

.
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section1:Y?RELIMINARYDATA

1.1 SmE!2.Thishandbookprovidesthecriterianecessaryfortheproper
selectionofelectricpowersourcesanddiatrihutionsystems.Itcovers
~reliminaryloadestimatingfactors,electricalpowersources,and
distributionsystems.

1.2 Cancellati,ou. ThisImrMXboakcancelsandsupersedesDM=4.1,
~ect~rv DeWGonside~,, ,ofDecember1979~
andchangedatedZMarch1983.

1.3’ LoadData. Beforespecificelectricpowersourcesanddistribution
systemscanbeconsidered,realisticprelimimmyloaddatamustbecompiled.
Theexpectedeleccricpowerdemandonintermediateisubstatlons,andonthe
mainelectricpowertwpply,shallbecalculatedgrointheconnectedloadlayout
byapplyingappropriatefactors.Determinethesefactorsbyloadanalysisand
bycombiningIoadaprogressively.Tocombine$theloads,startattheendsof
thepmallest:feedersandworkbacktotieelectricRowersource.Becauseall
loadsmustbeonacommonkilowatt{W)orkilovolt-ampereWA) basis,itis
necessarytoconvertmotorhorsepowerratingstoinputkilowattsor
kilovolt-amperesbeforecombiningthemwithotherloadsalreadyexpressedin
thoseterms.Preliminaryelectricpowerloadestimatescanbemadebyusing
theapproximatevalueofonekilovolt-ampere@finputperhorsepower(hp)at
fullload.Preliminaryestimatesoflightingloadsmaybema~e‘byassuming
wattsperft2(m2)ofbuildingarea. *

1.4 ~oadAnaw. Todetermineappropriateloadestimatingfactors,
usingthetablesandfactorsinthismanualasguidesanalyzethe
characteristicsofeach10ad.Consideritemssuchasenvironmentalconditions
ofweather}geographicallocacion~andworkinghours,asthesituation
dictates.Moticethatwhentheloaddensitiesinw/ft2(m2)areusedonly
.impreliminaryestimates,thedemandandloadfactorswillbeusedinthe
fimaldesigns.

1.!$ z’~~~~Ology. Fivetermsareessentialtotheanalydsofload
,characteristics:demandfactor~coincidencefactor,di.veraityfactor,and
maximumdemand.Thesetermsaredefinedinparas.1.5.1thro@h1.5.4.

1.5.1 m~~~~etm a or.Thedemandfactoristheratioofthemaximumdemand
onasystemtothetotalconnectedloadofthesystemor

EQDATIOR:Demandfactor N=i~m demandload=
Totalloadconnected {1)

\ .

1.5.2 coi~i,denceFactoz.Thecoincidencefactor’btheratioofthe
maximumdemandofasystem,orpartunderconsideration,tothesumofthe
iridivi,dwalmaximumdemandsofthesubdivisionsor

EQUAZION:Coincidencefactor= l%xi!mumsvstemdemand (2)
Sumofindividualmsxlmumdemands
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1.5.3 ~. The diversity factor is the
coincidence factor or

EQUATION: Diversity factor = sumof individual
Maximum system demand

reciprocal of the

maxim~ demands (3)

1.5.4 Load Factor. The load factor is the ratio of the average load over
a designated period of time, usually 1 year, to the maximum load occurring in
that period or

EQUATION: Load factor AveraRe load.
Msximum load

(4)

1.5.5 Msximum Demand. The maximum demand is the integrated demand for a
specified time interval, i.e., 5 minutes, 15 minutes, 30 minutes, or other
appropriate time intervals, rather than the instantaneous Or peak demand.

I

1“

2
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Section2:ESTIMATIONOFLOADS

2.1 PrenraciomQfLoaa dD%t~.Loaddataaregenerallycomputedinsteps
Swllas:

b) area~04kdStand

c) act%vityloada.

Aparticulardesignproblemmaybelimitedtostepa),tostepsa) andb),or
mayencompasaatepaa),b),andc).ThisSectJonowtlineseachstepasa
sepazateentity,dependentanlyonprewiouaatepafordata. Paragraphs2.2
through2.4.4describethethreeloads.

2.2 WvidualLoadq* Individualloadsarethosewithme incoming
servicempp~ylngutilizationvoltagecothepremises.Ingeneral,these
loadswouldcomprisesinglestructures.Largeatrmmreacouldcontainmore
thanonefunction;forexample,aircraftoperations,aircraftfireandrescue.
stations~andphotographicbuildings.Underthiscomditiontfactorsthathave
beendevelopedandkeyedtoIWu?ycate&xycodes(refertoTable1)wouldbe
used.Intb$scase,thefactoral%btedunderl!lavyCategoryCode141-40,
141-20,and141-60,respectively,wouldbecotibinedtoobtainthetotalload.

2.2.1 ~. ToelimhatelightingIoadofdivideafacilityareainto
itssignificantcomponentsbyfunction(forexample,office,storage,
mechanical,andcorridor).Determinetheaveragelightinglevelandtypeof
U@t soawceforeacharea.Considerrequirem&ntsforsupplementarylighting
(fo~example,floodlighting,securitylighting,andspecialtasklighting).
Prdiminaryloadestimatesmaybemadebasedonthefollowingloadallowances:

a) 1W/ft2(10.76W/m2)foreach6to8fc(60to80dekahmc)of
incandescentillumination.

b) 1W/ft2foreach15 to20fc(1S0t~200dekalux)of
fluorescentillumination.

c) 1W/ft2foreach12to18fc(120to180dekalwr]ofmercury
vaporillumination.

d) 1W/ft2foreach26to36fc(260to360ckkalux)ofmetal
halideillumination.

,
e) 1W/ft2foreach33to54fc(330toS40dekalux)ofhigh

pressuresodiumillumination. ,

I

2.2.1.1SmallADDlianceLoads.Smallapplianceloadsshallincludethose
servedbygeneralpurposereceptacles.Ingeneral,thedividingofareasby
functionforestimatinglightingloadswillservefor-estimatingsmall
applianceloads.Thedeterminationofloadsrequiresnotonlyaknowledgeof
thefunctionofanarea,buttowhatextentitsoccupantsusesmall
appliances.Forexsmple,anofftceareademandmayaverageabout1W/ft2

3

Downloaded from http://www.everyspec.com



MIL-HDBK-1004/l

Table 1
Factors for Individual Facilities by Navy Category Codel

DEMAND LOAD
NAVY FACTOR FACTOR
CODE DESCRIPTION (%) (%)

100
121
122
123 10
125 16
126
131
131 40
133 75
137 40
141 11
141 20
141 30
141 40
141 60
171 10
171 20
171 40
200
211 05
211 06
211 07
211 10
211 12
211 20
211 30
211 75
211 81
211 96
212 20
213 10
214-10
214-20
215
216 10
216.20
216 30
216 40
216 50
216 60

lDemand

Operational and Training Facilitlea:
Aircraft fueling/dispensingfacility ............
Marine fuel dispensing ...........................
Filling station .................................
Miscellaneous POL pipeline facilities ...........
Liquid fueling and dispensing-other .............
Communications - buildings ......................
Telephone exchange building .....................
Air surveillance radar building .................
Port cont.roloffice .............................
Air paasenger terminal building .................
Aircraft fire and rescue station ................
Aircraft line operations building ...............
Aircraft operations building *EXC 141-70* ......
Photographic building ...........................
Academic instruction building ...................
Applied inatructfon building ....................
Dr.illHall ......................................

Maintenance and Production Facilities:
Maintenance Hangar O/H space (highbay) .........
Maintenance Hangar - 01 apace (crew equipment) ..
Maintenance Hangar - 02 space..(administrative)...
Aircraft overhaul and repair shop (NARF) ........
Paint/finishing hangar ..........................
Engine overhaul shop (tJARF).....................
Aircraft/engine accessories overhaul shop (NAR) .
Parachute/survival eqUiprnent....................
Engine test cell (Non-NARF) .....................
Maintenance, aircraft spares storage (MISC) .....
Missile equipment maintenance ship ..............
Drydock .........................................
Combat vehicle maintenance shop .................
Automobile vehicle maintenance - noncombat ......
Maintenance-weapons /spares ..................
Ammunition rework and overhaul shop .............
Rocket rework and overhaul shop .................
Mines and depth charge rework shop ..............
Torpedo shop ....................................
Special weapons shop ............................
Quality evaluation laboratory ...................

Eactors include allowance for system loss.

40-60
40-60
40-60
100

40-60
60-65
55-70
55-70
55-70
65-80
25-35
65–80
65-80
65-80
40-60
35-65
75-85

45-50
45-50
45-50
32-38
65-75
32-38
32-38
60-65
42-48
58-63
35-40
5-1o

55-65
55-65
70-80
35-40
35-40
35-40
45-55
35-40
55–65

16-20
16-20
13-17
13-17
3- 7
70-75
20-25
70-75
20-25
28-32
13-17
24-28
28-32
16-20
22-26
24-28
3- 7

28-30
28-30
28-30
25-30
25-27
20-25
25-3o
23-28
25-3o
23-28
15-20
0.5-1
20-25
20-25
20-25
18-22
18-22
15-20
18-22
18-22
22–27

4
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Table1(Continued)“
FactorsforIndividualFaciMtiesbyNavyCategoryCodel

m?Mm’DLOAD
NAVY FACTORFACTOR
CODE DESGR,WTIO!% (%) {%)

21710
21820
21840
21830
21910
22110
22210
22220
22310
22510
22520
22530
22550
22610
22615
22620
22635
22640
22655
22665
22710
22710
22830
22910
22920
22930
22940
300
31013
31015
31019
31610
31720
400
421
423
43110
44110
44120
44130
44140
44170’

Electronicsfcommicatlommaintenanceshop.....
Construction/weighthandlingequipmeutshop.,.*.
Ra%lroadequipmentshop.*●*● .●..**.,.●.*.*..● ● ●*.
Batteryshop*●....*.a...**..****+*.,*..● .●.00..0
Publicworksshop...............................
AircraftW&neaaswblypl=t..................
Missileamwmblybuildbgs............$.........
Missilehandlinglaunchequipment...............
Fabrication/assemblybuild%ng...................
Smallarmsplaint.......,**m...***●*..**.*● ●***.*
Lightgun(20mm/51n)plant......................
Heavygum(6/161n)plant........................
Laumcber/projectorplant........................
Bagchargefillingplant.........................
Camfillingplant.●.●.***.*●*●*.●*.*****●a.*.●*
Caaeoverhaultankrepairfacility...............
Major-caliberprojectileloadingplsnt.,●*.....*
Medium-caliberprojectileloadingplant.*.*.**.*
Casthighexplosivesfillingplant..............
Propellantandrelatedchemicalfacility....*..*
Radioandradarequipmentplant●*******.**● ●***.
Sonarequipmentplant*.● ●,.●**●**●**..*O.**.**.*●

Parachute/surwivalequipmentplant..............
Asphaltplant...................................
Concretebatchimgplant.........................
Rockcrusherplant..............................
Sawmill**●*..*.●**,..●........●.**.**.*.*.*..●.*

Research,Development,Test&EvaluationFacilities:
ChemistryandToxicologyLaboratory.............
MaterialsLaboratory*●...●*●******..●*●0●**.*...
PhysicsLaboratory....*..*●.● ..*● ●.*●***.●**●..*
Ammunition,explod.wes,andtoxicslaboratory...
Electricalandelectromicasystemslaboratory...

SupplyFacilities:
Ammurdtionstorageinstallation.................
Ammunitionstorage-liquidpropellant......**....
Coldstaragewarehouse....................S.....
GeneralwarehouseNavy .....*...............*.*...
controlledhumiditywarehouse...................
Mazardous/flammablestorehouse. . . . . . . . . . . . . . . . . .
Undergroundstorage....*.... ● ....●..*.*.....●..
Disposal,salva8e,scrapbuilding..........’.....

1,

3%40
35-45
35-45
55-65
32-38
32-38
35-40
35’-40
22-27
15-20
15-20
16-21
15-20
62-6?
3s-40
35-40
3s-40
35-40
35-40
30-40
50-55
50-55
3S-40’
7S-80
75-80
75-80
45-55

70-80
30-35
70-80
28-32
20-30

75-80
75-80
70-75
75-80
60-65
75-80
65-70
35-40

20-25
20-25
15-20
20-25
18-22
20-25
15-20
15-20
24-29
22-27
22-27
22-26
22-27
23-28
23-28
18-22
18-22
18-22
18-22
32-38
23-2a
23-28
20-2s
7-12
1S-20
15-20
15-20

22-28
27-32
22-28
20-25
3-7

.*.*.
20-25’
20-25
23-28
33-38
2(3-25
23-28
2s-20
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Table 1 (Continued)
Factors for Individual Facilities by Navy Category Codel

DEMAND LOAD
NAVY FACTOR FACTOR
CODE DESCRIPTION (%) (%)

500
510 10
530 20
540 10
550 10
600
610 10
620 10
700
711
712
714 10
721 11
721 12
721 13
721 30
721 40
722 10
723 20
723 30
723 40
724 11
724 12,
724 22
724 30
730 10
730 15
730 20
730 25
730 30
730 35
730 40
730 45
730 50
730 55
730,60
730 65
730 67

Hospital-Medical Facilities:
Hospital ........................................
Laboratory ......................................
Dental Clinic....................................
Medical Clinic ..................................

Administrative Facilities:
Administrative Office ............................
Administrative facility, underground ............

Housing and Community Facilities:
FamilY housing-dwellings ........................
Substandard: Trailers-family housing ...........
Detached garages ................................
Bachelor enlisted quarters E1/E4................
Bachelor enlisted quarters E5/E6 ...............
Bachelor enlisted quarc,ers E7/E9 ...............
Civilian barracks GS 01/6 ......................
Disciplinary barracks .............................
Detached dining facilities, enlisted men ........
Latrine, detachsd ...............................
Laundry, detached ...............................
Garage, detached ................................
UOPH, w-1/o-2 .............................. ....
UOPH, O-3 and above ............................
Civilian quarters, GS-7/PLS .....................
Dining facility (attached) commissioned personnel
Fore station ....................................
Confinement facility ...........................
Police station ..................................
Gate/sentry house ...............................
Bakery ..........................................
Enlisted personnel locker room ..................
Laundry/dry cleaning plant ......................
Dependent school - nursery school ...............
Dependent school - kindergarten
Dependent school - grade school .................
Dependent school -high school ..................
Fallout shelter .................................
Bus Station .....................................

38-42
32-37
35-40
45-50

50-65
50-65

60-70
70-75
40-30
35-40
35-40
35-40
35-40
35-40
30-35
75-80
30-35
40-50
40-50
40-50
40-50
35-40
25-35
60-65
48-53
70-75
30-35
75-80
30-35
75-80
75-80
75-80
65-70
80-85
80-85

45-50
20-25
18-23
20-23

20-35
35-40

10-15
10-15
2-4
38-42
38-42
38-42
38-42
38-42
45-60
20-25
20-25
2-4
20-25
20-25
20-25
30-40
13-17
33-38 ,
20-25
28-33
45-60
18-23
20-25
10-15
10-15
10-15
12–17
30-35
30-35

lDe~andfactOr= include all~wan~e for system lCISS.

6
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Table1(Continued)
FactorsforIndividualFacilitiesbyNavyCategoryCodel

DEMANDLOAD
mm FACXORFACTOR
CODE D~SCRH?XION (%) (%)

73070
73083
73085
74001
7401$
74023
74026
74030
74036
74040
74043
?4046
74050
74053’
74056
74060
74063. , 74066
74070
74076
74080
74086
74088
76010
800
81110
81125
81145
81160
81220
83240
81320
82112
$2122
82150
82620
82720

83110

83230
83322
84110
84150

%emand

Decontaminationfacility........................
Chapel*****●*● ●0m*c●*0● ●*=●*,*● ●*.*O**.● ●*●.●.*●
PostOffice.....................................
EXchangeretailstore...........................
Bank●o*.*....*.***..*●Q***.**●o.**.**● ●“**0***●@
Coumfssaryincludingbackup~torage.............
Installationrestaurant.,****●***●.● ● ●..****●.●*
Exchamgeautorepairstation..........~.....o...
Hobbyshop,art/cxafts..........................
J30wli~Alley● ●****● ●*****●h*e●.● ●.●**.***●...*●

G~aaium.*●*●.●..●..**●*****.**●*.m.●.●.● ●*..●*
Skat$ngrink....*.**●*..●.● ●.***●*..*******.***●

Fieldhouse.....................................
Indoorswimmhgpool.*....**.******.**..●*●.....
Theater.....................................*...
Commissionedofficers’mess,open...............
Enliatedpersomnelclub.........................
Pettyoff%cers’mess,open......................
Mess0~631L}E-7throughE-9......................
Library*.**● ●.*.*.*●4...*.**●*....*●....**...●**
Golfclubhouse. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Exchangeinstallationwarehowae.................
Educationalservicesoffice.....................
Museum/memorialbuilding*****.*.*..*.**.***.●*.*

UtilitiesandGroundImprovements:
Electricpowerplant-diesel.....................
Blectricpowerplant-steam......................
Electricpowerplant-gasturbine● *.*****,****...
Standbygeneratorplant**●.*.**...●***.*●.e.*●.●

Streetlighting..*.*.●*.***...●,●****.**...●.*● *
Perheter/securityli@tix.....................
Substation,morethan499XV...................
Fossilfuelheathgplant-medium.............*
Fossilfuelheatingplant-large...............
Non-nuclearsteam@ant ..............+..........
ClziUedwaterplamt25/10Qtons.................
Airconditioning-chilledwatertninsmission/d%s-
tribwtionsyotem-medium(25/100tons)‘.......

Combinationsewageandindustrialwaste “
treatmentplant........●**.*.●..●**●...*.*● ● .●

Sewage-industrialwastepumpingstation.........
Incineratorbuildingandincinerator**m*● ● .,. , . . .

Watertreatmentfacilities...................4..
Wells-potablewater.*..*.*..................*.*.

factorsincludeallowanceforsystem10ss..
7

75-80
65-70
75-80
65-70
75-80
55-60
45-75
40-60
30-40
70-75
70-75
70-75
75-80
55-60
45-55
5S-60
5S-60
55-60
5S-60
75-80
7S-80
58-63
70-75
7S-80

60-65
60-65
60-65
75-80
95-..
80-85
2S-30
55-60
55-60
50-55
60-70
60-70

60-70
55-60
55-60
60-80
60-80

15-20
5-2S

20-25
25-32
20-25
25-30
15-25
13-20
25-30
10-15
20-45
10-15
7-12
25-50
8-13
15-20
18-23
18-23
15-20
30-35
15-20
23-28
30’-3s
30-35

58-63
S8-63
S8-63
5-1o
46-..
22-27
20-25
30-60
30-60
30-40
2S-30

25-30

15-20
30-3s
15-20
15-2S
15-25

I
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Table 1 (Continued)
Factors for individual Facilities By Navy Catego~ Codel

I

DEMAND LOAD
NAVY FACTOR FACTOR
CODE Description (%) (%)

843 20

890 20
890 42

125 10
132 10

213 41
213 42
213 43
213 44
213 49
,213 53
213 54
213 55
213 56
213 59
213 60
213 61
213 62
213 63
213 64
213 67

226
226
226
226
226
226
226
226
226
226
226
226
226
226
226

Fire protection pumping station .................

Compressed air plant ............................
Air-conditioning plant, 5-25TC...................

Miscellaneous.Operational and Training Facilities:
POL pipeline ....................................
Antema - communications ........................

Miscellaneous Facilities for Ship Repair and
Shipbuildi~ .............. ......................
Ship repair shopa:

Central tool shop - (06) (E) .................
Shipfitting shop - (11) (A) ..................
Sheet metal shop - (17) (B) ..................
Forge and heat.treatment space (23) (F) ......
Inside machine shop - (31) (G) ...............
Boiler making shop - (41) (D)...................
Electrical shop - (51) (M) ...................
Pipefitting shop - (56) (J) ..................
Woodworking shop - (64) (R) .................
Abrasive,blast facility ...............’.......
Paint and,blastingshop - (71) (S) ..........
Riggers shop - (72) (T) ......................
Sail lOft ....................................
Foundry - (81) (K) ..........................
Patternmaking shop - (94) (X) ................

Pumphouse, drydocks .............................
Miscellaneous Facilities for Naval Ordnance
Manufacture:
Ammunition components building ..................
Manufacturing ...................................
Explosive loading ...............................
Miscellaneous explosives storage and handling ...
Assembly building ...............................
Detonator building ..............................
Pelleting .......................................
Plastic beading .................................
Sewing room .....................................
Projective asaembly breakdown ...................
Machine shop ....................................
Phosphorous plant ...............................
TNT detonator (military) ........................
Ammunition tank box assembly ....................
Box emptying ....................................

lDemand factora include al10W8nCe for SYStem 10ss.
8

Do not include-
operate for
test off peak.
45-50
60-70

95-..

32-37
22-27
10-15
25-30
16-21
.12-17
33-38
22-27
25-30
30-35
50-55
50-55
35-40
35-40
28-33
75-80

15-20
30-45
65-70
65-70
40-50
65-70
40-50
55-60
35-40
55-60
16-21
35-40
35-40
35-40
35-40

25-30
25-30

46-..

23-28
24-29
15-20
13-18
21-26
14-19
20-25
17-22
21-26
10-15
23-28
20-25
20-25
22-27
12-17
0.1-0.2

20-25
17-32
25-30
5-1o
20-25
20-25
20-25
18-23
25-3o
18-23
21-26
25-30
15-20
15-20
15-20
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Table1(Continued).
FactorsforIndividualFacilitiesbyNavyCategoryCodel

DEMANDLOAD
mvx FACTORFACTOR
CODE Description (z) (%)

226
226
226
226

226
226
226

22950

750

75030
75054

82109
82109
83340
841

84520
$5230
87220
89020

Platixigmaintemnce.............................
M,ix$ngbuilding*****●***********●a●**● ●*0*****●**
Segregationfleetretwm........................
Plasterload....................................
Fluoroscopebuilding●.*.**9**●.●**a● ●********●**
Tankbu$ldingrocket............................
Hydrostatictest................................
Phosphorousloatling.............................
Vacuumandhydraulicpumpbuilding.....=........
Cabledr%ve.................+..e~egwa.s~.e.+.~.
Ikyerlxkil~$ng*..● ● ●**.*...******● ●.●*.●******.*

MiscellaneousProductionFacil$tiea:
Prmangphnt ..........+...............0 *.**..*

MiscellaneousStorageFac$l~tim:
Communityl?acilities-morale,welfare,~d
recreation-mmerior....................

Outdoorswimmimgpoolinstallation..............
Baredatand. . .. . . . . . ..’. . . . . . . . ... . . . . . . . . . . . . . . . .

MiscellaneousFacilitiesfor UtilitiesandGround
Improvements:
Heatingplantbuildin@(condensate)............
Heatingplantbuilding(heating)................
Garbagehouse...................................
Potablewater-supply/trea~ent/starage

P%pelinemonpotablewater......................
I%destrianbridge...............................
Guaxdandwatchtower~..........................
Compresseda$rplant.*●*.●.●.,●.●*● ●.● ●*****● ●*●

factorsincludeallowanceforsystemloss.

35-40
40-45
.35-40
35-40
45-50’
40-45
35-40
35-40
35-40
35-40
75-80

45-55

18-23
18-23
1.5-20
15-20
18-23
15-20
15-20
15-20
12-X.7
12-17
3-8

25-30

. Determineby
loadcount
andtime.
80-8520-25
7S-8015-2S

55-60 25-40
55-60 30-35
75-80 20-25
Determineby
loadcount
andtime.
55-603-8
80-8520-25
80-..46-..
60-6!520-25
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(10.76 W/m2), but could vary from a low of 0.5 W/ft2 (5.38 Whn2) to a
high of 1.5 W/ft2 (16 W/IU2)depending on the specific tasks to be
perfarmed. A minimum of 0.1 W/ft2 (1 W/m2) for auditoriums to a maximum
of 2.5 W/ft2 (27 W/m2) for machine shops is possible, although the upper
limit would occur very rarely. Mechanical spaces in building storage areas
and similar spaces in which outlets are provided but infrequently used are
usually neglected in computing loads, sxcept for special cases.

2.2.1.2 Electrlc Power Loads. Electric power loads shall include all loads
other than lighting loads and those served by general purpose receptacles and
comprise the environmental system electric power requirements and the facility
occupancy equipment electric power requirements.

2.2.1.3 System Loss. A system loss of approximately 6 percent, based on
calculated maximum demand, should be added to the building load.

2.2.2 D~. The demand and load factors for a specific
facility will vary with the division of load and hours of usage. Refer to
Tables 2 and 3 for values that can be applied to determine demand and load
factors. Table 4 is included as a guide and an aid in Illustrating the method
of determining loads, which are calculated for a particular‘typeof building,
such as an academic and general instruction building (Navy Code 171-10). The
values given are empirical and will vary from activity to activity, and may
vary from one facility to another within an activity. Annual hours use of
demand must be determined for each case in accordance with methods of
operation and characteristics of.the.installation. Demand factors and load
factors for individual facilities by the Navy category code given in Table 1
are based on a survey of existing Navy facilities and past experience. SUch
factors should be used for quick estimating purposes and as a check when a
more precise calculation is undertaken (refer to Table 4).

2.2,2.1 Guides for Demand Factora. For guides on the selection of demand
factors, refer to Table 5.

2.2.2.2 Guides for Load Factors. Guides for the selection of load factors
indicate ths need for special considerations (refer to Table ‘6). Factors in
the middle of the range are for the average facility au’the peacetime shore
establishment and should be used unless the guides in Table 6 indicate
otherwise.

2.2.3 Load Growth. Determine the requirements for load growth for
anticipated usage and life expectancy with particular attention to the
possibility of adding heavy loads in the form of air conditioning, electric
heating, electric data processing, and electronic communication equipment.
Before determining the size of service and method of distribution to a
facility, an economic analysis shall he made to determine the most feasible
WaY Of serving this future load. This analyais sha’1.‘.,cludethe effeet on
the,existing installation if future load.=require reir.iorcing or
rehabilitation of the service system.

10
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Table2
DemandFactorsforSpecific~oads~

BSTMAXRD qmc~
TYPESOFLOADS- RANGEOF ESTIMAIIHG

?MWiANDFACTORDEMANDFACTOR
(x) (%)

IWEORS:
General purposesmachinetool,cramea,
elevators,ventilation,compressors,
~Ps,etc..............................

MOTORS:
Miscellaneous,fractional~and
amalXapplhncea.........................

ResistancemwrisDheatera,andfurnaces....
Induction-furnaces.........................
I@lting..”*..●****●..**●.....9*****●.●.****.
Arcweldera............................. ...
Resistancewelders.........................
Air-comflitioningequipment.................
Refrigerationcompressor:m...................

20-100

10- 50
80- 100
80- 100
65- 100
25- 50
5- 40”
60-100
40-100

30

25
80
$0
7s
30
20
70
60

lDemandfactoraincludeallowancefortsyatem10ss.

Table3
AnnualHoursofDemandUsa~efarSpecificLoads

(?UXKES-IT6IIOURSUSE
TYPESOFLOADS 1-SHIFI2-smFT 3-sRn7r

oPE- ~oll ‘OPERAHOJN

MOTORS:
Generalpurpose....................... 1,200 1,600 2,000

MOTORS:
Miscellaneous,fractional,and
smallappliances...................... 1,500 1,800 2,100

Resistance.ovemstheaters~andfurnaces. 1,000 1,300 1,600
Inductionfurnaces...................... 900 1,200 1,300
Li$htiW.●....**●*....**..*****●.●,..0●. 2,200’ 2,800 3,s00
Arewelders............................. 50’0 700 900
Resistancewelders.....................9 500 700 900
Air-conditioningequipment
Lessthan1,500coollrkgdegreedays... 1,200, 1,400 1,600
1,500to1,500molfngdegreedays.... 1,600 1,$oo 2,000
Morethan 2,500coolingdegreedays... 2,200 2,500 2,800
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Table 4
Academic Building (Code 171-10) Demand and Load Factor Calculations

MOTORS

GENERAL Miscel-
laneous
FRAc– AIR
TIOfUL LIGSfTI~G CONDI- TOTAL
k SMALL TIONING
APPLI–
ANCES

1. Watts/square foot
(Watts/squaremeter)

2. Connected load:
3. Specific load-demand

factor
4. Msximum demand load

(line 2 X line 3)
5. Annual operating

(l-shift) usage
6. Annual usage in

megawatt hours
(line 4 X line 5)

7. Demand factor
Formula (1) .

line 4
line 2

%. Load factor
Formula (4) =

line 6
line 4 X 8760 hrs

1.0 1.0
10 10
100 kw 100.kw

30% 10%

30 W 10 kw

1,200 hrs 1,500 hra

36 15

—

— —

2.7’
26.5
265 h’

75%

200 W

2,200 hrs

440

—

4.5
45
450 w

70%

315 kw

1600 hre

504

—

9.2
91.5
915 h

—

5s5 kw

995

60%

20%

lcal~ulated for a 100,000 square-foot (10,000 square meter) building. See
tables 2 and 3 for data used for lines 3 and 5 respectively. Load growth is
included in connected load. Maximum demand load includes allowance for system
lose. For this illustration, the coincidence factor occurring when individual
demand loads are added is considered to be 1.00 and has not been shown.

12
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Table5
GuidesforSelectionofDemandFactors

Selectionoffactorsinupperhalfof Selectionoffactorsinlowerhalfof
forcondit~nsdescribedbel@w raw forconditionsdescribedbelow

I s
!

Fac%litieain activeuseamd Facilitiesofintermittentuseor! approachingsaaximwncapac%ty. notbeingfullywtilized.
Loadspredominantlylighting~ Motorloadsmadeupofanumberof
Loadspredominantlyheating. independentlyoperatedsmallmotors.
Loadsdomiriatedbyoneortwo Motorloadscontrolledautomatically
lar~emotors. unless.controldependsupon

wea~erc~ditions,

Instrwtfonbuildingswithlittleor LargeInstructionbuildingswith
noelectricequipment. electricaldemonstrationand

Communicationsbuildingswith a trainingequipment.
~ u ,,

PRODUCUFAG-S

Shopssmlfacilitieswhenengagedin Nospecialguides.
massD~O&3Cti071ofetiarDarts.

Facilitiesusedforrepetitive HOspecialguides.
tee- ofmaterialore- t.xl

RefrigeratedwarehousesinSouEh. Warehouseswithmanyitemsof
DehumidifiedwarehousesinMississippielectricmaterialshandling
Valleyandalongseacoasts. equipment~includingcranesand

WarehousesforactiveStoralle. eleVators.u
,

HOSPITALANDMEDICALl?A,XLWc Es

Hospecialmides. HosDecialmides,

13
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Table 5 (Continued)
Guides for Selection of Demand Factors

ADMINISTRATIVE FACILITIES

Large administrative buildings with
mechanical ventilation and air

Casual offices, offices used
infrequently by foremen and

conditioning. supervisors, or offices in which
Note: Group large administrative there is little prolonged desk
buildings separately only when work.
administration is a significant

~

I
HOUSING ANO COMMUNITY FACILITIES

Enlisted barracks at training centers. Food
Public quarters where less than 25 is
family units are involved,

Restauranta, exchangea, cafeterias,
and other food 8ervice facilities

service facilities where load
primarily cooking and bakin8.

UTILITIES AND GROUND IMPROVXMSNTS
Centrsl heating,plants serving No special guides.
extended areas and buildings.

Water pumping stations serving
extended areas or carrying most
of load of water systems.

Central station compressed air Dlants.

14
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Table6
GuidesforSelectionof

SelectfactorsinupperhalfofrangeSelect

LoadsFactors

factorsinlowerhalfofrange
forconditionsdescribedbelow. forconditionsdescribedbelow

Facilitiesoperatedontwoormore Facilitiesusedintermittently.
shifts. Inactivefacilities.

LoadsthatareprimarilyfluorescentLargemotorloadswhentheload
orhighintensitydischargelighting.consistsof relativelysmallnumbers

Manysmallindependentlyoperated of motors.
motors. Wholesale-typeservicefacilities.

Electronicequipmentcontinuously
operatedfor immediateuse.

Coolinganddehumidificationloads
foryear-roundclimatecontrolin
southernclimates.

Reta!l-typesezviceIoaihandloads
thatareinactiveuse.

.
~ FAIJJ$IE‘c s

Large,permamentinstruction Special-purposeinstructionand
buildingsinactivewe. trainikgfacilitiesnotregularly

used. .

OHFAC&X.X.l&S

ShopswithbatteryChar@g WeldingIoadaorIoademadeup
equipmentoperatedafterhours. primarilyofweldingequipment.

Activeshopsatfullemployment.Job-orderworkshops.
Massproductionshops.. Shopswith large,heavyspecial

fmnctiommachines.
Largeinductionordielectricheating
loads.
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Table 6 (Continued)
Guides for Selection of Loads Factors

SUPPLY FACILITIES

Refrigerated end dehumidified Refrigerated warehouses in IVorth,
warehouse in South or in humid Warehouses with large materials
climates. handling equipment loads.

I Warehouses for active storage and
in continuous use.

I
OSPITAL A~ FACILITIES

Clinics and warda with daily No special guides.
operating hours and in active use.

Large, active, well-lighted Ho apeclal guides.
offices with ventilation and
air-conditioning equipment.

I

1.
HOUSING AND COMMUNITY FACILITIES

Navy axchanges with food service Restaurants and exchanges serving only
facilities. one meal a day.

Gymnasiums used in comection Restaurants and exchasges with gas or
with physical therapy. steam food preparation equipment.

Barracks at schools and training Chapels used primarily on Sundays.
centers. Subsistence buildings serving less

than four meala a day.
Laundries with dry cleaning plants.
Exchanges operated less than 8 hrs/day.
Gatehouses operated leas than 24 hrs/day.

UTILITIES AND GROUNO IMPROVSMFXTS

Heating plants that supply both Heating plants in South,
heating and process steam.

Water plants with little power load.
Air-conditioning plants for year-round

control of environment in South.
Compressed air plants consisting of
many banked compressors operating
automatically.

16
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.

2.2.4 =ncv Loads.Thedeterminationofemergencyelectricpower
requirements$sbasedonthreetypesofloads<refertoSection3fortypesof
loadstobeincludedineachcategory):

a) minimumessentialload,

b) emergencyloadforvitaloperations,and

c) wninterrwptible(no-break)load.

Whenthethreecategoriesofemergencyelectricpowerrequirementshavebeen
ascertained,determinewherelocalemergencyfacilitiesarerequired~where
loadsmaybegroupedforcentralizedemergencyfacilities,andWhatloadsare
satisfieabythereliabilityofthegeneralsystem.Basetheaforementioned
determimationaonisafetyfireliability,andeconomy~~nthatorder.

2.3 ~aLaads.Arealoadsconsistofgroa~sofindividualfacility
loadsservedbyasubdivisionoftheelectricdistributionsystem.Theterm
‘areaWappliestothenextlargersubdivisionof anoveralldistribution
system.Deinandloadsfor anareamustbeknownforsizingthedistribution
wiringandsw3tChimg,andinalargeinstallationwillbexequ%redforthe
deaigmofsubstationsservingthearea.Table7givesanexampleofhowthe
coincidentpeakdemamdiscalculate~.

2.3.1 G~eralW * Toobtainthegeneralload,addroadwaylighting,
arealighting, obstructionlighting,andotherloadsnotincludedin
individualfacilityIoada.

2.3.2 idenceFactq. Determinethemaximumexpecteddemands,taking
intoconsiderationwhetherloadswithintheareapeakatthesameorat
differenttimes.

2.3.2.1 EWMmhiu.Figure1indicatestherelationshipthatexists
betweentheloadfactorofindividualfacilicyloadsandthecoincidenceof
theirpeakdemandswiththepeakdemandofthegroup.I’hisrelationshipwas
developedbyastudyoftheloadsofselectednavalshoreactivitiesandby
theapplicationoffactorsdevelopedtotheformulaspublishedbythe
Instituteof~lectricalandElectronicEngineers(IEEE).For collateral
readingonthissubject,referto IEEETechnicalPaper45-116
Ceinciden~e-FactorRe~ ofJ31ectricServiceLoadCharacerft Sties.
Table83sFigure1Intabuhmformwithvaluesshowntothenearestwhole
dollar,exceptforlowloadfactors.

2.3.2.2Select20q.Areaswithrelativelyinsignificantresidentialtype
loads,wheretheloadcurveindicatesthatmostofthe electric powerconsumed
intheareaisusedduringthe40nomalworki~hoursof aweek,have
coincidencefactorsatthehigherendof therange.4

2.3.2.3Blecrict PowerConsumntioq.Ingeneral~areaswherelargeamounts
ofelectricpowerareconsumedoutsidetheusual40workinghoursaweekhave
acoincidencefactoratthelowerendoftherange(ex”amplesarehospitals$
areasoperatedontwoormoreshifts,orlargebarrackstypeactivities).The
upperlimitoftherangeisfora40hourperweekoperation;thelowerlimit
isfora60hourperweekoperation.
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Table 7
Method of Calculating Coincident Peak Demand

TOTAL DEMf?D MARIMUM LOAD COIf7- COIN-
CONNECT- FACT- DEMAIVD FAC- CID- CID-

NAVY ED LOAD OR TOR EI’7CE ENCE
CODE DESCRIPTION FAC- PEAK

TOR

.) (%) (%) f.%) (%) ~k~
Fuel oiluump house ..................................................

125 16
125 16

125 20
125 20
131 35
131 50
131 50
131 50

133 25
133 75
141 20

141 40

141 60
171 10
171 10
171 10
171 10
171 10

171 35

211 10

211 12
211 22

211 21
211 21
211 21

211 83
212 20

214 20
214 20
214 20
214 20
214 20

Fuel oil~ump house ..................................................
Total 0.3 100 0.3 52 521 0.2

Filling station ...... 3.0 60 1.8 18 571 1,0
Filling station bldg . 0.3 80 0.2 20 611 0.1
Receiver building 2.1 65 1.4 72 79 1.1
Transmitter building .................................................
Transmitter building .................................................
Total .;............ 37.2 65 24.2 72 79 19.1

Tacsn building ....... 0.7 65 0.5 72 79 0.4
Radar building ....... 1.2 70 0.8 72 79 0.6
Aircraft fire and

rescue station ..... 8.o 30 2.4 15 521 1.2
Aircraft operations
building ........... 80.2 80 64.2 28 ,581 43.6

Photographic building 10.5 70 7.4 18 571 4.2
Academic instruc. bldg..................................................
Academic instruc. bldg................................................
Academic instruc. bldg................................................
Academic instruc. bldg................................................
Total 47 60 28.2 22 621 17.5

Operational Trainer
facility ......... . 0.1 80 0.1 15 521

Aircraft overhaul
....

and repair shop .... 7,600 38 2,890 25 952 2,745
Paint/finishing hangar 127 70 89.0 26 ,561 58.3
Engine preparation
and storage shop .....................................................
Engine maint. shop ...................................................
Engine maint. shop ...................................................
Total .............. 405 40 162 15 521 84.2

Engine test cell ..... 360 45 162 28 ,581 110
Missile equipment
maint. shoD ........ 3.0 40 1.2 22 621 0.7

Auto veh. ma&t. fats.....................................
Auto veh. maint. fats.....................................
Auto veh.maint. fats...............................”......
Auto veh. maint. fats.....................................
Total 370 60 222 25 65

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .
145
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Table7(Continued).
MethodofCalculatingCoincidentPeakDemand

I

73310 lWrestation......... 14.6 30 4.4 15 521 2.3

Total 3,325
systemloss(6%) 194
Grandtotal 3,429

~~e~o~~id~ce factorhasb~~~ncreastdgoa~lo~for10V loadfaCtOr ad

number offacilitiesinthearea.Refertopara.2.3.2.4,Xnflnencing

factorhasbeenincreasedbecauseoftherelativemagnitude
Refertopara.2.3.2.5,J@jvidualLoadq,ofthishandbook.

.

.

.
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Figure 1
Theoretical Relationship Between Load Factor and Coincidence

Factor at U.S. Naval Shore Establishments
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Table8 ‘
RelationshipBetweenLoadFactorandCoincidenceFactor

CO~HCZhEfiCEFACTOR COINCIDENCEFACTOR
(x)

LOAD LOAD
FACTOR FACTOR
(z) 40 60 (%) 40 60

.

I

I

I

1
2
3
4
5
6
7
8
9

~10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
2$
29
3’0
31
32
33
34
35
36
37
38
39
40
41
42
43

2.5
7.5
12
17
21
2!$
28
32
35
38
43
44
46 ~
49
51
5’3
54
56
57
59
60
61
62
63
64
65
66
67
68
69
69
69
70
70
71
71
71
71
72
72
72
72
72

1.5
4.s
8
n
14
17
20
22
24
26
29
32
34
36
38’
40
42
44
46
48
50
51
53
54
5s
56
S6
57
58
59
60
61
62
63
64
64
65
6S
65
66
66
66
67

53
52
53
54
55
56
57
58
59
60
61
62
63
64
6S
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
al
82
83
84
85
86*
87
88
89
90.
91
92
93
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73
73
73
73
73
73
73
74
74
74
74
75
75
76
76
77
77
78
78
78
78
79
79
80
81
81
82
82
82
82
82
82
83
84
85
86
87
88
89
90
91
92
93

69
70
70
70
71
71
71
71
72
72
72
73
73
74
74
75
75
76
76.
77
77
78
78
79
80
80
81
81
81
82
82
82
83
84
85
86
87
88
89
90
91
92
93
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Table 8 (Continued)
Relationship Between Load Factor and Coincidence Factor

COINCIDENCE FACTOR COINCIDENCE FACTOR
(%) (%)

LOAD Loads (hr/wk) LOAD LOADS (hr/wk)
FACTOR FACTOR

(%) 40 60 (%) 40 60

44 73 67 94 94 94
45 73 67 95 95 95
46 73 67 96 96 96
47 73 68 97 97 97
48 73 68 9s 98 98
49 73 69 99 99 99
50 73 69 100 100 100
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2.3.2.4~ Factorq.Thenumberofindividualloadsinagroupand
theirloadfactorsinfluencetheindividualloadcoincidencefactor.The
coincidencefuccorsinTable8applyforgroupsof MOor moreindividual
loads.Thesecoincidencefactorscanalsobeusedforgroupsofasfewas30
to!50individualloadsiftheirloadfactoris0.30orgreater.For areasof
fewerindividualload~~themathematicalrelationshipfromXEEETedhnical
Pa~er45-116provides&basisforestimatingtheconnectedcoincidencefacto=
asshownbythefollowingequation:

~ = Et+(I-l?t)I/n (s)
Where:

%= Theindividualloadcoincidencefactorappliedwitha
givennumberofconsumers

Et= thecoincidencefactoraa.giveninTable8In
hundredths.

n= thewmlwrof individualloadsinauoup.

2.3.2.5 Lo@ ThecoincidencefactorsinTable8arebasedon
theindividualloadsina~roupbeingsubstmtiallythes~esize.Ifa
singleloadorsmall@roypofloadsinanarearepresentsasubstantial
percentageofoverallload,thecoincidencefactorsasgiveninXable8will
nolongerapply.Withanindividualload,increasethecoincidencefactorto
avaluecommensuratewithit~effect“ontheovera~larea load.Thisisnotin
additfonto,butinplaceof}thenormalcoincidencefactor.Determinethis

valuebyconsideringintergroupcoincidencefactorsgiveninparagraph
2.3.2.6.(~exampleoffacilityNavycode211-70ispresentedinTable7.)
Forasmallgroup,determinethecoincidencepeakload,andtothisapplythe
appropriateintergroupcoincidencefactortoobtainthecoincidencepeakload
forthearea.

2.3.2=6~. Wheregrpupsofloadswithinanarea,or
areaswithinafacilityarecombinedpamadditionalintergroupcoincidence
factorwilldat. ForloadsO*asimilarnature,theintergroupcoincidence
factorshouldbeintherange0.93to1.00.Ifloadsofavaryingmature
(eveningloadsanddaytimeloads)arecombined,theintergroupcoincidence~ factorshouldbeintherangeof0.70to1.00.Thelowervalues will occur
whenthemagnitudesoftheloadsarenearlybalanced,andthehigheroneswhen
thecombinedloadispredominantlyonetype.

2.3.3 LoadRrowt~. Inadditiontoplanned~pansion,increased
applicationofelectricequipmentwillgenerateanincreaseinload.When
sizingcomponents,suchastransformersorfeedersfo~theareasystem,
considerpossibleloadgrowthinadditiontothatin~ludedinthe
determinationofindividualloads.

2.3.4 SvstemLos.%eQ.Adddistributionsystemlossestoestimatedarea
demands.Foragoodapproximation,use6percentofthecalculatedmaximum

I demand.
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2.3.5 Emer~encT Loads.
area, based on criteria for
to determine the following:

a) The emergency

MIL-HDBK-loo4/l

Review the overall emergency requirements for the
the facility or es furnished by the using agency,

loeds that may be combined in groups to take
advantage of the coincidence factor.

b) The type of distribution system needed for reliability and to
economically satisfy at leest the less critical emergency loed requirements.
Thie reliability can be provided‘onlyif the source of electric power is not
the determining factor.

c) Area loads that must be added to individual emergency loads; for
example, security lighting and minimum roadway lighting.

2.3.6 ExDansion. The planned development of the area, as shown .onthe
activity general development map, shall be considered for requirements of
future expansion.

2.4 Activitv Loads. Activity loads are loads that consist of two or
more area loada served from a single electric power source mid an integrated
distribution system.

2.4.1 General Loads. Follow the approach.used in pera..2.3 for area
loada. Area loads used for determining activity coincidence demand should be
the area coincident.demand,exclusive of allowance for load growth.

2.4.2 Coincidence Factor. Refer to para. 2.3.2 for the neceaaav
approach. Where dissimilar areas,.whether.res:denti,al,.atiinistrative,Or
industrial, are part of an activity, make a careful analysis of the
coincidence factor used.

2.4.3 Load Growth. As for an erea, components should be sized after due
consideration has been given to load growth. Apply this increase to the
coincident demand of the activity.

2.4.4 ExDansion. The planued development of
general development map, shall be considered for
expansion.

the activity, aa shown on its
requirement of future
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Section3: SELECTIONOFELECTRICPOWERSOURCE

3.1 EQLWZ*In ~1-~r~cPOW- Sowce selection,usechesamecriteria
employedfor selectionofelectricpowerplantsh NAVFACDM-3,Mechanical
En@neerlngSeries.

3.2 ~c Factom.Usetheshinecriteriapmmntedforeconomic
studiesof electricgeneratingplantsIntheNAVPACD3S-3Series.

~3.3 wectricPoer$our~v ● Theelectricpowersupplyforamajorshore
activityusuallywillconsistofthreesouxces:primary,standby$and
emergency(alternate).Inaddition,someoperationscannottolerateany
electricpowerhnerruptiom,thusrequiringtmimterrwptiblepowersupply(UPS)
systems.?51L-13DBK-1190~$ ~aPter7~der
“AlternatePowerSources,”indicatessystemsandfunctionsauthorizedtohave
alternatepowersourcesandprovidesdesi$ncriteriaforsuchalternate
sources.:

3.3.1 ~. me PrimaryOrpreferredsourceshouldhavesufficient
capacitytoprovideforpeakelectricpowet’demandduringnormalpeacetime
operations. .

3.3.2 ~. me stmdbyao~rceShOWldhaveenoughcapacitysothatthe
standbysystemcansupplyalloftheminimumessentialoperatingelectricload
oftheactivityand,whenaddedtothecapacityoftheprimarysource,will
provideacombined.capacitysufficienttoservetheestimated~eakdemsnd
undermobilizationconditions.X’Ris“minimumessentialoperatingelectric
load”istheminimumelectricpowernecessarytosupporttheabsolutely
essentialoperationsoftheactivity$withillum~nationreducedtoabare
minimumandwithallconvenienceloadsandotherloads(suchashospital
elevators,excepttheminimumrequiredforpatientandfoodtransportation)
avspended.Wheremajorhtemitteutloads,suchasdrydockpumping,elec?xic
furnaces,electricwelders,andwindtunnels,areinvolved,itisnecessaryto
determinewhetherconcurrentoperationofsuchequipmentcanbeavoided.

3.3.3 ~. Theemergencysources,usuallyoneormare
engine-driven,manual,orautomatic-startingemergencygenerators,shouldhave
sufficienttotalcapacitytoprovidetheelectricpowerdemandforvital
operations.Vitaloperationsarethosethatcantolerateelectricpower
interruptiononlyforrelativelyshortdurations.Forcertainoperations,the
permissibleelectricpowerinterruptionisaslongas4hours,forothersit
isonly10seconds.Thelatterconditionwillrequireautomaticstartbucthe
formercondieiommaybemanualstart.Theemergexkcysourceshouldbeof
sufficientcapacitytoprovideacontinuousandadequdtesupplyforvital
operations,butshouldbeplannedtobeara soundrelationtothestandby
serviceprovided.Vitaloperationswillnormallybeintwocategories:

a)

b)

Toqual%fyas

Operationsrecognizedbylocal,state,o,rnationalcodes,and

Operationsdeterminedasvitalbythemajorclaimantoruser.

avitaloperation,theelectricpoweroutagesmustcause10ssof
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primary missions, thus resulting in disastrous situations or extreme safety
hazards as compared to minor disruption snd inconvenience. Such vital
operations may include, but are not necessarily limited to, communications,
ventilation, and llghting of combat operations centers, personnel bomb
shelters, anti-aircraft, harbor defenses, industrial processes that might
cause explosion if interrupted,hospital surgeries, blood banks, bone banks,
iron lungs, and similar operations.

3.3.4 Un nter u tible~r. An Uninterruptible Power
Supply (UPS) system is necessary for certain electronic or other equipment
that perform a critical functions and require continuous, disturbance-fres
electric power to operate properly. This electric power system must, under
all conditions, provide regulated electric power to the critical load.

3.4 ~. Electric power sources
acceptable for supplying shore facilities are given in paras. 3.4.1 through
3.4.4.

3.4.1 ~. T$e primary source of electric power may be navy-owned
generating equipment or one or more feeders from an outside electric power
system.

3.4.2 Standb.f. Where the primary source of electric power ia Navy-owned
generation, the standby source may be other liavy-ownedgeneration or ssrvice
supPlied over a feeder, or feeders, from an outside electric power supplier.
.Where the primary qource.of electric power is from an outside electric power
supplier, the standby source may be Navy-owned generation or service supplied
over a feeder, or feeders, from a different outside electric power supplier or
supply from an alternate feeder from,the same outside electric p~w~r
supplier. The alternate feeder must be located at some distance from the
normal feeder, and supplied independently of ,thesubstation and generating
source of the normal feeder. Where this is not feasible, a supply from
transmission lines or substations of the outside electric power supplier,
which themselves have dual supplies, is an acceptable alternative.

3.4.3 Emerkency. Permanently installed, mobile or semimobile, manual or
automatic starting generating equipment should be provided to supply emergency
electric power. Emergency generating capacity should not exceed the minimum
required to supply electric power for vital operations, and should be located
as close to those loads as practicable. Provisions for normal load growth (15
to 20 percent spare capacity) shall be provided. As a minimum, the provisions
of NFPA 110 EmerRencv and Standbv Power Svstems, shall apply.

3.4.4 ~q , Permanently installed,
automatically operated equipment should be provided to supply uninterruptible
electric power. Equipment capacity should not exceed the minimum required to
supply electric power for critical loads, and equipment should be located as
close to these loads as practicable. Provision for normal load growth (15 to
20 percent spare capacity) shall be provided.

3.5 Purchased Electric Power Requirements. In the selection of private
utility eleCtric power SUpplies consider the factors in paras. 3.5.1 through
3.5.5.
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3.5.1 $deauacv.Determinethecapabilityoftheelectricutilitycompsny
tofurnishelectricpower,oftherequiredcharacteristics,tomeetthe
immediateestimateddemand.Thecapabilityoftheutilitytomeetthedemand
undermobilizationconditionsshouldbedeterminedonthebestbasis
ava$lable.Ascertainwhetherornottheutilityhasenough-constructioninI
itsprogramtomeettheloadsanticipatedforthenext5 years.

3.5.2 * Investigatethehistoryofoutagesof the contemplated
I utilitycompanytodetermineifitcanprovidethedegreeof reliability

requiredbythepqrticwlarinstallation.TheinvestigationshallAncludethe
followingitems%

a)AS-yearhistoryofserviceoutagesinthearea,includiti-:

I (1}Thetime anddateofeachoccurrence

(2) Duration,time,anddateofeactirestoratlon

\ (4) Stepstakentorestoreserviceand
I (5)Aprobabilityanalysisshowingtheexpectednumberof

outagesof1minute,5m.iriutes$10minutes,30minutes~and60minutes.

. b) Aone-linediagramofthesupplier’ssystem,ohowingtheI locationofallswitchingequipment,circuitbreakers,relaying,andsimilar
components.

c)Ashortcircuitseudyof the system,includinginterrupting
capacitiesofallswitchingequfpment,timeconstants,andshortcircuit
currentsforbothexistingandexpandedfacilitiesinthearea.

I
d) Voltageregulation,nominalvoltage,andnormaloperating

voltageofsupplier’sfacilities.I
e) Climaticandotherphysicalconditionsprevailinginthearea

andonthesystemthatmayaffectthereliabilityofservice.Someutilities
‘willonlysupplyaminimumofdatafor itemsa) to c)I =d evaluationmaybe
necessaryusingdataavailablefromothermilitaryinstallationsinthearea.

3.5.3 ~~s. TOtakeadvantageofthelowestavailablecoatofelectric
I energy,compareelectricenergyrateswithestimatedmaximumdemandand

Consumption.Comparetheestimateddemandblockwithpricesperkilowatt-hourI
ofothercustomersservedbythesameutilitycompany.ChoiceofeitherI @maryorsecondaryconnectionshallbebasedonseleqtionofconnection

I chargesandrentalof companyequipmentthatprovide$hemaximumadvantageto
i theGovernment.Ananalysisofratesshallbebasedonthecompany’scomplete
I tariffcoveringal~typesofservices.Thisrevf.ewwillentailcomparisonof

severaltariffsthatareavailableonanalternativebasis,aswellasthei
Contractor’sgeneralrulesandregulationsthatmod$fy.thetariffs.I

I
I 3.5*4 PrimarvServiceRiRht-of-Way.Thesupfllycompanyshouldprovidethe

right-of-wayforallofitselectriclinesuptotheGovernmentpropertyI (refertoMIL-lHIBK-1004/2,PowerDistributionSvstems).
I

27

Downloaded from http://www.everyspec.com



MIL-HDBK-1004/l

3.5.5 Pr mar~ns

3.5.5.1 Voltage. A substation may not be required where the utility company
serves energy at 13.8 kV or less; distribution may be at this voltage. In
some cases, if the loada are large enough, distribution may be done at higher
voltage up to a maximum of 35 kV. Refer to Section 6 for information on
levels of distribution voltage, and MIL-HDBK-1004/2 for data on substations,

3.5.5.2 gconomics. Ueually, ownership of main substations serving an
activity is determined by engineering and economic factors. Distribution
system voltages, as well as amortization costs of substations, should be the
controlling factors.
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section4: UNINTERRUPTIBLEPOWER-SYSTEMS

I

.

4.1 Uninterruptiblepowersystem(UPS)willuse
centrally-procmredGov~rnmemt-firmishedEquipment(GFE).GPEincludestheUPS
moduleandtheUPSbattery.Theemergencygeneratorisnotnormallyincluded
aspartoftheGFB.Procurementofthisequipmentisbeyondthescopeofthis
handbook.However,theinstallationofsuchequipmentincon$mctionwith
auxiliarysystemmustbeproperlydesigned,whichrequiresanunderstanding
ofthespecializedequipmentandconceptsinvolved.Thissectioncovemthe
equipmentinstallationcriteriawh$ch,whenintegratedwith&heindividual
projectreqmirememts,shallprodwceasafe,reliable,andcostefficient
design.

4.2 SXi&!@&Thelatestissues
usedtoensurecorrectirmta~lationof

$mZELx

ofthefollowi~docmmentsshallbe
theGFEequipment:

-

UPsModule ...................Manufacturer’sinstallationinstruction

Battery......................Manufacturer’sinstallationinstruction

EmergencyPower..............IEEl3446,J?ecmmendedPracticefor
CYStandbypOW~rSystemsand

DM-12.1,BlectrnicFcilo a ities
erirlg

Environmental
cons5deratioms
(mecbnicaldesign)..........DM-3andDM-12.1

4.3 PoerLoadCat~ Powerloadca~egoriesareIllustratedin
Figure4ofL12.1.Theperti;entcategories,M@edbelow,aredefinedin
M-12.1:

a) StatIonload

b) Nonoperationalload

c) Operationalload

d) Utilityload(“nontechnicalload”)

e)Electronicload(“technicalload”)‘

f)Noncriticalelectronicload(“noncriticaltecbn$calload”)
g) CriticalelectronicMad(“criticaltechnicalload”)
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4.4 Definitions. The following definitions

a) Uninterruptible Power SUDDIV Svstem

of terms shall apply:

- An uninterruptible power
supply system consists of UPS equipment, backup power source(s), environmental
equipment, switchgear, and controls which together provide a reliable,
continuous quality electric power system.

b) ~d - The critical electronic load is that
part of the load that requires continuous quality electric power for its
successful operation.

c) hiZIterrUDtible Power SUDDIV (UPS1 - An uninterruptible power
supply (UPS) consists of one or more UPS modules, an energy storsge battery,
and accessories as required to provide a reliable and high quality power
Supply. The UPS isolates the load from the primary and emergency power
sources and, in the event of a power interruption,provides regulated power to
the critical load for a specified period depending on the’battery capacity.
The battery normally has a 15-minute capacity when operating at full load.

d) UPS Module - A UPS module is the static power conversion portion
of the UPS system and consists of a rectifier, an inverter, and associated
controls along with synchronizing, protective, and auxiliary devices. UPS
modules may be designed to operate either individually or in parallel.

e) Nonredundant UPS Configuration. The nonredundant UPS
configuration consists o.,fone UPS,module with a static bypass circuit and a
battery, and a maintenance bypasa cabinet. Upon failure of the UPS module,
the static bypass circuit automatically transfers the critical electronic load
to the primary or emergency qource without an interruption to the load (see
Figure 2).

f) “Cold” Standby~n. The ‘~cald’$standby
redundant UPS configuration consists of two independent nonredundant UPS
modules with a coumlonbattery. One UPS module operates on the line, and the
other UPS module is turned off. Should the operating UPS module fail, its
static bypass circuit will automatically transfer the critical electronic load
to the primary or emergency source without an interruption to the critical
load. The second U?S module is then manually energized and placed in the
bypass mode of operation. To transfer the critical load, external
make-before-break nonautomatic circuit breakers (or contractors)are operated
to place the load on the second UPS bypass circuit. Finally, the critical
electronic load is returned from the bypass to the second UPS module via the
static switch. The two UPS modules cannot operate in parallel; therefore, an
interlock circuit must be provided to prevent this condition (see Figure 3).
UPS modules are to be transferred to and from “cold” standby every three
months. The mode of operation is as follows:

(1) Transfer Circuit Interlock. External BYDass - The two
circuit breakers (or contractors)shall be nonautomatic and motor operated.
Transfer to and from one UPS to the other shall be a closed circuit
(make-before-break)transition and shall be possible only when ‘bothUPS’s are
in the bypass mode of operation.
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(2)~ -TOtransfercriticalloadfrom
UPSmoduleNo.1toWI%moduleNo.2,bothmodulesaxeplacedinthebypass
mode.TINEmake-before-breaknonautomaticcircuitbreakeraareoperatedto
transferthecriticalloadtothebypasscircuitofUPSmoduleNo.2,after

I
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which the critical load is transferred to supply
module No. 1 can then be completely isolated for

the inverter.output. UPS
maintenance or repair.

g) parallel Redundant UPS Confi!auration. A parallel redundant UPS
configuration consists of two or more uPS modules with a system control
cabinet and a common battery. UPS modules operate in parallel, and the systsm
is capable of supplying the rated critical load upon failure of any one UPS
module. The failed UPS module will be disconnected from other UPS modules
without an interruption to the critical load (see Figure 4).

4.5 Redundancy. For facilities requiring UPS systems, a nonredundant
UPS system is satisfactory for moat operations. The justification for the
added expense of either redundant system is given in paras 4.5.1 and 4.5.2.

4.5.1 f,coldwStandbv Redundant UPS .$YSteIn.Provide a “cold” standby
redundant UPS system when the installation site is isolated snd logistic
support ia poor or when the primary electric power supply “exhibitspoor
reliability by experiencing ❑ore than four power interruptions per month or
when the primary electric power .aupplyprovides voltage Or fre9uencY
fluctuation which ar’ebeyond the limits permitted in MIL-HDBK-411, LonK Haul
Communications (DCA) Power and Environmental Control for Phvsical Plant.

4.5.2 P~13 . Provide a parallel redundsnt UPS
system when the frequency of the primary electric Power SUPPIY must be
converted to serve the critical load (that is, 50 Hz to 60 Hz, or 60 Hz to 400
Hz).

4.6 Electric Service and BvDass Connectors. Two separate electric
services, one to the UPS rectifier circuit and the other to the UPS bypass
circuit shall be provided. Where possible, they shall emanate from two
separate buses with the UPS bypass connected to the electronic (noncyclic)bus
and the rectifier connected to the utility (cyclic) bus. This connection
provides isolation of sensitive electronic loads from the effects of UPS
rectifier harmonic distortion and motor startup current inrush.

4.6.1 Electric Service Size. A UPS system ia considered to be a
continuous type load, and service to both the rectifier and bypaas circuits
should be sized in accordance with article 220 of the National Electric Code.
The required current for the rectifier circuit is calculated based on the UPS
output rating divided by the UPS efficiency and multiplied by a load factor of
125 percent to take into account battery charging. The UPS bypass circuit may
be rated for less current since both UPS losses and battery charging
requirements need not be supplied.

4.6.2 Maintenance BVDass Provisions. TO provide for maintenance of
equipment, bypass provisions are provided as follows:

a) For the non-redundant UPS unit, install an external bypass
switch in order to completely isolate the UPS unit (see Figure 2). This iS to
enable testing of the UPS unit, including the static switch, with dummy load
without interruption to the critical bus.

b) Each module of the “cold” standby redundant UPS has the same
built-in bypass circuit provisions as the nonredundant UPS. Complete
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isolation of one UPS module (including its bypass) from the other module is
inherent in the “cold” standby redundant configuration (see Figure 3).

c) The parallel redundant UPS contains a built-in manual bypass
Circuit in the COntrOl cabinet which will serve to isolate the Ups modules
during emergency conditions or maintenance. This manual bypass circuit
provides make-before-break switching and contains synchronizing provisions.
Where frequency conversion ia provided by the UPS, a solid state frequency
conversion system or a motor-generator.set will be required to bypasa the UPS
module.

4.7 UPS Distribution Svstem. The UPS system serves critical loads
only. Noncritical loads are served by separate distribution systems supplied
from either the electronic or utility bus as appropriate.

4.7.1 Critical Load Protection. Provide critical load,panels with
current-limiting circuit breakers or fast acting fuses to shorten the
transient effects of undervoltages cauaed by load faults.

4.7.2 Critical Motor Loads. Due to the energy leases and the starting
current problem inherent in motor-generator sets, their connection to a UPS
bus should be limited to frequency-conversionapplications only. Generally,
motor-generator sets shall be started on the ~S bypass circuit. I+owever,
motor-generator sets may be started on the rectifier mode of operation under
the following conditions:

a) When rating of the motor-generator aet is less than 5 percent of
the UPS rating.

b) When reduced voltage starters are utilized for each motor load.

c) When more than one motor-generator set is connected to the
critical bus, each set must be energized sequentially rather thsn
simultaneously.

Solid state frequency conversion systems may be considered in lieu of
motor-generator seta.

4.8 Emergencv Electric Power Source Requirements. The UPS system can
serve the critical electronic load continoualy during periods of normal source
electric power outage only if one or more emergency engine generators are
provided and sized to supply not only UPS equipment, but all necessary
auxiliary equipment such as lighting, ventilation, and air conditioning. The
emergency electric power source shall meet the criteria given in paras. 4.8.1
through 4.s.5.

4.8.1 Automatic Operation.’ The emergency generator(s) shall be automatic
start, automatic transfer-to-loadupon normal electric power failure and shall
include provisions for automatic load shedding and load restoration where
required.

4.8.2 Paralleling. At a minimum, manual synchronizing of the emergency
generator(s) with the normal electric power source shall be provided. As an
alternative, automatic synchronizing of the emergency generator with the
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normalelectricpowersoaxcemaybeconsidered.Ifmo”rethanonegeneratoris
installed,automaticparallelingcapabilityshouldbeprovided.Parallel
o~erationofgeneratorswiththelocalcommercialutilitysupplymayrequire
theapprovalofthelocalutilitycomp~.

4.8.3 ~. controls~hal~al~owd~~~y
b starting the emergencygenerator(s)from10to120seconds(variabletobe
setbythefacility)toavoidcyclingofthegenerator(s)duringmomentary
transientsoroutagesofthenormalelectricpowersupply.Controlsshould
alsoprovideatestpositionongeneratorstoallowthemtoberunforaset
per~oduntilthetemperaturestabilizes(usuallylessthan30minutes)for
maintenancepurposes.Thisprocedureshouldbedomeonceevery2weeks.

4.8.4 ServiceC~ation forSmallldL@I,, . Forasmallinstallation,it
maybeeconomicallyandoperationallyfeasibletohavethesameemergency
electricgeneratorsupplyboththeUPSequipmentandanyotheressential
auxiliarysystemloada.

4.8.5 ~. DOnotprovideforaddition~
batterychargingrequirementswhensizingtheemergencygenerator.TheUPSis
providedwithanautomaticcontrolwhichlimitsthebatterychargingcurrent
to3percentoftheoutputratingwhenevertheemergencygeneratoris
furnishingpowertotheUPSunitand.theUPSunitisprovidingratedload.

4.9 31ectrow3w*~cQuWm2.nce~~~~s~D~=s@3. Determinethe
. necessityfortheUPSinstallationtoconformwiththeRMIsuppression

“ requirementsofMIL-STIL461,ctr~tic InterferenceChxacerist tics*
BeamireentsforEa~f._m * UPSequipmentisnotfurnished%thEMI
suppressionprovisionswnlessthefacilityislocatedonanBMImnsitive
site.WhereFXIsuppressionisnecessaryforaspecificinstallation,all
conductorsshallbe installedinthreadedrisidsteelconduittomeetEMI
suppressionrequirements.

4.10 w~. TheGFBbatte~providedisaheavydutyindustrial
unitoftheleadcalciumtypehavin$jamampere-hourratingsufficientto
supplythedirectcurrenttotheinverterascoveredbythemanufacturer’s
installationinstructions.BatteryracksarealsoGF$.Thebatteryis
normallyfurnishedwithtwo-tierracks.Batteryracksshallbegrounded.
Seismicracksshallbeprovidedwhererequired.

4.11 RemoteAla~. TheUPSequipmentissuppliedwithaGFEremote
monitorpaneltobeinstalledintheoperatingspaceservedbytheUPSunitor “
inanothercontinuouslyoccupiedroom,suchasaguardoffice.SinceUPS
equipmentroomsareusuallyunattended,additionalremoteindicatingdevices
shallbeprovidedtomonitortheenvironmentalcontrolandfirealarmsystem
of UPSmoduleandb8tteryrooms. u

.

I

4.12 JR?SandBattervRoom.Reau~ements.TheUPSmodulesandassociated
batteryshallbeinstalledinseparaterooms.Constructionshouldbeof
permanenttype.ThewallseparatingtheUPSmoduleroomfrom&hebatteryroom
shouldbefireproof(1-hourrating).Itisrecommendedthat~wherepractical,
spacebeprovidedintheUPSmoduleandbatteryroomsfortheadditionof
futureUPSequipment.Additionaldesignrequirementsart?giveninparas.
4.12.1through4.12.4.
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4.12.1 Installation Considerations. Incorporate the UPS module and battery
manufacturer’s installation instructions for weights, dimensions, efficiency,
and required clearances in the design. Special attention should be given to
floor loading for the battery room, entrance door dimensions for installation
of UPS moduleg, snd ceiling height for clearance of necessary environmental
systems.

4.12.2 m~ . Design the battery room in
accordance with Article 480 of the “National Electrical Code”, OSHA, and ANSI
requirements. Provide emergency eyewash and shower facilities which, at
minimum, comply with OSHA snd ANSI Z35.1-81 Emergency Eyewash and Shower
Eauiument. Such facilities for emergency quick drenching of the eyes and body
shall be provided within 25 ft (7.5 m) of the work area.

I

I 4.12.3 Emerkencv Li.ehtlngRequirements. Provide emergency lighting units,

I
which meet the requirements of Federal Specification W-L-305, Light Set.
General Illumination in all UPS module and battery rooms:

4.12,4 TeleDhone Requirements. Provide a,telephone in or adjacent to the
UPS module room.

4.13 Environmental Control. Both the UPS module and batteky room shall
be provided with an environmental control system to maintain the prescribed
inside room conditions. Each environmental control system shall consist of a
primary system with.backup capability to support the uninterruptible
requirements Of the electric power system. Upon failure of the primary
system, automatic transfer to the backup system shall occur and shall sound an
alarm indicating the need for maintenance. Design of these environmental
control systems shall be in accordance with DM-3 and DM-12.1.
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Section5: H’?STALLATIOI$OFDISTRIBUTIONSYSTEM

5.1 OverheadMethod

5.1.1 !?&n&al*For~~t~il~ of cm.rheadMm design,refertoDM-4.2.

5.1.2 Utatior@,* Theuse@foverheadlinesshallbeavoidedinthe
followinglocations:

@ ~- Rm cleaxancea of overheadelectric
powemlinesfromelectronicsfac$.litles,refertoM-12.1.

~) Amkl14a-Theinstallationofoverheadltneah airfield
clearancezonesshallbeavoidedentirely.Regulationsareimposedbythe
FederalAviationAdm2ni~trationandl!?avalAixSystemsCommand.

c)~oad~ -Piersandloadingareaswhereoverheadcranes
operateahal.1beclearof aerialelectricpowerlines..

d) X@ sUi&k2M -Congestedindtmtrlalareasshallbeclear~f
aeriallines.Re~ufremeatsforammunitionstorage”areasaregivenin
~~~BK-1004/6,~. ~naddition,~VS~Op-~,~f tion

sgveab, delineatesrestrictionsconcerningoverheadline
semiceformagazinefacilities.

5.2 ~und Mew. Ifaverageconditionsprevail,underground
constructionandmaintemnce3ssnoremtpensivethanoverheadinstallation.
Applicationsshallbelimitedtocasesin whichotherfactorsbesfdes
economicsdictate.Examplesofsuchfactorshavebeenindicatedin .
para.5.1.2.

5.2.1
normallyI

I traffic,
I 5*2.2

* Undergroundelectricpowerdistributionsystemsare
moreresistanttodamagefromsevereatmosphericdisturbances,
andsimpleformsofsabotagethanoverheadsystems.

~~. Growthisa factorofextremeimportanceinthe
designofundergroundelectricpowersystems.Sparecapac&tY,aawellas
provisionsforthefuturecrossingofroadvays,runways,andtaxiwaya,shall

, beincludedh thedesign.RefertoMIL-HDBlG1004/2,lowerDistribution
, Svste~,fordetailsofundergroundconstructiondes@nandcriteriafor

selectionof draw-inordirect-burialsystems.

4

.
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Section 6:

6.1 ~.

?’fIL-HDBK-loo411

LEVELS OF DISTRIBUTION VOLTAGE

Distribution systems that have a medium voltage
level of 2.4 to 35 kV are covered in this section except, that for 4,16 kV and
below 400 Hz distribution systems, the criteria appears in DM–4.05. Systems
in the utilization voltage level of 600 V and below are covered in
MIL-HDBK-1004/4; Electrical Utilization Svstems. Generally, the majority of
systems supplying primary distribution voltages at naval activities are of the
15 kV clase or less. However, voltages above 15 kt may be encountered as
utility voltage supplying naval installations or as distribution voltages. In
each case of distribution design, evaluate the cost of Individual distribution
components and energy losses, and adopt the most economical voltage level from
an overall point of view.

6.2 ~. Electrical power may be generated at the site or
purchased.

6.2.1 Power Generated at Site. Criteria for electric power generated at
the site is contained in DM-3.

6.2.2 Purchased Energy. Where purchased electrical power is used, adopt
the most economical voltage, taking into cons.fderationtransformers,
switch~ear, control equipment, and energy losses.

.5.2.2.1 2.400 V Svstem, Use a 2,400 V.system where total capacity doee not
exceed5,000 kVA, but only when utility company service ia at that voltage,
and where a predominantly motor load includes motors rated at 200 hp or more.
Where such motor conditions exist, use direct connection to motor starting
equipment.

6.2.2.2 4 1~. Use a 4,160 V system for maximum demande not
exceeding 7,500 kVA, but only when a utility company delivers electric power
at that voltage level. Switchgear and cable at 4,160 V will give a more
economical installation than one at 2,400 V. For loads including motors of
250 hp and over, and for groups .ofmotors up to 7,000 kVA, the 4,160 V systcm
maY be more economical than any other voltage level.

6.2.2.3 6.900 V System. Use 6,900 V system only where the utility company
delivers energy at this level or there are other special considerations.

6.2.2.6 12,000 V to 13.800 V Svstems.
used for demands of 7,5oo kVA and over.

6.2.2.5 15.000 v to 34.500 V Svstems.
used for demands of 20,000 kVA and over,
involved are considerable.

These systems can be economically

These systems can be economically
especially when the distances
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Section7: GROUNDINGOF’DISTRIBUTION‘SYSTEMS

7.1 QxB?ralReau~. Distributionsystemsusingequipmentwithlow
impulsestrength(forexample,undergroundcables~dry-typetransformers,and
rotat$ngeqmipment)shallbeeffectivelygroundedtoavoidsurgevoltages.
Eachintllvidua,lsectionofacircwitshallbegroundedonlyonce,atthe
sourceside.Thisactionhel~atocontrolgroundfaultcurrentsandto
facilitategroundfaultrelaying.Detaileddiscussionsofdistributionsystem
groundingarecoveredinAX?SI/IEBEStandard142-1982: Recommenedd
practiceforcro~ andC~ poerSvst=w ,andANS1/IKB3
Standard241-1986: ecqded ractice ctricalow~

for~

7.2 M.UIAQM.Thetype and characteristicsofagroundingdeviceshall
limitthemaximumline-to-groundfaultcurrenttothevalueofthethree-phase
fault.Selectagroundconnectionfromthetypes&iveninparaa.7.2.1
thrOtl&k7.2.3.

7.2:X mAumWWL Thesolidgroundingsystemshallbeusedfor
automaticclearingofgroundfaults.Uaeonlyonsecondarysystemsorwhere
irspedanceoftransformersisincludedinthezerosequencecurrentpath.This
connectionshallbeavoidedforgroundingofgeneratorswherethezero
sequenceorgroundfaultcurrentatthegeneratorterminalswillexceedthe
three-phasefaultcurrentforwhichthegeneratorisbraced.Foradditional
guidanceonrecommendedpracticesandrestrictionsh applyingthissystem
groundingconnection,referto ANSI/IEEllStandard141-1986.

7.2.2 ~e$~etanceGrUXNWU!o * Theresistancegroundingsystemisapplicable
for:

a) automaticClearanceofgroundfINIlt8,

b) limitinggroundfaultcurrentstosafevalues,and

c)’reducingmechanicalstressascausedbygroundfaultcurrents.

Thistypeofconnectionmaybeusedonwye-connectedgeneratorsand
transformers.Foradditionalguidanceonrecommendedpracticesand
restrictionsin applyingthis systemgroundingconnection,refertoJU?SUIEEE
Standard141-1986.

7.2.3 i@a~t~~c@cro~dti . Thereactancegroundingsystemisapplicable
to:

a) groundinggeneratorsystemsand #
r

b) automaticclearingofgroundfaults.

Whenconsideringthistypeofgrounding,rememberthat~heavailable
ground-faultcurrentshouldhaveavalueofatleast2Spercentofthe
three-phasefaultcurrentinordertolimitthetransientovervoltageduring
theclearingofgroundfaults.Foradditionalguidanceonrecommended
practicesandrestrictionsinapplyingthissystemgroundingconnection,refer
toANSI/IEEEStandard141-1986.
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Section 8: SELECTION OF DISTRIBUTION SYSTEMS

I
I

8.1 Selection Factors. In selecting the distribution system, the
designer must consider load requirements, permissible voltage regulation,
reliability, flexibility, and life cycle cost.

8.2 Systems Available. The various systems recommended for use are for
medium-voltage distribution systems
in paras. 8.2.1 through 8.2.11.

, unless noted otherwise, and are degcribed

8.2.1 ~. The conventional
simple-radial distribution system (see Figure 5) requiraa minimum transformer
capacity, because it takes advantage of the total diversity among loads and
requires less space. The main disadvantages are low flexibility, poor voltage
regulation, and not much reliability because a simple fault in the main bus
may shut off service completely. Cable cost and energy losses are high. The
system should ordinarily be limited to 1,000 kVA of maximum demand and to a
low-voltage distribution system.

I

I
I

8.2.2 ~. The modem simple-radial
distribution system (see Figure 6) can be used for capacities in sxcess of
1,000 kVA. The length of low-voltage feeders is kept to a minimum, reducing
cable cost and energy losses. Size each transformer to handle the peak load
of the area served. The main inconvenienceof this system is that a fault in
the primary circuit can shut off service to all transformers.

8.2.3” Modified Modern SimDle-Radial Distribution Svstem. The modified
modem simple-radial distribution system (see Figure 7) provides all the
advantages of the modern.simple-radial.type, but includes.important
improvements in reliability. The initial cost, however, is higher.

8.2.4 LOOP Primarv-Radial Distribution TVDe. The loop primary-radial
distribution system (see Figure 8) has the same characteristics as the modem
simple-radial distribution type, but in addition provides a quicker
restoration of service in the event of primary feeder or transformer failure.
Advantages are lower installation costs and energy losses than those of any of
the distribution systems previously discussed.

8.2.5 Banked Secondarv-Radial Distribution Svstem. The banked
secondary-radial distribution system (see Figure 9) provides quick restoration
of service for the whole system after primary cable fault or transformer
failure. The secondary looP provides an emergency supply to affected areas,
equalizes loads on all transformers, permits taking advantage of diversity
among loada gaining transformers capacity, and allows large motors to start
across the line. In general, the secondary loop provides greater flexibility,
high efficiency, and good voltage regulation. Short circuit contribution from
all transformers connected in parallel within the system should be taken into
consideration.

8.2.6 Primary Selective-Radial Distribution System. The primary
selective-radialdistribution system (ace Figure 10) differs from the modem
simple-radial distribution type in that it uses two or more primary feeders

42

Downloaded from http://www.everyspec.com



I .

MIL-EDBK-1004/l

IXS.TR16UTIONBOARD
\

TnJ-T
RCUITSLOADC r

)$

—

!

[

TRANSFORMER

I

I

.

7 CIRCUIT

vFEEDER

4x LOADUNITS
,

ConventionalSimple-RadialDistributionSystem

43

Downloaded from http://www.everyspec.com



MIL-BDBK-1OO4I1

SOSUuRpCpELfF

\TRANSFORMER

LOACI CIRCUITS

J_

/

MAIN BREAKER

L’\
LOAO CENTER

ii

Figure 6
Modern Simple-RadialDistribution System

44

Downloaded from http://www.everyspec.com



MTT.–unltW-l ft”fitl/ 1

I

.

.**”—---- *“- ., -

TRANSFORMER

\

.; r

I~pl
LOAO CIRCLJ1TS 1

SOSUuRpX#vMAINBREAKER

LOADCENTER

.

& A~14A G s

ModifiedModernSimple-RadialDistributionSystem

45

Downloaded from http://www.everyspec.com



“’P, ,,.,,.7, .,. ,.. ,.

S OSUURPCPEL$F

T

CIRCUIT BREAKER

\\ \>:[ 7;!7

LOAD CIRCUITS \

‘k””

LOOP
DISCONNECT

+<

p;;::, *>=

L__IY

f

r.eu. c o

Loop Primary-RadialDistribution System

46

Downloaded from http://www.everyspec.com



SOSUU?$XW

— I

-w&-+

MIL-3DBK-loo4/l

4

,

Figure9
BankedSecondary-RadialDistributionSystem

x
SECONDARYTIES

— I

LUG

\

+--

TRANSFORMER
LOO?
PRIMARY
FEEDER d

*

Downloaded from http://www.everyspec.com



w,, –“nr, ” 1 -n. /1. .. J.-., ”Dm-L””-+, .

S OSUuRpC$&F

CIRCUIT
BREAKER

):

TRANSFORMER

LOAD CENTER

!!I!I?!.
.. . . . . . . , Ar,~ure .“

Primary Selective–RadialDistribution System

48

Downloaded from http://www.everyspec.com



I

insteadof
Ioad.The

MIL-HDBK-1OO41I

one,andprovideseachfeederwithertough”capacitytocarryallthe
extrainvestment(thatis,providi~foralternateprimaryfeeders

andselectorswitches)iscompensatedbythequickrestorationofsefiicein
theeventofprimaryfeederfailure.

8.2.7 SecndarvSelectio ve-RadialIlubution$vsteq● Thesecondary
selective-radialdistributionsystem(seeFigure11)carriesduplicatefeeders
uptothesecondarybusoftheloadcenters~thwscompensati~for’anyfault
ormalfunctioninprimaryfeedersortransformers.Acommonconfigurat~on
involvespafraofunitsubstationsconnectedthroughanorudlyopensecondary
tiecircuitbreaker.Iftheprimaryfeederoratransformerfails,themain
secondarycircuitbreakerontheaffectedtransfcwmeris openedandthetfe
cirucitbreakerclosed.09erationmaybemanualorautomatic.Hormallythe
stationsoperateasradial.systems.Withthelossofoneprimarycircuitor
transformer,thetotalawbstationloadmaybesuppliedbyonefeederandome
transformer.Toallowforthisconditionone(aracombination)ofthe
followingalternativesareapplicable:

a):Oversizingtheprimaryfeedersandbothtransformerssothatone
transformer-cancarrythetotalload.

b) Oversizingtheprimaryfeedersandprovidingforced-aircooling
tothetransformerinservicefor the emergencyperiod.

c) Sheddingnonessentialloadforemergencyperiod.
.

d) Oversizingtheprimaryfeedersandusi~thetemporaryoverload
capacityinthetransformerandacceptingthelossoftransformerlife.

DM4.2reds:‘...Bachtransformeranditsassociatedequipmentshallbe
capableofcarryingtheessentialloadsofbothaectioms.Insizingthe
transformers,takeintoconsiderationallowableoverloading....“

8.2.8 SimRleNetworkDistributionsYstqgl . Asimplenetworkdistribution
system(seeFigure12)mustbeusedforhigh-density,heavy,concentrated
loads.Themainadvantagesofnetworkdistributionsystemsarecontinuityof
serviceunderanykindoffaultinthesystem,automaticclearingoffaults?
flexibilityandadaptabilityforshiftingloads,andgoodvoltage
characteristics.

8.2.8.1YetworkProtector. The networkprotectorsuppliesforwardpower
intothenetwork,avoidsanyfeedbackintokhepr~maryline,andclearsany
faultautomatically.

8.2.8.2Mmitt~o~● Themainobjectiontotheuseofnetworksystemsisthe
initialcostin~olved.Also,whensecondarytiesextc!ndconsiderable
distances,theprobabilityoffaultsoccurringisgreater.

8.2.8.3 SecondarvLoons.Thepurposeandadvantagesofthesecondaryloop
arethesameasthoseforthebankedsecondary-radialdistributiontype(para.
8.2.5).Thenumberofindividualcablesetsconnecti~loadcenterswill
determinethereliabilityofthesystem.Installlimi.erlugsofthecable
sizeusedatbothendsofanysecondarrties.Thesizeoftiesshallbeto
supplyalltheloadofanyloadcenterfromonesecondarytie.
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8.2.9 Simple Spot-Network Distribution System. The simple spot–network
distribution system (see Figure 13) should be used for installations that have
heavy loads concentrated in small areas and considerable distances between
such loads. This system has the inherent advantages of any network system.
The system is limited, however, because it is not provided with secondary
loops (refer to para. 8.2.8.3 for additional information).

8.2.10 l.rimarvSelective Network Distribution Svstem. The primary
selectivs distrlbutian system (see Figure 14) should be used for industrial
applications in which haavy loads are evenly distributed. Each of the primary
feeders shall be capable of carrying the entire load. The primary selective
network distribution system provides continuity of service in the event of one
primary feeder or transformer failure.

8.2.11 Primaw Selettive Spot–Network Distribution Svstem. The primary
selective spot-network distribution system (see Figure 15) providea the most
reliable form of electric power distribution. In the event of a primary
feeder failure, the transformers connected to the unfaulted primary feeder can
carry all the ioad for the short period of time that it takes
other transformers to the unfaulted feeder. Each transformer
the total capacity of the load center.

to transfer the
need not have
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