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This military handbook has been developed from an extensive evaluation of
facilities in che shore establishment, from surveys of ~he avai.labi3.ityof EWJ
materials and construccj.onmethods, and from selection of the best design
practices of the Naval Facilities Engineering Command (NAVFACENGCC?M),ocher
Government a~encies and the pr%vate sector. This handbook was prepared usin~,
to the maximum extent feasible, national professional sociecy, association,
and inseftute standards. l)evi.ath’usfrom this cr%taria, in the plannicg,
engineering,,design and ccnxstruccionof naval shore facilities, cannot be mnde
without prior approval of NIVFACEKGCOH Code 04,

*

Design cannot remain static any more than the functions it serves or the
technologies it uses. Accordingly, recammndations for improvement are.
encouraged and should be furnished to Commanding Officer, Naval Facilities
Engineering Command, Chesapeake Division, Code 406, Washington Xavy Yard,
Washington, DC 20374; t~lephona (202) 433-3314.

THIS HANDBOOK SHALL NOT BE ‘USEDAS A REFERENCE DOC!.M3M”FOR I?ROCUN?XENTOF
FACILITIES CONSTRUCTION. IT IS TO BE USED IN THE PURCHASE OF’FACILITIES
ENIN3ER1NG STUDIES AM) DESIGN (FINAL FLMTS, SPECIFICATIONS,AND COST
Es’m%4TEs). DO NOT REFERENCE IT IN MILITARY OR,FEDERAL SPECIFICATIONS OR

‘a
OTHER PROCUWWWI’ M?CW4E2WS.
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9 2,&.2 Travel$rm Vaves.
waves that may occur on the
procedures are described in

2.4.2.1 SurP.c?MxMkmm2.
locations on the system.

and switching surges.

Determine che m.gn%cudes and shapes of
system as a result of a sur~e impulse.
paras. 2.4.2.1 through 2,4,2.5 of this

9

Downloaded from http://www.everyspec.com



MIL-HDBK-loo4/3

Change 1, 30 December 1991

2,4.3 EQuiPment Selection. Select equipment with respect to the

advantages and limitations of the different types that may be used co protect

the system from surges The characteristics of the selected equipment IIIUSt he

related to protective level, tolerances, operating life, and effects on sy. ce.1)1

relaying and fuses

2 ,4.3.1 Arresters. Arresters are the preferred method of surge protecciou

(Refer to MIL-HDBK-1004/2, Power Distribution System., for characteristics and

applications of arresters )

2 .4.3.2 &=. Characteristics of rod and sphere types of protective gaps

are that they: .

a) not be capable of interrupting power flow current ,

b) are relatively large ,
.

c) are affected by surrounding bodies and weather , and

d) have large tolerance in withstand-time curve.

2.4.4 Coordination. The insulation level of the protective equip lnenc lmust.

be coordinated with the insulation level of the system equipment Refer Lo

IEEE 142 and perform the following:

a) Protective Voltage Level Establish a protective voltage level

to correlate with the system voltage level at which protective equipmen~ (s., cb

as surge arresters) is expected to operate. ●

b) Level of Insulation of Svstem, Determine the level of

insulation of the system equipment

c) Atmospheric Conditions. Check the effect of atmospheric

conditions on the flashover characteristics of the equipment insulation

d) Arrester Separation. Determine the effect of arrester

separation from the equipment to be protected. This separation shall b2 kepu

to a minimum.

e) Volt-Time Withstand Characteristics. Compare volt- time

withstand characteristics of the system equipment insulation with the vole -

time withstand characteristics of the protective equipment.

f) Margin Between Levels Determine the margin between the

protective voltage levels and equipment withstand voltage

10
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Section 3: LOW-VOLTAGE SWIT(XKEAR AND DISTRIBUTION EQUIPMENT

3.1 Circuic-interruotixw?Devices. Specify low-voltage equipment to r.eet
atmospheric conditions or climatic requirements.

3.1.1 Circuit Breakers. Circuit breakers are preferred since they cannot
single phase, do no require fuse replacement, and are more difficulc to Eodify
far carrying currents greater than originally intended. Ci.rcuicbreakers
rather than fusible switches shall be used for circuit protection, excepa for
special applications, such as cxitical technical load pamelboards (refer to
MIL-HD13K-10@%/l). h the selection of circuit breakers, refer to paras.

4 3.1.1.1 through 3.1.1.5.

3.1,1.1 Valtafle Ratin~. Determine che maximum operating voltage ac which
. the breaker will be used.

3.1.1.2 l?re~uemcy. Determine che breaker rating at the frequency to which
it will be applied. Standard frequency is 60 Hz. When used for other
frequencies, such as 50 or 400 Hz., the manufacturer shall be consulced for n
deracing factar. Most manufacturers do not derace when frequencies are at 51!
Hz.

3.1.1.3

a

Gantim.mus Current. Compute the maximum continuous current flow
through the breaker for normal and contingency conditions. Also consider
provisions for future load growth, where required.

3.1.1.4 IntelnnJmtinEDutv. A complete fault +mdys$s may be necessary tm
select the proper circuit breaker interrupting duty under normal and
contingency conditions. Use criceria in IEEE 242, Recommended Practice‘for
Frocection and Coardinat%an of Industrial and ConiiercialPower Svsters, and
IEEE 141. In cases wht?rethare is less than 25-percent moror load, fault
current calculations by the si~pllficd ~raphic mtlmd (refer co Appendix A]
are sufficiently accurate. Determine if provisions for future system desi~u
will affect the interrupting duty of the circuit ‘breakers. cascading is no:

@

mounting in panelbeards and switchboards. Derate thermal tripping se’tt?ing,

11
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depending on ambient temperature (refer to NEMA AB-1 , Molded Case Circuit

Breakers, and National Fire Protection Association (NFPA) , NFPA- 70, Narional

Electrical Codel,

b) InteErallv Fused Molded-Case Circuit Breakers Integrally fLlscc1.

molded-case circuit breakers shall be used to protect small loads connected co

systems with high available short-circuit currents Various currenc- limiting

fuses are available

c) Power Circuit Breakers Power circuit breakers shall be Llsed in

accordance with IEEE 242. For low-voltage AC power circuit breakers LIseci in

enclosures, refer to the application guide in IEEE C37. 13, Low- Vol. caee AC

Power Circuit Breakers Used in Enclosures

d) Current -Limiting Circuit Breakers Current-limiting ciucuic

breakers are used in lieu of current-limiting fuses only where econotmi. czlly

feasible. Current-limiting circuit breakers are defined in Unde~-w!-itel-s

Laboratories, Inc. , (UL) , UL 489, Molded-Case Circuit Breakers and Circuit

Breaker Enclosures

e) Insulated-Case Circuit Breakers Insulated-case circuit break cl-s

shall be used to the maximum extent feasible in lieu of (more expensive open-

type air circuit breaker~. Insulated-case circuit breakers shall conform :.o

NAVFACENGCOM Guide Specification (NFGS) NFGS-16335 , Transformers Substac. io(!s

and Switch~ear Exterior; NFGS-16462 , Pad-Mounted Transformers (75 kb’A LO 500

~; NFC3-16465, Interior Substations; or NFGS- 16475, Interior Switch Kear al?d

Switchboards Low-Voltage, as applicable.

3. 1.2 Switches Generally, use. switches only where necessary for

isoiation purposes, Switches for Heating, Ventilating, and AiL--Co!?di ti.u[?i]?fi

(HVAC) systems must be installed in conformance with NFPA-70.

3. 1.2.1 Enclosures Select enclosures of electrical equipment acc Orcling to

NEMA-type designations to ensure safe and reliable operation for che

applicable external conditions (refer to NEPIA ISC6 Series , insures t“or

Industrial Controls and Svstems)

3 .1.2.2 Switch DuUJ, Switch equipment duty is defined by NE!W KS- L

Enclosed Switches Use general-duty equipment fol- nonessential applicariomc

and where equipment is subject to infrequent operation General duty

equipment is intended for use on circuits of 240 V or less ; therefore heavy

duty equipment is required for higher voltages Use heavy-duty equipment for

industrial application where reliability and continuity of service are p~-im,?

factors and where equipment is subject to frequent operation. It is intencied

for use on circuits of 600 V or less and where available fault current of !mor?

than 10,000 amperes are likely to be encountered.

3.1.2.3 ~. To determine ratings , follow the basic procedure outlinecl

for circuit breakers in para. 3.1.1, Motor disconnect switches shall have aII

12
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ampere racing of ac least 115 percent of the full-load current rating of the
motor to meet the requirements of NFFA-70; however, 125-percent capacity is
not considered excessive.

3.1.2.4 Fusible Switches. Fusible switches combine isolation with
protection of a particular component of the circuic.

3.1.2.5 SelectIon. Specify a switch of the appropriate rating and enclosurt
(refer to NFPA-70 and NEMAIW-1) and selecc from the following:

a) Safety (disconnect) switches can be fused or nonfused units
* operable up to 600 volts and 1,2,00amperes of maximum continuous current and

are normally used for motor isolation or protection.

.
b) Other switches such as heavy-duty switches operable up to 600

volts and 1,200 amperes of con&inuous current and load-break pressure switches
I

operable up to 600-volts and 5,000 amperes of continuous current shall only bo
used for application where circuit breakers are nor appropriate.

3.1,2.6 Transfer Switches, Automatic transfer (and bypass/isolation]
switches shall conform to NFGS-16262, Aucomcic Transfer (and
Bmass/Isolat%onl Switches.

*
3.1.3 Fuses, Generally fuses will be used only when required to provide
adequate interrupting duty for shore-ci.rcuitconditions,

3.1.3,1 $atin~,. Determine the racing of fuses based on voltage, currenc-
carrying capaciey, and incerrupcing requirements. Take into consideration
motor-starting and other forms of inrush current.

3.1.3.2 Coordination. ‘Fusesshall be coordinated with all other circuit
protective!equipment that operates in series with them in the system. use tlw
time-current curves of devices.

3.1.3.3 Selection. Specify a set of fuses of the calculated rating; select
fuses from Table 4. The 10,000-ampere interrupting capacity shall only be
used for critical technical-load panelboards where circuitibreakers are noc
permitted. Higher interrupting capacities are usually used in conjunction
with circuit breakers.

3.1.4
provide

Protection. Protection devices shall be selectively coordinated co
❑aximum system reliability.

Seni.ce-Entrance Protection. Service-entrance protection shall
of a nonautomatic load interrupter with a currenc limiter for service:;

3.1.4.1
consist
with ‘highavailable short-circuit currents.

I
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3.1,4,2 Network Protectors Use network protectors co prevent damage in

Inetwork transformers Specify associated reverse-current relays which are

sufficiently sensitive to trip the main breaker upon loss of cr,ansformsl:

magnetizing current (refer to NE~ SG-3 , Low- Volta~e Power Circuit Breakers

and Section 4 of this handbook)

Table 4

Fuse Selection

Maximum

Type continuous current Interrupting capacity

amperes amperes

Single element. 600 10,000

Dual element :

Low interrupting

capacity . . . . . . . . . 600 10>000

High interrupting

capacity . . . . . . . . . 600 100,000

Current limiting. 600 200,000

Curr-ent limiting. 6,000 200,000

3. 1.4.3 Low- Volta~e Ground-Fault Protection. NFPA-70 requires grOL,,nd - f“a.d [

protection at the service disconnecting means for circuits rated 1,000 ampe,-cs

or more and for circuits having a voltage-to-ground in excess of 150 volts

Where such protection is required, current transformers connected in resi dual

or a zero sequence current transformer shall be applied as shown in Figure 1

The use of a single current transformer on the grounding electrode conductor

is not acceptable because grounding of the service transfol-mer pl-ovides z

second point of ground-fault current which is not sensed when this sysre. m is

used.

3 ,1.4.4 Surge Protection. Provide arresters and metal-oxide varistors as

required by the equipment being protected (refer co MI L- HDBK. 1004/2 and PIIL -

HDBK-419 , Grounding, BondinE, and Shieldinv for Electronic P.quipments :+,,,)

Facilities)

3,2 Grouued Devices

branch-circuit panelboards

for normal load growth

Switchboards , power distribution panelboal-ds , t?n[l

are included and shall be provided spare capac icy

3 .2.1 Switchboards Place switchboards as close as possible to LIIC cetl;.et

I of the load to be served. Select utility areas and avoid locations near lheac -

dissipating equipment.

I
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3.2.1.1 Clearances. Follow the procedure outlined for indoor unit
substations in MIL-HDBK-1004/2 and NFPA-70.

3.2.X.2 SDare 6avac5.ty. Provide 25-percent additional spare empty
compartments for future circuit-interruptingdevices, only where the nature of
the project indicates the necessity, and 25-percent spare bus capacicy.

3.2.2 ~ower Distribution Panelboards. In general, panelboards serving
three-phase motors and power equipment shall be of the circuit breaker type.

3.2.2.1 Mounting, Use wall-mounted panelboards where possible; otherwise,
adopt a freestanding type.

*, 3.2.2.2 Location. Place the power and distribution panelboard as near as
possible to the center of the load.

I
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3.2.2.3 Limitations, In establishing design limitations, cons,iderthe
maximum height of the upper breaker, che maximum number of breakers in one
panelboard,,the maximum capacity of the lUSS, and the maximum capacity of chc
maims. Normally, panelbcwmds with more than cwo lugs per phase shall not be
used. LJ%eremare than 1,200-ampere mains are used, switchboard construction
shall be prov%ded.

3.2.2..4 S~are Carmcity. A spare bus capacity of 25-percent shall,be
provided, 20-percenc spare circuit breakers, and S-percent spare empty spaces
as a minimum.

3.2.3 Branch-Circuit Panelbcxmds. Branch protective devices in
panelboards shall be circuit breakers unless fuses are required because of
available fault currents or limitations on critical load outage times.
Consider the difficulty of stocking fuses at remote imstdhtiom.

3.2.3.X Location. Panelboards shall be located as near as possible to the
center of the load. For panelbaards serving one type of load, sacrifice ease
of accessibility when large-scale economy of branch circuits is possible.
However, do not provide an installationwhich would necessteace a
reconnaissancemission co Iocace the pmelboard.

3.2.3.2 .MainCircuit Breaker. Main circuit breakers shall be used for
isobrion purposes and for short-circuit protection [refer to NFPA-70). %ii;
circuic breakers must be UL listed as su$,tablefor service-entranceuse.

3.2.3.3 Limitations. Limitaci.orwshall be the same as those for power
distribution panelboards,

3.2.3.4 Sm3re Cmtacf.cx. The spare capacity shall be the same as that for
power distribution pmelboards.

3.3 W.ISWWS. Busways shall be used co carry large current loads through
nhimm physical space and for system flexibility (xefer to NENA BV-1,
Busuavs, and UL $57, Electric Buswa s and~} .

3.3.1 Racimy. The ratings of busways shall be used on rwxim.m current
under normal and contingency conditions.

3.3.2 Q!M. Determine maximum symmtricd short-circuit current available
at the connecting point of the bus duct. Specify bracing to wichscand
zechamical stresses produced by such current.

3.3.3 llolta~eIlrom. Voltage drops shall not exceed ~he limits imposed by
XFPA-70.

3.3.4 selection
3.3.4.1 Feeder Buswav. Feeder busways shall be used to supply hmvy :OSCIS
to panelboards, with minimum losses and voltage clmps. ~~@Cify b3W-i~FQd3Mt’
bw.wys,

17
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3.3 .4.2 Hi,eh - Imuedance BuswaY. High-impedance busways can be used to .. CIUC?.

short-circuit duty of switchboard equipment connected at the busway load end

but such use is not recommended because of energy losses ; current-limiting

fuses or circuit breakers with higher interrupting duties shall be used

instead,

3.3.4.3 PIuE- In Busway. Plug-in busways shall be used for multiple cappin~

and for system flexibility.

3.3.4.4 High- Freauencv Buswav. High-frequency busways shall be used where

the system frequency is 180 Hz and above

3.3.4.5 Trolley Duct Trolley ducts shall be used for supply of overhead

cranes, hoists, and moving loads in general and for industrial lighting.

3.4 Svstem Corrective Equipment. System corrective equipment includes

voltage regulators and capacitors This equipment shall comply with the

criteria in paras. 3 .4.1 and 3.4.20.

3.4.1 V-age Regulation. Voltage regulators shall be used to maintain a

constant load voltage from the available source or a constant utilization

voltage with a variable load on a weak source of supply (refer to ANSI C57

Series, Transformers) The regulator kVA can be calculated by multiplying L17c.

line current by the rated range of regulation in kilOvOlts Or by l~lulCiPIYiL1g

the line current times the line kilovolts times the per unit regulation

(percent regulation in decimal equivalent) When using single-phase

regulators to serve three-phase loads , provide regulators connected in a

grounded wye , ungrounded delta, or ungrounded open-delta configuration.

3,4.2 Power Factor. Capacitors shall be used to correct the low power

factor, An overall load power factor of not less than 90 percent shall be

achieved. when power factor correction capacitors ‘r,ave been installed and the

calculated power factor exceeds 95 percent , switched capacitor banks shall be

used CO prevent overvoltage during off -peak hours Capacitors on inclL, cti., e

loads shall be provided as near to the loads as is practical Capacitors [ox

large inductive loads shall be switches that are simultaneous with the luacl

Install capacitors close to the loads to reduce reactive current thrOugh

feeders , improve voltage regulation, and reduce losses (refer to ~?~

Handbook for Electrical Eneineers , Donald G Fink and H. Wayne Beaty ,

subsection entitled Power Distribution and subsection entitled Application of

Capacitors)

3.5 Current-Converting EauiDment. If rectifiers are to be used,

determine the rectifier duty and select from the types described in paras

3. 5.1 through 3.5.4.

3.5.1 Silicon-Controlled Rectifiers Silicon-Controlled Rectifiers (SCRS)

or thyristors shall be used where high efficiency and accurate voltage contlc~l

are required. This type is suitable for practically all load ranges

18
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Section !5: ELECTRONIC POWER MONITORING SYSTEM AND SUPERVISORY CONTROL
AND DATA ACQVISITIO?J(SCADA) SYSTEM

5.1 Introduction. Power monitoring systems are used to monitor
electrical distribution systems or portions of distribu~ion systems. Power
monitoring is done by installing individual meters such as ammeter, voltmeter,
watt-hour meter, etc., on the.desired electrical metering points or on the
power equipment being monitored. Stat@-of-the-artelectronic power monitors
have multiple metering and status moni?mring functions which replaces the need
of installing individual meters and monitors. Use power monitors instead of
individual meters as standard power metering devices. The power monitors can

~ be fully interfaced with a computer. When monitors axe interfaced with a
computar equipped with a power moni.toxingsofcwtarehistorical, -aswell as
instant information of che status of the power distribution system can be
obtained.at operator request.

A Supew3sory Control and Data Acquisition (SCADA) system is a full?:
centralized system which is used for supervisory control of protective and
switching devices, including generator operation, as well as providing POWeX
monitoring system functions.

The power monitoring system,and the SCADA system described in this
section relate to 15 WI medium and 600 V low voltage power systems.

o

M th
systems are microprocessor based.

5.2 Power kfonitorin~Systems. Power monitoring systems are used for
metering and power device/system status monitoring purposes as described in
paragraph 5.2.1.

5.2.1 Monitorin~ Functions. Generally, a power mmicor is capable of
monitoring a

a)
b)
c)
d)
e)
f)

0)

P)
q)
r)

part or all of the following:

Phase currents
Lime-to-lime voltages
Line-to-neutnralvoltages
3-phase real power
3-phase reactive power
Average demand real power
Peak demand power
Predicted demand real power
Average demand currents
Peak demand current
power accumulated
Reactive power accumulated
Power factor
Frequency
Temperature
Device operations and their trip status
Recording monitored data

4oa
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5. 2.2 Components of Power Monic.arinv Svstems Comp0nent5 of fully

centralized monitoring systems include power circuit monitors , circuit mo,nitor

display, master station with system software , communication links , system

network interface controller and line printer A master station is a

centralized display terminal (usually a personal computer terminal) capable of

interfacing with all circuit monitors through network interface
/

5 .2.3 Power Monitoring Svstem Types Power Monitoring Systems are I
categorized as one of the following types :

a) Decentralized Power Monitoring System;

b) Group Centralized Power Monitoring System; or ,
&

c) Master Centralized Power Monitoring System.

5. 2.3.1 Decentralized Power Monitoring svstem, Use a decentralized power

monitoring system to monitor a dedicated individual power device 01- a power

line , one monitor for one device IC is comprised of a power monitor

connected directly to a device to be monitored, It is the simplest type of

power monitoring system and is mainly used as a multi-metering device and/or

as a breaker trip status monitor,
1

5 .2.3,2 Grouo Centralized Power Monitoring System, The group centralized

power monitoring system is equipped with a circuit monitor capable of

monitoring multiple devices or other decentralized power monitors It is ●
comprised of a power monitor interconnected to different individual devices

including metering monitors in a loop configuration. Metering and/or circui[:

breaker trip or started status information can be obtained from the display at

the monitor or the information can be relayed to a computer terminal for

display, The computer terminal is specially useful when remote tmonitocing is

required, With the computer terminal as an option, this type of monitoring

sY$tem is suitable fOr use in a large scale integrated switch gear,

switchboards , and motor control center assemblies in a group configuration!.

5 .2.3.3 Master Centralized Power Monitoring System. For a large scale

facility monitoring, when a centralized system display terminal is del-ivecl 1o,:

monitoring purposes , a master centralized power monitoring system call be mszd

by interconnecting .E1l monitors in a facility, including decentralized and)ur

group centralized system, thus providing master monitoring at a centralized

terminal This system is recommended for a large power facility system

requiring a central monitoring of more than 60 devices

5.3 SCADA Svstem. A SCADA system is capable of power monitoring as

indicated in paragraph 5.2 and also , of operating power system devices , mainly

switching or motor starting, individually or sequentially, in automatic mode

or manually via keyboard Device operation is carried out by means of send~.h,)~,
I

electrical signals, which make the operating mechanism of the device ope~-ace

Automatic operations of selecti”e devices are performed by preprogra,m>]ecl

settings via a master station. A manual operation, though not recommel?ded , i.s

carried out by commands at the master station at an instant when a“ opez-acj.o!>

40b
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is desired. The system monitoring and controls
software/hardwarepackage included in cbe SCADA

1991

are run

system.

by a system
SCADA systems

.

are
recommended in larg,efacilities requiring critical power reliabiii~y,
facility-widepower system monitorin~ and automated power system operation.

5.3.1 Control Functions. Operating control functions may include a part

or all of the following:

@)
b)
c)

+ d)
e)

Operation of breakers and switches
Transfer swi.cch.esand/or generator start-up operations
Load-shedding ad s~quencing opemcions
Power factor correction via capacitor switching
System diagnostics

5.3.2 SCADA Svstem Components. IrIgeneral, SCADA systems are comprised o!?
the following components: circuit monitors, master station with system
software and netwark interface controller, line printer, and.system links.

5’.4 Surge Protections. Protect all equipment against power line surges
as recommended by IEEE C62.41 and against surges induced on communication
signal circuits. Protect computer equipment with surge protectors. DO not
use fuses for surge protection.

a 5.5 13ackunPower SuQnly, Provide 15 to 30 minute battery backup for
both centralized power monitoring and SCADA systems.

5.6 Svscem Ccmfimratlon. Configuration of a monitoring and control
system should be such thae future addici.onor modification will ba at a.
minimum cost. Usually, system components of various manufacturers do not
interface with one another. Make sure to design new systems incorporating
components capable of interfacing and future expansion. When expanding or
mmlifying an existing system, make sure that new components are fully
compatible with existing system components. Specify installation and
operational testing of centralized systems shall be under supervision of a

technical representative of the manufacturer supplying the monitoring or she
SCADA system.

I
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