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1. This standardization handbook has been developed by the Defense
Communications Engineering Center (OCEC) of the Defense Communications Agency
(bCA), in accordance with the Defense Standardization and Specification
Program (DSSP). .

2. This publication was approved on 8 July 1982 for printing and
inclusion in the military standardization handbook series. #

3. This volume provides information and technical guidance on the special !+
requirements and considerations for the design and construction of power
systems for Defense Conununications System (DCS) facilities.

il

4. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be .<

addressed to: Uirector, Defense Communications” Agency, ATTN: Code J110, 1860
Wiehle Avenue, Reston, VA 22090, by using the self-addressed Standardization
Oocument Improvement Proposal (DO Form 1426) appearing at the end of this
document or by letter. ●
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FOREWORD

Volumes I and II of this handbook supersede MIL-HDBK-411, dated 21 May
1971! Volume I replaces those portions of the superseded handbook which deal
with power systems for Defense Communications System (DCS) faci 1ities. Vo1ume
11 of this handbook replaces the remaining portions of the outdated handbook
which are concerned with environmental control systems for DCA communications
facilities.

2. As defined in Department of Defense Directive 5105.19, “The DCS is a
composite Of DoD-owned and leased teleconvnunications subsystems and networks
comprised of facilities, personnel, and material under the management control,
and operational direction of the DCA. It provides the long haul,
point-to-point, and switched network teleconununications needed to satisfy the
requireinents of DoD and certain other government agencies. ”

‘9 3. This part of the handbook provides technical guidance for use in the
I initial design, installation, upgrade and acceptance of power systems for

w Department of Defense (DoD) communications faci 1ities.

:

iii
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1. SCOPE

-. This handbook is to provide technical guidance for the design
and ucwrade of power facilities within the ph.vsical plant of the Oefense
Convnunlcations System (OCS). This handbook’ i; intended for use in the
engineering design and instal lation of new power systems and equipment and
also in the upgrading of existing systems and equipment.

1.2 Application. This handbook applies to government-owned and operated
power systems and equipment, government-owned and contractor-operated power
systems and equipment, and other power faci 1ities provided by 000 resources.

1.3 Objective. To provide guidance to the Military Departments and other
supporting activities of the DCS by delineating the criteria and standards for
electric power systems. This guidance is to assure DCS subsystems are
supported by a reliable, efficient, and maintainable power system.

,’-

1
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2. REFERENCED DOCUMENTS

●
2.1 Issues of documents. The fol lowing documents, of the issue in’effect on
date of invitation for bids or request for proposal,
standard to the extent specified herein.

SPECIFICATION

FEDERAL

FEO-SPEC-W-L-3050 Light Set, General
or Auxiliary).

form a part of this

11lamination (Emergency

STANDAROS

FEDERAL

FEO-STU-1 037

MILITARY

MIL-STD-188-124

MIL-STD-461B

MIL-STO-633E

{ HANOBOOKS

.

L-
Glossary of Teleconnnunication Terms

T

+

‘s
Grounding, Bonding, and Shielding for Common
Long Haul/Tactical Convnunication Systems

Electromagnetic Emission and Susceptibi”
Requirements for the Control of
Electromagnetic Interference.

Mobile Electric Power Engine Generator
Standard Family Characteristics Data Sh[

MILITARY

MIL-HOBK-419 Grounding, Bonding
Electronic Equipments and Facilities.

and Shieldina for

(Copies of specifications, standards, drawings, and publications required by
contractors in connection with specific
obtained from the procuring activity or
officer).

2.2 Other publications. The following
to the extent specified herein. Unless
effect on date of invitation for bids or request for praposal shall apply.

procurement functions should be
as directed by the contracting

documents form a part of this standard
otherwise indicated, the issue in

NFPA 70-7B National Electrical Code

2
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0 (Application for coPies should be addressed to Navy Publications and Forms
Center, 5801 Tabor Avenue, Phi 1adelphi a, PA 19120 or to the National Fire
Protection Association, 60 Batterymarch Street, Boston, MA 021 10).

OCAC 350-195-2 Exercise of Auxi 1iary Electric Power Systems.

DoD 4270.1-M Construction Criteria

(Copies of.D~A Circulars and 00D Manuals should be obtained from the procuring
activity or as directed by the contracting officer).

●’ 3
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3. DEFINITIONS

●
3.1 Definition of Terms. Definition of terms used in this handbook shall be
as’specified in FED-STD-1037.

.$-

u

●

,. 4
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4. SYSTEM DESIGN AND ENGINEERING REQUIREMENTS

4.1 Physical plant systems. Physical plants should be designed to provide
dependable, high quality, electric power to assure continuity of
communications. The quality of electric power supporting digital,
synchronous, and automated switching equipment at major convnunications
facilities should be free from power abnormalities, which cause loss of
synchronization, discontinuity of the switching function, or physical damage
to the electronic equipment. The power requirements of the convnunications and
support equipment must be known and considered during al1 phases of the
physical plant design. The four classes of electric power and station load
hierarchy are depicted in Figure 1.

4.2 Power systems. Power systems should be designed to provide the specific
power characteristics required by each Defense Conwwnications System (CXS)
facility. This involves judicious selection of the primary and auxiliary
power sources, UPS or other power conditioning equipment, secondary
substations, and the distribution system to attain the maximum overal 1 system
performance with the most cost effective design. Initiative and engineering
judgment must be exercised, considering the assigned mission in each
individual case. The information contained herein is for guidance,
assistance, and to indicate acceptable engineering practices. The guidelines
herein should be employed for new construction and modernization projects and
radical departures from these guidelines will be the subject for discussion
with the cognizant Military Department Engineering Off ice. There are a
considerable number of voltage and phase arrangements in use in OCS faci 1ities
to fulfill currently-installed electronic equipment demands. Facilities
required to use host country power having nonstandard frequency and voltage
must be specially engineered to meet electronic equipment requirements. Al1
designs. and upgrade of OCS power systems which require auxi 1iary power
generating sources, such as diesel generators, should consider and, if
possible, use the 00D Standard Family of Mobile Electric Power Generating
Sources defined in the current edition of MIL-STO-633. Al1 power and 1ighting
systems supporting the DCS’should be designed to meet the requirements of the
National Electrical Code.

4.2.1 System design considerations. In planning and engineering of
Government-owned power systems, the following must be considered: simplicity,
reliability, flexibility, operability, maintainability, quality, cost
effectiveness, synchronization, location, protection and safety, contingency
planning, status indicators, types of sources, power conditioning, UPS,
electromagnetic compatibi 1ity, survivabil ity, recoverabi 1i,ty,and environment.

4.2.1.1 Simplicity. The power system should be of uncomplicated design,
consistent with established requirements and assigned mission. Complex
Circuitrv and switchino schemes should be avoided. Distribution circuits and
system components shou~d be protected by positive-acting
capable of selective coordination throughout the primary
secondary power and 1ighting system.

protective devices
distribution and

5
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FIGURE 1. Station load hierarchy and classes of power.
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4.2.1.2 Reliability. The primary power source and distribution system should
be engineered and designed to provide optimum reliabi1ity at the lowest
overall cost, considering initial installation, maintenance, and operation.
Reliable power systems usually require auxiliary power supplies which will
include emergency generators and UPS. The amount and class of auxiliary power
required at faci 1ities is determined by the degree of rel iabili,tydictated by
strategic and operational considerations.

4.2.1.3 Flexibility. The system should be capable of providing and
distribut~ng the present load and be readily reconfigured to accormnodate
anticipated mission activity and improvements. Operational flexibility
requires alternate sources, feeders, buses, switching arrangements, and
testing arrangements.

4.2.1.4 ~erabilit~. Complex operating schemes should be avoided. Switching
operations may be either manual or automatic, and be as simple as possible.
Positive checks to reduce the possibility of error to a minimum should be
included.

4.2.1.5 Maintainability. The power system and internal distribution systems
should be designed to enable any facility to remain in service during
de-energization of selected system components for maintenance, testing, and
replacement of parts. Failure of any one major component (transformers, prime
power source, auxiliary power source, or secondary switchgear) of the power
system should not cause the faci 1ity to become non-operational. Strategical ly
placed test points should be included to enhance troubleshooting and problem
isolation.

4.2.1.6 Quality. The primary and secondary system delivering power to
voltage and frequency sensitive electronic equipment should be engineered and
designed to provide the quality of power required as indicated herein.
Auxi 1iary equipment, such as air conditioning, ventilating systems, and pumps
are inherent transient-creating sources, during starting conditions. These
equipments should, therefore, be electrical lY isolated from electronic
equipment to the degree required to prevent their operation from adversely
affecti ng the communications-electronics (C-E) equipment operation. In no
case should the transient producing motor driven equipment be served from the
same distribution panel as sensitive C-E equipment. Current technological
trends in C-E equipment requires an increase in the quality and decrease in
quantity of electric power.

4.2.1.7 Cost effectiveness. Design factors should be applied so as to result
in a power system of optimum cost and maximum operating efficiency.

4.2.1.8 Synchronization with primary power. Capabi 1ity of synchronizing
auxiliary power plants with primary power to permit assumption of technical
load by an auxi 1iary power plant’or to return from auxi1iary power to primary
power after a power failure, without interruption of power, is a requirement
for DCS facilities. As a minimum, the synchronizing and transfer system
should be manually activated, whi le the preferred method would operate
automat ically after a predetermined and adjustable time following the return

7
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of primary power. Where a synchronizing agreement cannot be obtained with a
power company, special switching should be provided which wi 11 permit transfer
from primary to auxiliary power or vice versa in the shortest practical time.
Electrical 1y operated circuit breakers may be required to pennit synchronizing
with commercial power.

4.2.1.9 Location. The general location of the various power sources should be.-
as described in the following paragraphs:

a. The primary power plant, if required, should be located within
the station boundarv vet remote from the station boundarv line to Drovide
physical
level to
receiver

boundary
location

security a~d-also sufficiently removed to”ensur~ an acceptable noise
administrative, communications and other work areas, and from any
site to minimize interference effects.

b. The primary substation should be located remote from the station
line a sufficient distance to provide” physical security. The
should be convenient for accepting delivery of power from an

off-station source and distribution of power to the-on-station faci1ities.

c. The distribution substation should be contiguous to or a part of
the operating building it serves, or the distribution feeders from the
distribution substation to the convnunications facility should. be underground.

d. The”auto-start plant, Class C, and the uninterruptible power
system, Class D, should be located in the imnediate vicinity of, or adjacent
to, the operating building they serve. Where Class C and D units are both
provided, they may be installed in a conmon building. Consideration should be
given to installing solid state UPS in an environmentally controlled room only
for tropical locations and other adverse environmental conditions or when
recommended by the UPS manufacturer. When power plants are placed contiguous
with operating buildings, the generating units should be placed on isolated
foundations to prevent transfer of engine vibrations to the building.

4.2.1.10 Protective devices and safety. Feeders and branch circuits should
have circuit protective devices coordinated to ensure disconnection of the
faulted circuit as close ..tothe fault as practicable. Guards for live parts
and protective devices shouid be installed and identified in accordance with
the safety requirements of the National Electrical Code. Grounding must
conform to the standards set forth in MI L-Sl’D-188-l24; grounding, bonding and
shielding engineering and installation guidance for communications facilities
is contained in MIL-HDBK-419. Transient Protectors, such as Metal Uxide
Varistors (MOV), should be installed ‘to provide transient-voltage protection
for transient-sensitive equipment. The location for installation of
protectors is shown in Figure 2. For low voltage power distribution,. three
basic ratings of MOV’S (Series L, Series PA, and Series HE) are available and
are designated in the order of increasing energy absorbing capability [in
joules). Series PA is recomme ded for low voltage power distribution feeder

n branch circuit panel boards.and Series L for installation

8
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4.2.1.11 Load shed and restoration. A load shed and restoration plan should
be developed and an operating procedure established for sequential load ●
shedding and load restoration of power from Class A, 8, C, and D power
sources. This plan should cover load shedding, normal and bypass switching,
where appropriate, and also inc1ude synchronize ng requirements. Periodic
scheduled testing of Class B, C, and D power sources under simulated or actual
load conditions should be performed, in accordance with DCAC 350-195-2. These
tests are perfonned to assure that the power systems are.reliable and are in
an operable condition. Al1 operating aspects of Class D units should be fully
automatic.

4.2.1.12 Power system status panel. A power status panel with appropriate
meters and alarms should be provided in the control area of each operating
building to indicate voltage and frequency delivered to the critical technical -
loads. Audible and visual alarms should be provided on the panel to indicate
when controls have initiated starting of the auxiliary power units.
Additional alarms should be provided to indicate the malfunction of unattended ‘
auxiliary power units. An alarm acknowledge capability, either automatic or
manual, should be provided in order to inhibit the audio alarms once the
operator knows an alarm condition exists.

4.2.1.13 Multiple primary sources. A primary power substation equipped with
a dual supply, dual transfonners, and sectionalized bus may be approved as an
acceptable primary power source. An on-site power plant, consisting of an
adequate number of generating. units may, if cost-effective, be approved as a
primary power source, subject to the provision of adequate operational and
maintenance procedures. Bus i.egregation may be employed where an appreciable’ “o
gain in reliability or an assurance of reduced power discontinuity may be
attained by isolating the technical and nontechnical loads.

4.2.1.14 Uninterruptible power systems (UPS), Class O. An UPS, designed to
provide continuous high quality power without transients, should be instal led
to.serve only critical electronic equipment that cannot tolerate power outages.

4.2.1.15 Float battery systems. The float battery system. is the most
economical and reliable method to provide continuous dc power to’critical
loads. Since this system is inherently very reliable and since future power
sources (renewable energy) provide dc power, long-range communications plans
cal 1 for an increased use of de-powered electronics.

4.2.1.16 Power conditioners. A motor-generator set, solid-state frequency
converters, isolation transformers, or 1ine voltage regulators are used in the
power system for the purpose of changing the primary frequency, attenuating
transients and suppressing power 1ine noise. The use of power conditioners in
1ieu of UPS wi11 depend on the ability of the electronic equipment served to
tolerate occasional power outages.

4.2.1.17 Electromagnetic compatibility. The power system should be designed
to prevent electromagnetic interference to the colmnunications system it
serves. The power system must comply with applicable Class A3 and C2

requirements contained in MIL-STD-461B.
10
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4.2.1.18 ‘Survivability. 4Building construction, component select ion, -and 1
system location can contribute to the survivabi 1ity of an electrical p’qer
system. Operational requirements of particular DCS facilities will dictate
specific survivability criteria, but many basic considerations can be reads.
during the design of the power system which wi11 enhance overal 1 survivabi i$;y
without a major impact on cost. ~.>.,,,.

4.2:1.19 ~.. Operation of the OCS in various political ‘.
environments resu ts In a number of unplanned faci 1ity closures and/or
relocations. Major components of power facilities should be designed to be ‘i
recoverable whenever possible, so that cost savings and operational
flexibility can be attained when facility relocation is required.

4.2.1.20 Environment. Consideration of the climatic conditions of the system
location must be incTuded in the selection of auxiliary power sources.
Operation at high altitudes, as wel 1 as at high ambient temperatures, degrades

4-+

engine performance. Power sources housed in buildings must have sufficient
ventilation to assure reliable operation by presenting overheating, as wel 1 as
means to keep the generating source warm during extremely cold temperatures.

J \

) 4“2”2* Primary Class A power may be furnished by an
, ‘5 off-stat on source a connnercial company or a Government-owned power system)

or generated locally at the faci 1ity. The power source should be determined
from an economical and technical analysis of al1 available power sources and
the analysis should consider and include combinations of renewable energy
sources.

-.

● 4.2.2.1 Off-station source. Off-station power will usually be oelivered to
the faci l~ty by the uti1ity company. An investigation should be made of the
SUPP1 ier’s ability to serve the present load and the expected load projected
over the next five years. A study should be made in which system outages over
the last five years are evaluated. The voltage and frequency stability and
other system characteristics should be determined. In addition, commercial .,
plants connected to the primary feeder must be studied to determine what I
transients or any erratic regulation condition they may impress upon the
distribution system.

4.2.2.2 On-station source. The primary power plant should be initially
designed with a capacity adequate for peak electrical power demand of the
station. The individual generating units should be so sized that the units
are normally operated in excess of 50% of rated capacity under any station
.demand 1oad. Figure 3 i1lustrates a typical on-station Class A power system.
The following factors should be considered in selecting the number of units
employed in a station generator plant.

a. Where the total station demand load is over
size unit employed should be 200 kW, wherever practical.

b. A minimum of two spare generating units are
being available for replacement of a failed unit and the
maintenance.

11

400 kW, the minimum

recommended; one un iL
other for scheduled
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The total size of the fuel storage tank capacity should be.
...

● determine~”by local replenishment conditions and should provide at least.a
30-day supply. The storage tank(s) should”be of fiberglass construct ion,”’iwhen
practical, installed underground on an incline for sediment accumulation. ‘.,.
Provisions should be made for easy filling of the tank(s) and removal of watw
and other sediment.

...-----.

d. Where transportable stations are included, Class C diesel units ““
may be used as a primary power plant for a limited time period. These units
should be replaced by Class A or B power sources, where long term operation is
anticipated.

‘\

e. Uti1ization of waste heat from the water jacket and engine
exhaust gas should be considered in the design of a primary on-station power
plant.

1#
f. Non-fossil fuel power sources should be used in facilities where

the load and economical conditions permit or whenever mandated by mission
requirements.

4
4.2.2.3 Power distribution.

‘?
The primary power distribution system should be

designed for the types of electrical loads shown in Figure 1. The loads
should be segregated and duplex facilities such as transformers, feeders and
circuit breakers, are considered necessary to provide the reliability and
maintenance capability required for critical communications loads.
Underground feeders should be used to enhance reliabi1ity and ‘to avoid

● interference with the convnunications faci 1ity. The distribution system should
include the standard protective relaying devices such as over-voltage relays,
over-current relays and reverse power relays whenever the primary and
auxil iary power systems are designed to operate in parallel. Aerial 1ines
should not be installed within 61 meters [200 feet) of convnunications
operation buildings, 366 meters (1200 feet) of receiver station antennas and
244 meters (800 feet) of other types of antennas. The distribution system of
uninterruptible power systems should be designed to provide power only to
critical loads. The requirements for UPS should be recognized at the
inception of power project design. The distribution system for the
administration area should be isolated from the technical load and provided by
a separate feeder.

4.2.2.4 Equipment technical desiqn considerations. Suggested minimum
electrical performance parameters for DCS power subsystems.

4.2.2.4.1 Voltaqe. The most common
as follows:

Nominal System Voltage

voltages used by DCS equipment should be

(volts)
120 (single phase)
120/240 (three phase-three wire)
120/208 (three phase-four wire)

277/480 (three phase-four wire)

●
13
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4.2.2.4Z Frequency. The ‘~~andard frequency’ is 60 Hz. Many types of
electr.fiic equiPment and subsystems are designed to operate at 50 to 60 Hz.
Where~60 Hz primary power is available, conversion to 60 HZ is required onlY
for;~requency sensitive electronic equipment. The steady state frequency
toiWance should not exceed :0.5% of system”design frequency.
<-

:~.2.2.4.3 Power factor. The power generating source should be capable of
providing service to a connected load with a power factor of 80 percent.
Power factor should comply with DoD 4270. 1-M and correction should tiemade
the power factor of the load is less than 85 percent at rated lo’dd.

if

4.2:2.4.4 Availability. The primary power supply, auxi 1iary power supply and
distribution system should be engineered so as to provide 99.99% availability
(exclusive of scheduled outages) -to the technical load bus(es).

4.2.2.4.5 Mean time between fai lure (MTEF) aridmean time.between oveihaul

-“
Realizing that the MTBF and MTBIIvaries with each type of equipment,

the M 8F and MTBO should be specified individual lY for each Pow”er SOUkCe... For
DoD standard generator sets, the MT8F and MT80 are as specified in MIL=STD-633.

4.2.2.4.6 Steady state stability. Power systems should be designed to 1imit
the steady state voltage stabi 1ity to 32.0% of the system design ,volt.igeand
to +0.5% of the system design frequency at any load from the maximum fd the
min~mum steady state station load. In the case of commercial poweri .tlie
steady state. regulation should be evaluated in terms of operational impact and
regulating devices provided, as required.

4.212.4.7 Oynamic or transient vari.ati.on. Power system’s should tiedesigned
to limit.the ,dynarnicor transient variation of power to ,t-h@ fol 10wi@ limit S:
the maximum transient variatiori of the voltage delivered to {he operational
load bus should be .wj~hin,=20% and +10% of the systetiinominal voltage and the
frequency within 33.3% of t[e,iystern,nornindl frequen~~. , The duratiori of these
transients ilrotildriotexceed 500 hi 1liseconds; In those’ cases wh%e primary
power ititerriip~icinsor severe transient:i‘aF@ appreciably worse th@i ~tiese
1irnjt~,,tfieptiirn~fypbwer system should be investiga~<~:~~, de~efijri~,
corrective ac~ion Feqdi Fed to meet the operational requlremen~s of the system
to be servi2d:

4.2.3 Atixi.ljary..p.d.w.et.The func~idii of atixiliaFy power is .~o pr6vide power
for @@fa~iori dur”iriginteFruptio,n or extended degradation of priniary pOi@r.
All Jiixili,ary generating poweF facilities, should tiedesigne$ for t~eexistent
load ,requit’’ernen~$.1~.is expe~ted ~ti~tthe electronics and .supp~rt loads
req”uifemefitiwil 1 &5iitinue t6 CleCreas& as niiCroeleci~onic5 influence the

........

dei igfiof el@EtroI?f~ WI ,@mnunl cat?ons .equlpmen~:
... ...... ..... .........

.,,-Tli@f6f0f.6;to conierve
energy dnd W rn~int&ifiiiigii,operatirigeff i~iency, the itixi1iary powef source
should tie$@l.@cts!d,,suCtithat ~~ wi 11 operate near Fated Capacity. Figure 4
i1lustrate< Clas< B; ~; and D SySternS.

4.2.3,1 c,l.ass...tiauxui.l.i.ary_Pow”efef. A standby long teti auxiliary power plant
may b~ FequlrCd iitier@inultlple conunerclal power feeders are not dvailable or

.. ..
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feasible to provide
result” from natural
comgaiable to those

powe~.,or where extended or freq.ent power outages may
cause~:.or sabotage. The criteria for a Class B plant are
of a rmmarv Dower Dlant. excegt that onlY one sDare

generator set is required’. “TJ ~s”expected that units in a Ll:ss B plant will
operate between 1000 and 400@ Qours annually. The size of the fuel storage
.:hould be determined by local r~plenishment conditions and should provide at
least a 15 day supply. Since tlie‘cost of construction of Class B plant
approaches that of a PrimarY Power plant (Class A) of equal size, the decision
to provide a power installation requiring Class B service should be (nadeonly
after a careful study. The Class B,units should be capable of being started
by an automatic control system. The autostart control system should be
adjusted to start the prime mover when the primary power voltage varies more
than ~10% or the frequency changes more than 13.3%, after an adjustable time
delay of approximately 5 seconds. The engines should be equipped with coolant
preheater to facilitate rapid start and load assumption. An alarm indicating
such action should be sounded in the area where personnel responsible for
manning the plant are stationed. The plant may be connected, to the load
automatically where practicable,, and removed from the load manually by
synchronizing and then parallel ing with restored primary power, disconnecting
electrically and shutting down.

4.2.3.2 Class C auxiliary power. The function of an autostart power plant is
to provide rapid restoration of power to the technical load. It is expected
that Class C units will operate less than 1000 hours per year. Where
practicable, the nontechnical load should be served temporarily from the Class
C plant. Spare Class C units should be provided for rotational maintenance
and overhaul, where justified. The prime movers for these units should be
equipped with ancillary equipment to assure that the load is assumed in the
shortest practicable time (i.e., where liquid cooled diesel engines are used,
they should be equipped with jacket water heaters and circulators and may use
lube oil heaters to insure quick starting). The size of the fuel storage
should be determined by local replenishment conditions, climate, geographical
locations, and should provide at least a seven-day supply. The autostart
control system should be adjusted to start the prime mover when the primary
power voltage varies more than ~10% or the frequency changes more than 23.3%,
after an adjustable time delay of approximately 5 seconds or as otherwise
dictated by operational requirements. Maximum use should be made of the
established 000 Standard Family of Mobile Electric Power Generating Sources
defined in the current editions of MIL-STLI-633.

4.2.4 Uninterruptible power systems (UPS), Class D.

4.2.4.1 General. UPS are characterized by their abil ity to condition primary
or auxili=er to precise, high quality power, as required by the C-E
equipment. UPS maintain continuous power even during periods of transfer from
one power source to another or for a sufficient period to allow for an orderly
shutdown. An UPS is required to maintain and provide continuous conditioned
power to the critical C-E equipment and to provide protection from power 1ine
transients. To minimize power loss and to conserve energy, the UPS should be
sized to support only the critical lo”adand operate at a high efficiency. A
solid state UPS consists of a rectifier/charger, batteries, inverter,

16
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synchronizing equipment, protective devices, stati}~’switches and oth”ir
accessories. Continuity of power during emergency periods of power transfer
is maintained by an energy storage battery. So}~d state UPS have many”}’
advantages over mechanical rotary UPS. Bearing’, vibration, and low effi~iency
problems are avoided, and single point fai,lur,~sare minimized by selectio~;.and
proper configuration of solid state UPS. Re,~ervebattery capacity of fiftel?n
minutes is normally sufficient for UPS appl~cation, at which time the
auxiliary power plant should be providing the input power.,!

4.2.4.2 UPS configuration. Several Sy>$?inconfigurations can be made which(
will provide continuous power to the critical bus. The advantages and
disadvantages of the most common configurations are discussed below:

4.2.4.2.1 Si”nqle UPS. The single st.a~ic UPS ‘shown in Figure 5 has the
advantaqe of sim~licit.y and low cost. The sinqle UPS configuration consists
of a re~tifier~ dn inv~rter, associated controls, protect iv; devices and an
energy storage battery. This system also includes a static bypass circuit
which automatically transfers the critical load to the alternate source of

!+ power without an interruption to the load. Uhen an inverter output failure
sensed, the critical load is transferred to the bypass circuit in less thanI

\i mi 11iseconds. The synchronous bvoass adds about 20 Dercent to the cost and

is
5

G provides eight to te~ times more- ~eliability. A fai’lure of the UPS causes the
‘2 static switch to transfer the load to the input source,. thereby keeping the

load on-line. When selecting this confi uration, two conditions must be
considered for successful operation: (a? the transfer must be fast enough so

●
the load will not be disconnected; (b) the frequencies and voltages of the
primary power and the inverter output must be the same.

4.2. 4.2.2 Parallel redundant system. The system consists of at least two UPS
operating in a load share mode. (See Figure 6). For protection, the output
of each is normally connected to the bus through a static interrupter. If an
internal fault occurs within an inverter of either system, the static
interrupter isolates that inverter from the bus. In case of a bus fault, the
interrupter operates in a current limiting mode until the output circuit
breaker trips. Parallel UPS may be configured for various combinations of
units operating in parallel, such as three un~ts on-line with any two capable
of serving the load. Parallel configuration is recommended when the frequency
of the primary electric power supply must be converted, such as 50 Hz to 60
Hz, to serve the critical load.

4.2.4.2.3 “COld” standby independent UPS. This configuration consists of two
independent UPS with a conunon battery. One UPS is on-line and the other is in
“cold” standby condition. 8oth UPS are equipped with static bypass circuits
which wil 1 automatically transfer the critical load to the primary power or
auxiliary power source without interruption, in the event that the operating
UPS fails. The second UPS is then manually energized and placed in the bypass
mode, and the critical load is assumed by the transfer action of the static
switch. The two UPS are not intended to operate in parallel and interlock
circuits are provided o.nthe output of the UPS.

17
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4.2.4.3 Electric service and bypass connectors. Two separate electric
services should be provided, one to the UPS rectifier circuit and the other to
the UPS bypass circuit. Where possible, they should emanate from two separate
buses with the UPS bypass connected to the technical (noncycl ic) bus and the
rectifier connected to the nontechnical (CYC1ic) bus. This connection
provides isolation of sensitive technical loads from the effects of UPS
rectifier harmonic distortion and motor, start-up current inrush. .

4.2.4.3.1 Electric service size. An UPS system is considered to be
continuous type load, and service to both the rectifier and bypass circuits
should be sized in accordance with the National Electrical Code Article 220.
The required current for the rectifier circuit is calculated by using the UPS
output rating divided by the UPS efficiency and multiplied by a load factor of
125 percent to take battery charging into account. The UPS bypass circuit may
be rated for less current since both UPS losses and battery charging
requirements need not be supplied.

4.2.4.3.2 Maintenance bypass provisions. Bypass provisions for maintenance
of equipment are:

i a. The single UPS
manual ly activated to isolate
maintenance. This circuit is
synchronizing provisions.

b. Each module of

has a built-in bypass circuit which can be
the UPS module during emergency conditions or
make-before-break and contains automatic

the “cold” standby independent UPS has the same
built-in bypas>circuit provisions as the single UPS. Complete isolation of
one UPS module (including its bypass) from the ‘other module is inherent in the
“cold” standby redundant configuration: (See Figure 7).

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.

4.2.4.4 UPS distribution system. The UPS distribution should only serve the
critical loads. Noncritical loads should not be connected to the UPS output.
They should be served by separate distribution systems from either the
technical or nontechnical bus, as appropriate. The critical load should be
protected by installing fast-acting (microsecond) fuses in the load
distribution panels to shorten the transient effects caused by load faults.
Solid state transient suppressors, such as the metal-oxide type, should also
be provided in the UPS distribution to suppress over-voltage transient s.caused
by reactive load switching.

4.2.4.5 UPS and battery room. The UPS and associated battery should be
installed in separate rooms. The construction should be of permanent type and
the wall separating the UPS should be fire proof for a .]-hour rating. The
battery room should be designed in accordance with Article 480 of the National
Electrical Code and OSHA requirements. OSHA requires that facilities for

- quick drenching of the eyes and’body be provided within 7.62 meters (25 feet)
20
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FIGURE 7. “Cold” standby independent uninterruptible power system (UPS).
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of th,ewor,k area for emergency use. Special attention should be given to
floor l.oddjng for the battery room, entrance door dimensions for installation
of UPS, and ceiling heights for clearance of exhaust fans and/or an
environmental .:ystem. Emergency1lgh!ing units should be provided and conform
to Federal Specification WXL-305.

4.2.5 DC UPS = Floating battery power? Flo,a!ing battery p.ow.er,,sh.ouldbe
designed for optimurn”-reliabi1ity and-niaxi,murnindepende,n~e of p,rlmarypower
abno,mali ties. The battery should be sjz.edto furnjsh full Power to the
critical tech,nic.al]oad for a p.eri.od,,c,o,nsistentwith requirements and system
design for au,xill~ry power cSp”@i 1ities. The battery system supporting solid
stgt.e UPS should b.<sized for 15 ,rninutes,for m,ost a“ppl’ications.’For 48 volt
applications, if speci.fi,cba~$ery operation re.quire,mentsare not available,
the batteries sho,ul,dbe sized for l-hour operation at atte,nded sites and a
,minimuniof 8-hours operation at unattended sites. A single float battery
system should ,be d~sigqed for al1 fjoat b,a}tery requirements within a conrnon
fpc.il.j~y. 4 minimum of ~.wo rectifjsr ,cha,r$ersshoylo & provided. The total
n,u.mb,eyof rectifie.rs,reqyin.edw i11 Q,e@etermj n.e.dby the nu!nber needed to
supply the load and battery c,harging currentl ,PIUS one Or more fOr the

maintenance space. When operating on corm’nercialpower, the rectifiers should
be sized to provide a battery recharge.-to-discharge time ratio of not more
than 30 to 1. Where static .in.vertersare used, provisions should be made to
transfer the load in a gradual manner from the battery to the primary or
auxiliary power sources. This .provisio,n,,n,ormally part of the rectifier, wi’11
mi,njrniz,ethe transient conditions on ~he”prirn.aryor aUxi ]iary p,ower sources
du:ri,ngthe transfer peri,od,

.4.2.6 Seismic batterY protection. Battery facilities in support of critical
convnunications should be designed to provide the seismic protection compatible
with the local seismic zone design ation..

4.,2.7 Power improvement planni nq.

When power improvements are required to provide ex,panded or new
capacit~’ in p~ime or auxi 1iary pow,e,rfor any site,,a regui rements survey Of
,al1 C-E ,plpnning for that site should be ,conducted. Pr$sent and future
.requirerne,ntsshould be .conside,redand programed fo,r,consistent with sound
prac:ice. Pr-ogra~i,ng docum$nts .sh.ouldshow that the projects are responsive
to $lte re,qui~ernent;dnd refflectcon:ol i.dationplanning.

b.. Although Primary and .auxj1i.a.rypower systems should be programmed
to meet sjte re.quj,rement:,p,o,wercondi$iohi,ng/UPS (incl,uding D,Cbattery flost
systems) should be progran@ed on a C-,E system basis and consol idation
.cons.ideredat time of jmplementati~n,. Project p.ro,gramningdocumentation
should identify projects for,tconsolidatjo.n”co,nsiderat{on. Consolidation
should then be accompl ished ]n 1ight of funding and technical considerations.

c. When primary or auxi l~ary power (including UPS) are to be improved
or reconfigured, a requirements survey should again be conducted ,and equipment
ratings increased or”decreased accordingly. Combinations of renewable energy

sources should also ‘beconsidered at this time.
22
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● 4.2.8 Guidance for conrnunications-.ele~tronics (,C-E).e.quipment.acquisition.

a. Acquisition rnari~gersshould specify dir@ct current powered
equipment fdr’high relidbj?i~y C-E appl ications. The inversion process (where
fai lure r“a~e$are ~he”higti@st) and the rettif iqatiorirequired in the
communications equ”iprnentd~tild thus be’eli,minatied. Elimination of the
inversion process wduld iniprcive’ttieefficiency and rel iabi1ity of the power
system.

B. To ttidm~xirntirndegree fea$ible, at-powered equipment sliou~dbe
... .. . .

designed to tolera~e the”ful ] ,raFigeof voltage’,and frequ”@ncy variations to be
encouritered. Stipplieri should be required in their bidding to stiowcosts of
furnishing equipment witli~rodder, tolerance i! in~rernents over the range to be

.
*

expected. SUPP1 i~rs should al’io ,Be required to deterrriinearidfurnish an
analysis of the effect on ,aperation and failure rate when specified tolerances
are exceeded. Cofiiinica~idns equipment acquisition documentation should, to

: the maximum extent, encourage dt=powered equipment design.
.

:+”c. Applicable to Bdth a and ti;.abov”e,would be procurement

:4 specifications requiring that those critical elements of the C-E system or
equipment with the least tolerance be separately tircuited to accorinirodatedc

.. ..
Q
\ or ac UPS input without necessitating UPS for the entire system.
>

Custodians:
Army-SC
Navy-YD
Air Force-90

Review ac~ivi~ies:
A~Y-$Q, QE:,CR, ~~.
Navy-AS, EC; MC, OM, SH
Air ForCe-17

Preparing activity:

~CA-llC

(Project SLHC 4111)
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DEPARTMENT OF DEFENSE
Washington, UC 20301

MIL-HDBK-41 1A
Power and Environmental Control
for the Physical Plant of
DoD Long Haul Communications
VOLUME II, ENVIRONMENTAL CONTROL

1. This standardization handbook has been developed by the Defense
Communications Engineering Center (OCEC) of the Defense Communications Agency
(DCA), in accordance with the Oefense Standardization and Specification
Program (DSSP).

.,

2. This publication was approved on 8 July 1982 for printing and
inclusion in the military stand ization handbook series.

9-
3. This volume provides information and technical guidance on the special

requirements and considerations for the design and construction of
environmental control systems for the Defense Corrnunications System (OCS)
facilities.

4. Beneficial comments (reconunendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to: Director, Defense Communications Agency, ATTN: Code J110, 1860
Wiehle Avenue, Reston, Virginia 22090, by using the self-addressed
Standardization Oocument Improvement Proposal (00 Form 1426) appearing at the a
end of this document or by letter.
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FOREWORO

1. Volumes I and II of this handbook supersede MIL-HDBK-411, dated 21 May
1971. This volume replaces those portions of the superseded handbook which
deal with environmental control systems for Defense Communications System
(DCS) facilities. Volume I of this handbook replaces the remaining portions
of the outdated handbook which are concerned with power generation and
distribution systems for DCS facilities.

2. As defined in Department of Oefense Directive 5105.19, “The UCS is a
composite of Doll-owned and leased telecommunications subsystems and networks
comprised of facilities, personnel, and material under the management control
and operational direction of the DCA. It provides the long-haul,
point-to-point, and switched network telecorrrnunications needed to satisfy the
requ irements of DoD and certain other Government agencies. ”

3. This part of the handbook provides basic technical guidance for the
design, installation, alteration, and acceptance of air condition ng systems
for Department of Defense (DoD) long haul OCS facilities.
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1. SCOPE

1.1 Purpose. The purpose of this handbook is to provide technical guidance
for environmental control systems supporting the Defense Communications Systt%n
(DCS) facilities. This handbook is intended for use in the design,
installation, and upgrading of air conditioning systems and equipment.

1.2 Application. This handbook applies to government-owned air
conditioning systems for the Defense Communications System (DCS) facilities.

1.3
F“

The objective of this handbook is to delineate the
environments control criteria needed to support the operational requirements
of the Defense Communications System (DCS).
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2. REFERENCED DOCUMENTS

2.1 Issues of documents. The following documents, of the issue in effect on
date of invitation for bids or request for proposal, form a part of this
standard to the extent specified herein.

SPECIFICATIONS

FEDERAL

FEO-SPEC-FF-300 Filter, Air Conditioning: Viscous
Impingement and Dry Types, Cleanable

MILITARY

MIL-C-13724 Charcoal, Activated, Impregnated, ASC

MIL-F-51079 Filter Medium, Fire Resistant, High
Efficiency

STANDARDS

MILITARY

MIL-STl&461B Electromagnetic Emission and
Susceptibility Requirements
Control of Electromagnetic

HANDBOOKS

MILIT~Y

for the
Interference

MIL-HDBK-232 RED/BLACK Engineering Instal1ation
Guidelines. (U)

MIL-HDBK-419 Grounding, Bonding, and Shielding for
Electronic Equipments and Facilities.

2.2 Other publications. The following documents form a part of this standard
to the extent specified herein. Unless otherwise indicated, the issue in
effect on date of invitation for bids or request for proposal shal ] apply.

Air Force, Army, and Navy Manual, Engineering Weather Data, AFM 88-29;
TM-5-785; NAVFAC P-89 (Tri-Service manual).

Anerican Society of Heating, Refrigeration and Air Conditioning Engineers
(ASHRAE) Guide and Data Books, 4 volumes (Fundamentals, Applications, Systems
and Equipment).

0

●

2

.—
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General Ventilation for Removing Particulate Mat Ler.
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Devices Used in

(Application for copies should be addressed to American Society of
Heating, Refrigerating and Air Conditioning Engineers, Inc., 345 East 47 St.,
New York, NY 10017).

Associated Air Balance Council, National Standards for Field Measurements
and Instrumentation.

(Application for copies should be addressed to Associated Air Balance
Council, National Headquarters, 1000 Vermont Ave. , N. W., Washington, DC
20005) .

National Environmental Balancing Bureau (NEBB), Procedural Standards for
Testing, Adjusting and Balancing of Environmental Systems.

(Application for copies should be addressed to National Environmental
Balancing Bureau, 8224 Old Courthouse Road, Vienna, VA 22180).

%erican National Standards Institute (ANSI) Standard S1.4, Specification
for Sound Level Meters.

(Application for copies should be addressed to Sales Department, American
National Standards Institute, 1430 Broadway, New York, Ny 100 IB).

Underwriters’ Laboratories, Inc., UL Standard 900, Safety for Air Filter
Units.

(Application for copies should be addressed to Underwriters’ Laboratories
Inc., 207 East Ohio St. , Chicago, Illinois 60611).

3
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3. DEFINITIONS

3.1 Air conditioning. As used in this handbook, the term air conditioning is
synonymous with the term environmental control which is the process of
simultaneously controlling the temperature, relative humidity, air
cleanliness, and air motion in a space to meet the requirements of the
occupants, a process, or equjpment.

3.2 Critical areas. For purposes of this volume, critical areas or critical
rooms are operational areas that contain communications equipment and require
specific temperature and humidity operating conditions.

3.3 Technical area. For purposes of this volume, technical areas are those
rooms or areas that contain communications equipment or other equipment that
supports communications equipment and requires specific temperature limits.

3.4 other definitions. Definitions of all other applicable terms are
contained in the ftnerican Society of Heating, Refrigeration, and Air
Conditioning Engineers (ASHRAE) Handbook of Fundamentals.

●

●
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4. SYSTEM DESIGN CRITERIA

4.1 General . Air conditioning provides environmental control. Air
conditioning includes heating, cooling, ventilation, humidification,
dehumidification, circulation, filtration,. pressurization, and distribution of
air in areas occupied by communications equipment and in areas occupied by
equipment that directly sup~orts the communications equipment. This criteria
does not apply to areas not directly engaged in supporting or operating the
communications equipment or systems. This handbook provides the basis for air
conditioning design and should be supplemented with the specific design
criteria for the communications equipment or systems concerned. It is not the
intent to dictate specific air conditioning system design. Each system design
requires the initiative, imagination and expertise of the design engineer to
meet all the requirements.

4.2 Design objective. The mission requirements of the Defense Convnunications
System dictate a 99.99% operational capability. In addition, the DCS
should have the ability to withstand hostile actions or stresses and remain
operational after the commencement of these actions or stresses. The air
conditioning systems ‘for DCS facilities should provide the environmental
conditions necessary for the DCS to meet the mission requirements.

4.3 Desiqn guidance. The air conditioning designer should consider the
referenced documents listed in Section 2 and the following design guides:

a. The communications equipment environmental conditions specified by
the manufacturer.

b. The applicable DoD construction criteria publications.

c. The applicable design agency publications.

d. The applicable user agency publications.

e.. The construction. criteria for the specific

4.4 Outdoor design conditions. The Departments of
Force tri-service manu”al. Enaineeri na Weather Data (AFM 88-29: TM-5-785:

project.

the Arm.v. Navy and Air

NAVFAC P-89), should be used-for the-selection of sikner and winter outdoor
design conditions. For locations not covered in the manual, the respective
MI LIIEPshould provide the summer and winter outdoor design conditions. The
outdoor design conditions should be selected on the following basis:

4.4.1 Summer outdoor design conditions.

4.4.1.1 Critical areas. The 1% dry bulb and 1% wet bulb temperature
conditions should be used for critical areas requiring close tolerance
temperature and humidity control. The 2.5% dry bulb and 2.5% wet bulb
temperature conditions should be used for critical areas requiring broad
temperature control.

~.
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4.4. 1.2 Technical areas. The 2.5% dry bulb and mean coincident wet bulb
temperature conditions should be used for technical areas.

4.2.2 Winter outdoor design conditions.

4.4.2.1 Critical areas. The 99% dry bulb and
wet bulb temperature conditions should be used
humidity control.

average annual mean coincident
for-critical areas requiring

4.4.2.2 Technical areas. The 97.5% dry bulb temperature condition should be
used for technical areas.

4.4.3 Air cooled condensers.

4.4.3.1 Critical areas. The 1% dry bulb temperature plus 2.8 degrees C (5
degrees should be used for the surmer outdoor design condition. The 99%
dry bulb temperature less 2.8 degrees C (5 degrees F) should be used for the
winter outdoor design condition for condenser winter ization.

4.4.3.2 Technical areas. The 1% dry bulb temperature should be used for the
sunvner outdoor design condition. The 99% dry bulb temperature less 2.8
degrees C (5 degrees F) should be used for the winter outdoor design condition
for condenser winterization.

4.4.4 Cooliny towers and evaporative condensers.

4.4.4.1 Critical areas. The 1% wet bulb temperature condition should be used.

4.4.4.2 Technical areas. The 2.5% wet bulb temperature condition should be
used.

4.4.5 Water coolers and glycol coolers.

4.4.5.1 Critical areas. The 1% dry bulb temperature. plus 2.8 degrees C (5
degrees F~ should be used for the summer outdoor design condition.

4.4.5.2 Technical areas. The 1% dry bulb temperature should be used for the
summer outdoor design condition.

4.5 Indoor design conditions. The selection of the indoor design conditions
depends primarily on the environmental conditions specified by the
manufacturer of the communications equipment. Communications equipment is
sensitive to ambient dry bulb temperature, relative humidity, and dust. In
some instances, certain components of the communications equipment or data
processing systems may have conditioned air or chilled water supplied directly
to them, in addition to conditioned room air.

.’

●

4.5.1 Critical areas - rate of temperature change. Some manufacturers of
electronic data processing equipment specify close 1imitations on the -
allowable rate of temperature change. For existing AUTOD1li switching

faci 1ities and some other DCS faci1ities, the computer .Squipment manufacturer
6

.....~“
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has specified that the maximum allowable rate of temperature change is 1.7
degrees C (3 degrees F) per hour. No stipulation is made as to the location
or the time period for making the temperature change measurements. This
requirement can be interpreted as meaning that a fluctuation of temperature
(UP and down) of more than 0.14 degrees C (0.25 degrees F) in five minutes, or
0.03 degrees C (0.05 degrees F) in one minute, or 0.0046 degrees C (0.008
degrees F) in ten seconds cannot be tolerated because computer operation would
be adversely affected. Such small increments cannot be measured or recorded
wi th avai lable standard temperature recorders. Additionally, such small
temperature changes can occur in any room during normal operation of the air
conditioning system. Therefore, for all future installations, when a computer
manufacturer specifies a maximum allowable rate of temperature change, the
rate of change should be expressed for no less than the smallest time period
during which the specified change can be measured and recorded by automatic
temperature recorders presently available on the.market. The time specified
should be the smallest time duration of changing temperature which will
adversely affect the computer. Also, the manufacturer must specify the exact
location where the measurements are to be made.

4.5.2 Critical areas - close tolerance temperature and humidity control.
Magnetic units are the communications system components which are most
sensitive to temperature, humidity and dust. Usually, they can operate within
a temperature range of 15.6 to 26.7 degrees C (60 to 80 degrees F) dry bulb
and a relative humidity range between 40% and 65%. However, the conditions
selected within the range must be kept relatively constant. Unless otherwise
specified by the electronics equipment supplier, the operating room condition
is taken as that temperature and humidity condition measured approximately
1.52 meters (five feet) over the floor adjacent to the communications system
component which is the most sensitive to ambient conditions. One 24-hour
temperature and humidity chart recorder should be installed in the same area.
Others may be installed at other locations in the critical area. Presently,
the critical areas of OCS installations utilizing electronic data processing
equipment such as AUTODIN are generally held at 22.8’degrees C (73 degrees F)
plus or minus 1.1 degrees C (2 degrees F) and a relative humidity of 50% plus
or minus 5%. Usually, this is a safe operating ambient condition for computer
rooms. Lower temperatures and humidities would result in increased operating
costs and wasteful energy consumption. An operating temperature much above
22.8. degrees C (73 degrees F) might result in an unsafe differential between
the operating temperature and the recormnended computer shut-down temperature,
usually 26.7 degrees C (80 degrees F). Because the temperature does vary a
few deorees throughout the critical areas. if the air conditioning svstem
fails ~hen operating much above 22.8 degrees C (73 degrees F), th&-e-may be
insufficient time to detect rising temperatures and to shut down the computer
before damaging temperatures occur at some hot spots in the room. The
recommended operating temperature and humidity conditions should be obtained
from the manufacturers of the communications and data processing equipment and
should be used for the design of the environmental control system.

4.5.3 Critical areas - broad tolerance temperature and humidity control.
Operational environmental tolerances for installations not using magnetic
memory devices or computer equipment are usually quite broad. Generally,

7
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AUTOVON equipment can operate within a,dry bulb range of 7.2 to 40.6 degrees C
(45 to 105 degrees F) and a relative humidity range of 20% to 90%. For system
design purposes, in o~der to assure adequate reserve capacity for safe @
reliable operation of the communications equipment, the reconmrended indoor
design conditions for communications facilities not employing data processing
equipment is 23.9 degrees C (75 degrees F) dry bulb for summer and winter; 50%
relative humidity for summer; and 20% relative humidity for winter. Winter
humidification and surmrrerdehumidification should be provided in locations
where required. Generally, the air conditioning system can provide sufficient
dehumidification during the cooling cycle to meet the relative humidity
requirement and no supplementary dehumidification system is required. Very
humid climates may require a dehumidification system. During operation .of
installations requiring year-round cooling, the thermostat should be set to
that dry bulb temperature which is currently recommended for comfort cooling
based on considerations involving energy conservation, economics and comfort,
.25.6 to 26.7 degrees C (78 to 80 degrees F).

,
For smaller installations where

winter heating and summer cool ing are required, the thermostat setting for
sunmrer should be the same, but the setting for winter should be 20 degrees C
(68 degrees F). The humidifier should have the capacity to maintain the

,.,

minimum relative humidity required during the operating conditions and weather
conditions which require maximum moisture addition. The humidistat should be
set above the minimum relative humidity required to ensure that the lower
limit of relative humidity is met. At least one temperature and humidity
recorder should be installed at a suitable location within the critical area.
The recommended temperature and humidity conditions should be obtained from
the equipment manufacturer and should be used for the design of the
environmental control system.

4.5.4 Technical areas - temperature control. Generally, technical areas such
as support rooms, uninterruptible power system (UPS) rooms, battery rooms,
back-up power rooms, and equipment rooms do pot require specific temperature
and humidity operating conditions but have specific high and low temperature
limits. General ly, the maximum allowable indoor air temperature is 40 degrees
C (104 degrees F) and the minimum is 10 degrees C (50 degrees F), except for
battery rooms where the minimum is 15.6 degrees C (60 degrees F). Mechanical
venti lation should be employed for temperature control , as required. In some
instances, certain components of.technical equipment will require lower
temperatures than mechanical vepti lation can provide and mechanical cool in9
may be needed. In locations having extremely adverse atmospheric conditions,
such as hot, humid tropical climates , salt laden marine atmospheres,
atmospheres containing substantial quantities of corrosive, abrasive or
irritating pollutants, consideration should be given to air conditioning solid
state UPS and battery areas, rather than cooling by mechanical ventilation,
which usually involves high rates of outdoor air circulation. The recommended
temperature 1imits should be obtained from the equipment manufacturer and
should be used for the desi gn of the environmental control system.

4.5.5 Outdoor air ventilation rates and room pressurization. The supply rate
of outdoor ventilation air should be sufficient to Pressurize the critical
areas to
pressure

between 12.4 and 24:9
above adjoining areas

pascal (0.05 and 0’.10 inches of water) gauge
to prevent the infiltration of unconditioned

8
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outdoor air or inadequately conditioned air. The outdoor air supply rate
should not be less than 2.36 x 10-3 m3/s (5CFM) per person.
Instrumentation should include an indoor-outdoor pressure differential
inclined manometer or guage properly installed on an exterior wal 1 inside the
critical areas. Battery rooms should be ventilated with non-sparking exhaust
fans to maintain a stable room pressure that is lower than that in adjoining
rooms (to prevent the outflow of contaminated air to other rooms). The
outdoor air ventilation rates for batteries and equipment should be obtained
from the manufacturer and should be used for the design of the environmental
control system.

4.5.6 Air cleanliness. The supply air for critical areas, technical areas,
UPS rooms, and battery rooms should be filtered. Air fi1ter performance
values should be determined in accordance with ASHRAE Standard 52-76. Al1
supply air (outdoor ventilation air and indoor recirculated air) should be
filtered with filters having an atmospheric dust spot efficiency of not less
than 20%, and should have a minimum average dust weight arrestance of 60%.
Also, when computers are utilized, another bank of higher efficiency filters
should be installed. For installations utilizing self-contained specialized
Computer Room Air Conditioners, only one bank of the higher efficiency filters
should be used for the recirculated room air passing through the units. The
efficiency of the final filters should be as recommended by the computer
manufacturer. Generally, efficiency requirements for the final filters depend
on the type of magnetic memory units. At most existing AUTOOIN switching
facilities and some other DCS facilities utilizing computers, the final
filters have a minimum initial efficiency of 60%. Generally, newer computer
rooms require less efficient filters; around 45% average efficiency over the
service life of the filter (between clean and dirty conditions).

4.5.6.1 Chemical, biological, radiological. The supply air for critical and
technical areas should have the capability for Chemical, Biological,
Radiological (CBR) filtering to provide operational capability for the OCS
facilities during hostile actions or stresses. Smoke, dust, bacteria,
radioactive particles, toxic .warfare gases and antimaterial agents could
render personnel and electronic equipment inoperable. These contaminants
should be removed with filters and the critical areas,, technical areas, and
their entrances should be pressurized with this filtered air. The filters
should remove 99’.95% of 0.3 x 1o-6 m (0.3 micron) average particle size of
OOP test smoke and the flow rate of filtered air should be sufficient to
maintain an overpressure of 74.7 pascal (0.3 inches of water) 9au9e PFessur?.

4.5.7 Room air velocity. ‘Because of the cool temperatures prevalent in
critical areas, air flow velocities should’be kept to acceptable levels.
Wherever possible in critical equipment rooms, the room air veloclty should
not exceed 0.254 m/s (50 ft/min) at a level of 0.76 to 1.52 meters (30 to 60
inches) above the floor where personnel are seated during nomlal working
conditions and 0.356 m/s (70 ft/min) throughout the remainder of the occupied
zones.

4.5.8 Sound level. The maximum allowable ambient sound level caused by the
air conditioning system in the critical areas should be 50 dB(A). The ambient

9
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sound level is defined as the unoccupied space noise level with the air
conditioning system operating and the communications equipment shut down.
Measurements should be made on the A scale of a standard sound level meter

@which meets the Anerican National Standards Institute (ANSI) Standard S1.4 and
which is used in accordance with the manufacturer’s instructions.

\ 4.6 Energy conservation.. Energy conservation measures should always be
considered during the design of the air conditioning system. Howevery the
operating environmental conditions specified by the communications equipment
manufacturer should be the primary consideration governing the design of the
air conditioning system. There are numerous publications avai1able from
various Federal agencies and military departments that provide substantial
infotmation on alternate energy sources and energy conservation methods,
techniques and equipment. The air conditioning system designer should
consider al1 applicable design parameters to provide the most reliable and
energy efficient air conditioning system. Where feasible and cost effective,
energy conservation measures should be incorporated in the air conditioning
system design.

.4.7 Air conditioning calculations, The air conditioning load estimate should
be accomplished in accordance with the criteria of the ASHRAE Guide and Data
Book. The use of other commercially recognized load estimating methods
employing the criteria from the ASHRAE Guide and Data Book are acceptable.
The use of computer energy programs is acceptable and encouraged. Computer
programs provide heating and cooling load profiles for a typical year using a
typical year’s weather data. Heating and cooling load calculations are
usually accomplished on an hourly , dai ly,’weekly and monthly basis with
summaries providing peak and annual loads with respective energy
consumption. Many programs can compare several different types of air
conditioning systems and select the most energy efficient and cost effective
one to meet the load estimate.

4.8 System selection considerations. The selection and design of an air
conditioning system depends on many variables. Each air conditioning system
should be designed to provide the specific conditions peculiar to each design
requirement. The designer should consider the following: *-’

a. The
equipment.

b. The

operating environmental conditions required by the communications
,.

site location and outdoor environmental conditions.

capacity requirements for critical areas, technical areas, andc. The
all areas combined.

d. The availability of.a central cooling source, a.central heating
source, and alternate energy sources.

e. The availability and quality of water.

f. The availability and quality of conunercial utilities.
10
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9. The availability of spare parts and maintenance items.

h. The availability of skilled maintenance personnel.

i The system installation costs and annual O&M costs including annua’
energy consumption and cost.

4.9 Electric-power compatibility. The air conditioning system should be
desianed so that it will not interfere with the communications systems that it. .
serves. Operation of system components should not cause voltage fluctuations
in the electric-power systems serving the cormnunications equipment. Electric
wiring to the air conditioning system should not cause electromagnetic
interference to the communications system. Attention should be given to both
radiated and conducted forms of interference, plant 1ayout, and cable
shielding and routing. Electromagnetic interference characteristics for air.
conditioning equipment and wiring should meet the applicable Class A3
requirements in MIL-STD-461B.

Vapor barriers are especial ly important for
4“’0 ~’ ~lnstal atlons requlrlng humidity central. Effective vapor barriers should be
installed on interior walls, floars, ceilings or roofs. Windows should nat be
installed in exterior walls of rooms requiring humidity control. Air ducts,
utility conduits, cables and pipes penetrating humidity controlled areas
should be vapor sealed. All doors and passages providing access to and egress
from humidity controlled areas should be vapor sealed. Vestibules should be
provided for entrance/exit areas to all humidity controlled areas.

4.11 “U” values. “U” values should be selected to provide the optimum
effectiveness for the air conditioning system. The respecti~e military
departments should validate the “U” values to be used.

4.12 Reliability. The air conditioning system should be designed to provide
the environmental conditions necessary for the DCS installation to maintain a
99.99% operational capability. To meet this requirement, a secondary or
auxiliary air conditioning system , subsystem, equipment or components should
be provided far areas containing carmnunications equipment and.systems that
would not be operational if the primary air conditioning system failed. The
secondary or auxiliary air conditioning system, subsystem, equipment or
components should be able to provide the environmental conditions necessary
for these critical areas to remain operational. Generally, these areas
contain data processing equipment and may include AUTOOIN switches. The air
conditiani ng designer should determine the components, equipment or subsystem
required far the secondary or auxiliary air conditioning system. Also, spare
parts and service supplies recommended by the equipment manufacturers should
be readily accessible for maintenance and repair work for both the primary and
secondary air conditioning systenis.

4.13 System types. There is no standard type of air conditioning system that
is best for a communications facility. The design engineer must analyze all
the conditions, criteria, and variables inherent for each design requirement

11
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and select the air conditioning system type that most fully meets all the
requirements.

4.13.1 Heating systems. The heating system for the primary air cond~;~oning
system should provide the total installation heating load capacity.
heating system for the secondary air conditioning system should provide the
heating load capacity for the critical areas to remain operational. Heating
is generally required to provide heating for technical and office areas,
winter humidification and reheat for summer dehumidification. Heating systems
are normal ly hot water or steam type. Hot water or electric coils are
normal 1y used for reheat. Steam is normally used for humidification.

4.13.1.1 Central heatinq plants. At installations where a central heating
plant supplying steam or high temperature ”hot water is available as a heat
source, this source should be considered for the primary heating system. Heat
exchangers and convertors should be used as required. For the secondary
heating system, an individual steam or hot water boiler with required heat
exchangers and convertors should be considered. n,

4.13.1.2 “Individual heatinq plants. At installations where central heating
plants are not available for a heat source, individual steam or hot water
boilers with required heat exchangers and convertors should be considered for
both the primary and secondary heating systems.

4.13.1.3 Heating fuels. Conventional heating fuels should be selected in
accordance with the availability of supplies, logistics of fuel replenishment,
efficiency of operation, availability of operations and maintenance personnel,
cost of fuels, and vulnerability of fuels. Fuel storage should be based on
the most stringent, 30 day requirement.

@

4.13. 1.4 Alternate heat sources. The US@ of alternate heat sources, such as
waste heat recovery, thermal storage and active solar energy, should be
considered for both the primary and secondary heating systems, where
feasible. However, a conventional heat source should be provided for reliable
back-up capability.

4.13.2 Refrigeration systems. The refrigeration system for the primary air
conditioning system should provide the total installation cooling load
capacity. The refrigeration system for the secondary air conditioning system
should provide the cooling load capacity for the critical areas to remain
operational.

4.13.2.1 Chilled water systems. For chilled water systems, a minimum of two -
water chillers should be provided for installations reauirinq both primary and
secondary refrigeration systems. Each system should have a =eparate wate}
chiller, condenser and chilled water pumping equipment. Refrigerant
compressors and condensers should have sufficient capacity controls available
for the size and type of.units selected. Standby chi1led water pumps should
be provided. At installations where a“central cooling plant supplying chilled
water is available as a cooling source, this source should be considered for
the primary cooling system.

12
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4.13.2.2 Direct expansion systems. For direct expansion systems, a minimum
of two’refrigerant compressors and two condensers or two condensing units
should be provided for installations requiring both primary and secondary
refrigeration systems. Refrigerant compressors and condensers should have
sufficient capacity controls available for the size and type of units selected.

.4.13..2.3 Unitary packaged type air conditioning units. For those
installations where .unitary packaged self-contained type air conditioning
units are selected, a minimum of two units should be provided where both
primary and secondary refrigeration, systems are required. The units should
have sufficient capacity controls available for the size and type of units
selected.

4.13.3 Air handling systems. The air handling system provides the
conditioned air necessary for the installation to maintain the environmental
conditions required. Th~ system normally consists of air handling units to
condition the air and an air distribution system to supply and distribute the
conditioned air.

4.13.3.1 Air handling units. Air handling units normally heat, cool,
ventilate, filter, humidify, dehumidify, and supply air to the installation to
maintain the desired environmental conditions. They normally consist of a fan
section for air delivery, a cooling section, a heating section, a filter
section, outside air intake, and exhaust air outlet. A minimum of two air
handling units should be provided for an installation requiring both primary
and secondary air conditioning systems. One unit should provide the total
installation air handling capacity’ and one unit should provide the critical
area air handling capacity. Unitary packaged, self-contained type units
should be considered for smal ler systems. Multiple packaged type units or
central built-up units providing multiple zone control should be considered
for larger systems.

4.13.3.1.1 Outdoor air intakes. The outdoor air intakes should be located
and installed to provide the cleanest source of outside air. Weatheri zed
louvers with bird and or inset-t screens should ‘be used.

4.13.3. 1.2 Exhaust air outlets. The exhaust air outlets should be located
and installed so that exhaust air will not be drawn into the outdoor air
intake. Outlets should be weatherized types with backdraft dampers.

4.13.3.1.3 Air filters. Air filters should be installed in all air handlin9
units to filter outdoor air and return air prior to conditioning by the air
handling unit. The filters are normally installed in a filter section on the
air inlet side of the air handling unit. The filter sections should have
filter gauges installed to measure the pressure drop across the filters. The
low efficiency type filters should be the viscous impingement type and may be
either the throwaway or the cleanable type. The high efficiency types should
be the dry disposable type. Automatic rol1 filters ‘should be used whenever
the filter bank exceeds 2.13 meters (seven feet) in height. All filters
should conform to class 1 or Z Underwriters Laboratory Standard UL-900.
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Electronic air cleaners should not be used because of the danger of charged
particles passing through the filter and being attracted to oppositely charged
communications equipment. The use of electronic air cleaners should require
the approval of the respective military .department, based on the justification
provided by the design agency.

4.13.3 .1.3.1 C8R filters. A CBR filtering system should be provided to
remove CBR contaminants from critical and technical areas. The filtering
system should have the capability to be activated whenever a hostile action or
stress has commenced and to be inactive otherwise. The “filtering system
should consist of:

a. Precleaned - dust filter, Federal Specification FF-300.

b. Particulate filter - Military Specification MIL-F-OO51O79,
removes aerosols and particulate matter, 99.95% of DOP having an average
particle size of 0.3 x 10-6m (0.3 micron).

c. Gas filter - Military Specification MI L-C-0013724; removes
toxic warfare gases.

d. Air supply blower/fan - provides required air flow through
filtering medium.

The filtering system should provide a sufficient flow rate of filtered air to
compensate for air leakage and outside air ventilation rates while maintaining
a 74.7 pascal (0.3 inches of water) gauge overpressure. Entrance airlocks
should be provided to filtered areas - vestibules provide a suitable means to
accomplish this. The filtering system should either be coupled to the air
handling systems for the critical and technical areas or installed
separately. For either installation, the air handling systems for the
critical and technical areas must have the capability to operate at O% outside
air upon activation of the C8R filtering system.

4.13.3.1.4 Cooling coils. Oirect expansion evaporator coi1s should be used
for packaged units and small systems. Chilled water cooling coils should be
used with multiple units and large systems requiring multiple zone control.

4.13.3.1.5 Heating coils. Hot water or electric heating type coils should be
used for packaged units and smal 1 systems. Hot water or steam type heating
coils should be used with multiple units and large systems requiring multiple
zone control. Hot water and electric type coi1s should be used for reheat for
dehumidification control.

4.13.3.2 Air distribution systems. The conditioned air from the air handling
units should be supplied and distributed to the various spaces or equipment
and then returned to the air handling. units using ductwork, diffusers,
registers, grilles, ceiling plenums, and floor plenums. The air distribution
system should be designed in accordance with the methods and procedures
specified in the ASHRAE Guide and Data Book. .The correct amount of
conditioned air must be del ivered to the space, zone, or equipment to ensure
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that the communications equipment will operate within its prescribed
environmental conditions. Generally, a single duct, low velocity, constant
volume sys’temwith terminal reheat is used for critical areas. For technical
areas; a constant volume variable temperature system or a variable volume
constant temperature system should be considered. The conununications
equipment operating environmental conditions wi 11 normal ly dictate the type of
air distribution system required.

4.13.3 .2.1 Overhead distribution system. An overhead air distribution system
should be considered where communications equipment needs negate the
requirement for a raised floor. Generally, supply air ductwork should be
installed above a dropped acoustical ceiling with the space above this ceiling
used as a return air plenum. A ducted return could be used in lieu of a
plenum return. Diffusers, registers and grilles should be installed at the
ceiling or sidewalls. For some types of conununications equipment, a ducted
supply and return can be connected to the equipment.

4.13.3.2.2 Underfloor distribution system. An underfloor air distribution
system should be considered where communications equipment needs dictate the
use of a raised floor. General ly, the space beneath the raised floor is used
as a supply air plenum with an overhead ducted return or ceiling plenum
return. Supply air diffusers or registers are installed in the raised floor
and return air grilles are installed in the ceiling. A positive static
pressure of 62.2 pascal (0.25 inches of water) gauge must be maintained in the
under floor plenum. A pressure differential gauge or manometer should be
installed with the raised floor. For some communications equipment, the
supply air can be fed directly to the equipment through the raised floor.

14.13 .3.2.3 Ductwork, diffusers, registers, grilles. Ceiling supply air
outlets and return air inlets should be readily relocatable without major
alterations in order to vary the air distribution pattern with technical
equipment relocations and to eliminate hot spots and maintain uniform
temperatures throughout the room. Air supply ducts located outside the air
conditioned spaces should be insulated with noncombustible insulation with
integral vapor barrier. Interior duct linings should not be installed in air
supply ducts serving the technical equipment rooms. Sound attenuators should
be used when considered necessary. Each return air duct should be insulated,
as required, depending on its relative location to the celling or roof
insulation. Ducts located below roof insulation normal ly wi 11 not require
insulation; however, ducts installed above ceiling insulation should be
insulated.

4.13.4 Humidification systems. A humidification system should be prov,ided
for both the primary and secondary air conditioning systems. Humidification
systems should be the direct steam injection or heated pan type. Atomizing
type humidifiers should not be used due to the mineral dust problem.
Generally, the steam grid type are used in large air handling systems and the
heated oan tvoe usina steam. electric. or hot water coils are used in smaller
air han~ling- units
The humidification
required.

s~ch as
systems

~he unitary packaged type air conditioning units.
should provide the relative humidity levels
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4.13.5 Economizer air cycle. An economizer air cycle should be considered
for al1 air condition,lng systems where the outside weather conditions’ indicate
their use “can be beneficial. These cycles al’lowthe air handling units to c
supply up to 100% outside air and can reduce the refrigeration load when the
outside air can be used for cooling. They can also provide emergency
temperature’ control to some degree should the refrigeration equipment fai 1.
Economizer air cycles are ideal for temperature control applications. They
can be used for temperature and humidity control applications provided
enthalpy controls are utilized to prevent high humidity levels. The use of an,.
economizer air cycle should require the”.approval of the respective military
department, based on the justification provided by the design agency.

4.13.6 Location of equipment. Air conditioning equipment ”should be located
in areas that delay or deter intruders. Utilities and storage tanks should be
installed underground. Air conditioning equipment such as air handling units,
boilers, pumps, compressors and associated equipment should be installed in a
mechanical equipment room within the structure it is supporting. Equipment
instal led outside the structure, e.g., condensers and cool ing towers, should
be installed at grade level and provided with fences, walls, barriers, or
revetments.

4.13.7 Security. Fusible link fire dampers, anti-personnel barriers, sound
attentuators, radio frequency waveguides and non-metalic flexible connections
should be installed in ducts at points of ingress and egress to Limited
Exclusion Area (LEA) or Controlled Access Area (CAA), as appropriate. (See
MIL-HDBK-232) . The equipment should be installed at the inside of the area.
Non-metalic flexible connections or dielectric unions-or couplings should also
be installed at the inside of the space of all piping where it leaves or
enters the control led space. In almost al1 cases, controls can be designed so 8

that no control wires pass from outside of sensitive security areas. However,
where they do, all such power and control wiring should be installed in
accordance with MIL-HDBK-232. .4s a minimum; control wiring cables should be
shielded and installed in separate distribution facilities from RED cables.
The need for filtering of the control cables should be determined after an
instrumented TEMPEST survey has been conducted. Grounding of cable shields is
delineated in MI L-HDBK-419.

.,;

4.13.8 Controls and instrumentation. General ly, computer room air
conditioning uflits are factory eQui DDed with a com~lete set of automatic
controls, operating mode 1ighted signal systems. Where other types of air
conditioning systems. are installed, a complete automatic control system with
manual override supervisory controls should be installed. Adjustable
controllers for regulating temperature and humidity, as well as ambient
pressure for some types of installations, should be provided. Included should
be automatic controls with manual override to accomplish switchover to
secondary systems when such an operation is requi red. Adequate thermometers
[and pressure and draft gauges should be installed at appropriate points to
facilitate convenient monitoring of the system. In addition, sufficient
thermometer wells, gauge tappings and ports should be provided for checking
and adjusting the equipment. For central systems, a complete central control
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gauge and alarm panel should be installed within the mechanical equipment
room. In addition, an alarm panel should be installed in one technical

operations room having 24 hour occupancy. The central control panel should
contain a single audible alarm, individual equipment indicating lights,.
gauges, and an associated push-button station. The alarm panel should include
audible and visual alatms, responding to temperature and humidity sensors
located in the conditioned areas to alert operating personnel when extremes of
allowable operating ranges are being approached. Also, both alarms should
indicate failure of the battery room fan; if applicable.

4.13.9 Operating, maintenance and repair recommendations. The air
conditioning installation contractor should be required to provide as-built
drawings and copies of operating, maintenance, and repair manuals for the
system and each component of the system. For overseas installation, drawings
and manuals should also be in the language of the foreign nationals who will
maintain the system. The operating instructions, the preventive maintenance
schedule, the wiring and control diagrams and the detailed control sequence
should be framed under glass or plastic and should be posted in an appropriate
location in the mechanical equipment room. Additional ly, the contractor
should be required to furnish a list of recommended spare parts and service
supplies.
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5. TESTING, ADJUSTING AND BALANCING

5.1 Procedures, instruments and forms. Information, forms, instrumentation a
and procedures for testing, adjusting and balancing the air conditioning
system are presented in the Associated Air Balance Counci 1 (AABC) “National
S~andards for Field Measurements and Instruments”, or in the National
Environmental Balancing Bureau (NEBB) “Procedural Standards for Testing,
Adjusting and Balancing of Environmental Systems”, and in the ASHRAE handbook
“Systems “,. Current related Federal and mi 1itary department Guide and Type
Specifications are based primarily on the AABC and the NE13BStandards and
should be used in accordance with established practices of the design agencies.

$:.
.,.
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