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ABSTRACT

Thisharﬂbookpmwidesbasmd&ngnguidamwhid\hasmendeveloped

[ QPR SR, PR, [ - Je

fram extensive reevaluation of facilities. It is imtended for use by
experienced architects and engineers. The criteria presented is for the
design of stationary diesel-electric generating plants for prime and
standby/emergency duty. Planning factors are provided for plants
incorporating the cogeneration of steam and/or hot—water for other uses.
Changes required for utility intercomnections, equipment applications and the
types of waste-heat recovery cycles available for cogeneration are also
provided. Data and criteria required for design of diesel-electric
generating plants include information on the service category and the types
of diesel prime movers, generators and utility interfaces available, sources
of power ard fuels avzulable, cother plant location factors, advantages amd
disadvantages of varicus plant ownership options, and electrical and thermal
loads anticipated. Design criteria are included for diesel-erngine
awdiliaries and foundations, voltage ratings, generators and exciters,
cantrol wiring and compenents, piping, insulation, corrosion protection, and
for various other design factors. Guidance is provided to assist in the
design of different types of plant canstruction and of nonstandard plants.
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FOREWORD

This handbook has been developed from an evaluation of facilities in the
shore establishment, from surveys of the availability of new materials and
construction methods, and from selection of the best design practices of the
Naval Facilities Engineering Command (NAVFACENGOM), other Goverrment
agencies, and the private sector. This handbook was prepared using, to the
maximm extent feasible, national professional society, association, and
institute standards. Deviations from this criteria, in the plaming,
engineering, design, and construction of Naval shore facilities, cannot be
made without prior approval of NAVFACENGOOM HQ Code 04.

Design cannot remain static any more than the functions it serves or the
technologies it uses. Accordingly, recammendations for improvement are
encouraged and should be furnished to Comanding Officer, Naval Facilities
Ergineering Command, Southern bivision, Code 04A3ES, P.O. Bax 10068,
Charleston, S.C. 29411-0068, telephane (803) 743-0458.

THIS HANDBOOK SHALL NOT BE USED AS A REFERENCED DOCUMENT FUR PROCUREMENT OF
FACILITTES CONSTRUCTION. IT IS TO BE USED IN THE PURCHASE OF FACILITIES
ENGINEERING STUDIES AND DESIGN (FINAL PLANS, SPECIFYCATIONS, AND QOST
ESTIMATES) . DO NOT REFERENCE IT IN MILITARY CR FEDERAL SPECIFICATIONS OR
OTHER PROCUREMENT DOCUMENTS.
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MECHANICAL ENGINEERING CRITERIA MANUALS

Plumbing Systems
Incinerators

(proposed)

Heating, Ventilating, Air Conditioning, and

Dehumidifing Systéms
Refrigeration Systems ‘for Cold Storage
Compressed Air and Vacuum Systems
Central Heating Plants
Fossil Fuel Power Plants

(proposed)

Exterior Distribution of Utility Steam, HTW,
CHW, Fuel Gas and Compressed Air

Elevators, Escalators, Dumbwaiters,

Access Lifts, and Pneumatic Tube Systems

Noise & Vibration Control for Mechanical

Diesel Electric Generating Plants
Thermal Heating Plant Controls

(proposed)

Solar Heating of Buildings & Domestic Hot Water
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MECHANICAL ENGINEERING CRITERIA MANUALS

CRITERIA PREPARING
MANUAL TITLE ACTIVITY
DM-3.14a Power Plant Acoustics (Tri-Service) ARMY
DM-3.15 Air Pollution Control Systems/Boilers ARMY

and Incinercators (Tri-Service)

DM-3.16 Thermal Storage Systems HDQTRS
MIL-HDBK-1003/17 Industrial Ventilation Systems HEESA
MIL-HDBK-1003/18 Central Building Automation Systems ARMY

MIL-HDBK-1003/19 Design Procedures for Passive Solar Buildings CESO

Note: Design manuals, when revised, will be converted to military handbooks

and listed in the military handbook section of NAVFAC P-34.
This handbook is issued to provide immediate guidance to the user.

However, it may or may not conform to format requirements of

MIL-HDBK-1006/3 and will be corrected on the next update.

vii
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Section 1: INTRODUCTICN

1.1 Soome. Data and criteria nrovided in this handbonok amnly to the

- & L e R b e

design of dlael-electric generating plants for naval shore activities for
prime ard standby/emergency duty. Oonsiderations for incorporating the
cogeneration of steam and/or hot water to satisfy export heat loads, or to
generate additional electric power, are addressed.

1.2 Diesel-Electric Generating Plant Types. This handbook addresses
stationary diesel-electric generating plants of two duty types: Prime Duty
and Standby/Emergency Duty electric generating plants. Duty types and the
electrical loads which are served by each are addressed in Section 2.
Qudarx:efarplanmn;thedemgnlsprwidedmmvmcm-dm Electrical
Consid , Section 3; and in the
National Fire Protection Association, (NFPA) No. 70, National Electrical

Oode, (NEC) .
1.3 Definitive Designs and Guide Specifications. The Navy has prepared

several definitive designs and quide specifications for stationary
diesel-electric generating plants which are summarized in Table 1 as to
capacity ranges in kilowatts (kW), corresponding guide specifications, and
definitive designs for each duty type.

Table 1
Summary Diesel-Electric Generating Plant NAVFAC
Definitive Designs and Guide Specifications
for Duty Types and Generating Capacity Ranges

ive Cuide !

Duty Cenerating Definitive = Guide
Type Capacity Design Number Specification
Prime 10 kW to S00 kW None Available NFGS-16208
501 %W to 2500 kW * Design 1 NFG5~16202
2501 kW and larger Design 2 NFGS-16203
Standby/ 10 ¥¥W to 300 kW None Available NFGS-16208
Emergency 301 kW to 1000 kW Design 3 NFGS-16204
1001 kW to 3000 kW Design & NFGS-16205
1.4 Usage: Definitive designs are available for both prime duty and
far standby/emergency cuty plants (refer to NAVFAC P-272, Definitive Desians
for Naval Shore Facilities, Part II). Naval Facilities Guide Specifications

(NFGS) have been prepared for each design. Guidance contained within this
handbook may be used to tailor definitive designs and guide specifications.
The additional Naval Facilities Guide Specification, NFGS-16208, Diesel

hﬂml.n_'e_{;e*mqwr_s‘et_g 10 I +n 500 g 'Dr\m Dty "rnf-e nrﬂ 10 KW o 00 KW
Standby/Emergency Duty Units, is available without a definitive design. This
gquide specification is intended for use where standard commercial units are
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to be procured one or two at a time as part of a building construction
project or for single unit replacements. Note that definitive Design Number
4 and the associated NFGS-16205, Power—Generating Plants, Diesel Electric
(Desion 4) 1001 KW to 3000 kW Standby/Emergency Duty Units, is not intended
for standby/emergency duty generating units above 3,000 W in capacity.

1.4.1 NAVFAC Definitive Drawings. Unless otherwise listed drawings apply
to all designs (i.e. 1, 2, 3, and 4). Title of applicable drawirgs are given
below as follows:

1403463 - Symbol Legerd

1403464 - Operating Floor Plan, Design 1

1403465 - Basement Floor Plan, Design 1

1403466 - Buildirng Isametrics and Section, Design 1
1403467 -~ Cperating Floor Plan, Design 2
1403468 - Basement Floor Plan, Design 2
1403469 - Building Isometrics and Section,
1403470 - Ope.ratmg Floor Plan, Deﬁign 3

o L= L . T

Des
1403471 - Building Isametrics and Section, Design 3
Des

1403472 ~ Operating Floor Plan, Design 4
1403473 - Building Isametrics and Section,
1403474 - Typical Wall Sections
1403475 - Miscellaneous Details
1403476 - Iubricating 0il System Flow Diagram, Designs 1 and 2
1403477 - Lubricating 0il System Flow Diagram, Designs 3 and 4
1403478 - Fuel 0il System Flow Diagram, Designs 1, 2, and 4
1403479 - Fuel 0il System Flow Diagram, Design 3
1403480 - Radiator Cooling System Flow Diagram
1403481 - Tower or Natural Cooling System Flow Diagram
1403482 - Campressed Air and Space Heating Flow Diagram
1403483 - Miscellanecus Mechanical Details
1403484 - Primary Electrical One-Line Diagram, Designs 1 and 2
1403485 - Primary Electrical One-~Line Diagram, Designs 3 and 4
1403486 - Station Service System One-Line Diagram, Designs
1 ad 2
Station Service System One-Line Diagram, Designs
Jad 4

1403487
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Section 2: POLICY

2.1 Diessl-Flectric Generating Plant Degiem. Diesel-electric

e L A

genamtmgplamsshanbedeslgnedtosausfyeitherprinecmtyor
standby/emergency duty electrical service requirements in fulfilling the
temporary or permanent mission of a naval activity at the lowest life-cycle
cost. This handdbook is not intended for portable generating units.

2.2 Sources of Electric Power. Naval activities will normally be
provided with several scurces of electric power. Sources include commercial

and govermment-owned electric generating plants. The mumber and types of
sources required depend on the mission of the facility, activities taking
place there, and the existing equipment. Specific design criteria for
various types of facilities are referenced in their design mamials. Guidance
for sizing, calaulating electric loads and requirements for specific design
feat:xresaremtauedinthisharﬂbookarﬂinmwncm% 01, Electrical

2.3 Duty Types and Iocads. Stationary diesel-electric generating plants
are separated into two duty types for design: Prime Duty and
Standby/Emergency Duty.

2.3.1 Prime Duty Electric Generating Plants. Prime duty electric

generating plants are designed for contimious service and are sized for peak
electrical demand during normal peacetime operations. Contimious service is
defined as operations exceeding 4,000 hours per year or when a plant is nun,
ar plarmed to be run, mare than 40,000 hours within the initial 10 years of
operations. A generating plant is also considered to be prime duty if it is
the only source of electricity, regardless of the operating schedule.

 Standby/Prergency Duty. Any generating plant operating fewer hours

a ic rymaidaresAd a ckarydng fomaremrear sy nlande
el e A WAL B A eiiad, el LA P Wwldd “HJ, u&m‘gl—l HJ “UJ H‘-u‘ A

aslcmgasitisnctalsothepr source of electric power. Several types

sized to satisfy nnbih.zatimaxﬂamrqencyloads in the event of an outage
of the prime source of power.

2.3.2.1 standby Flectric Source. The standby source of electricity for a
facultymsizedforﬂmmnummessamml operating load. when added to

the capacity of the prime source of electricity, the combined generating
capacity mist be sufficient to serve the estimated peak electric demand under
mobilization conditions.

2.3.2.2 PEmergency Electric Source. The emergency source of electrical
power is to provide electrical service to vital operations whenever there is

an interruption of the prime source of electr1c1ty Vital operations are

those activities wherein an interruption in electrical supply can be
tolerated for only a rela y short period. For certain operations, the

Sl labeil LWL Wil =" 1 ‘ LY e st
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permissible interruption may be as long as 4 hours; for others it is only a
few seconds.

2.3.2.3 Uninterruptible (No-Break) Power Supplies. Uninterruptible Power
Supply (UPS) systens are required for ‘certain electronic equipment and for
other equipment performing critical functions which cannot tolerate any power
interruption. An UPS system provides contimuocus disturbance-free (requlated)
electric power and contauls a battery bank which "floats-on-the-line."
Standby, /e:m:u:geu.:y diesel-electric generators are provided to backup such
systems, since battery installations normally are sized to supply power for
not more than 15 mimites.

2.3.3 Flectrical Ioads. Facility electrical loads, defined in NAVFAC M-
4.01, are categorized for each electrical source.

2.3.3.1 Primary Ioad. The primary load, which includes the critical load,
is the peak electrical demand under peacetime conditions.

2.3.3.2 Minimm Essential Operating Iocad. This constitutes the minimm
electric load necessary to support absolutely essential operations.
Illunination is reduced to the bare minimum; all convenience and cother loads
are suspended. Refer to NAVFAC IM-4.01 and to the National Fire Protection

hcl:nﬂlatlcn“' L"E'- {(NFPA) No. 70 National “*ec‘t'r1r-n'l Onde fN'FY‘\ Articles

[RAT S WAL LS Vooabiieatod KA

517, Health Care Facilities, 700, Emergency Systems and 701 Leqallv Reguired
_s_t_am for spec1flc criteria and guidance in determining this load.

2.3.3.3 Vital tion ds. Vital operations are defined as those
activities where an outage will cause the leoss of the ability to perform
primary missions. The loss of the ability to satisfy these loads could
result in disastrous situations or in extreme safety hazards as campared to
minor disruptions and incorwveniences.

2.3.3.4 Critical Ioads. The critical electric lead is that part of the
electrical load which requires contimuous quality electric power. Examples
include facilities such as hospitals, dry docks, shipyards, cold-iron
support and those facilities with camputers or electronic equipment, as
fourd in data processing and cammications centers.

2.4 Planning Considerations.
2.4.1 Methods of Satisgx_lim Electric Ioads. The following alternate
[ T, S PO H P R T P P ST -]

methods of satisfying electric locad demands should be considered:
a) rehabilitation of existing equipment,

b) replacement of existing installations,

c) new installations,

d) consolidation of electric generating installations,

e) modernization,
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f) cogeneration,

g) mltiservice possibilities, for example, one electric
gererating plant to serve more than one installation, or

h) goverrment versus commercial ownership and/or operations of
facilities.

facility types and systems:
a) actnal loads, such as electrical lighting, miscellaneocus power,

| TP s Lt ] debend ca s de { e
I [ LelL gl:!.[d(..l.u.ll, ELL- y QUERL UIRSAL uu.l.dt...l.ull,

b} mobilization requirements,
c) future expansion plans,

d) permanence of the electric generating plant and the facility
which it serves,

e) standby/emergency electrical loads and requirements,
f) potential for cogeneration applications,

g) utility rate structure,

h) contimous integrity of utility service,

i) effects of planned energy conservation measures, and

ol ric genorating arta,

il nmact avroriornve with n
, r-—'h el b ,\-—l wﬂ r&wlu—v

<
.

2.5 Cammercial Versus Goveryment Owpership (Prime Puty Only).
2.5.1 m@_g@;s_h;p. Camercial sources (electric utility

campanies) shall be utilized for the prime source of electrical power unless
it can be proven that it is necessary or more economical for the Goverrment
to perform the service. The possibility of inducing private industry to
urdertake the operation must be examined before Government ownership may be
considered.

2.5.1.1 Third Party Financing. Third party furding of major facilities
energy systems shall be vigorously pursued for facilities within the United
States. (Refer to DEPPM 85-3, Defense Energy Program Policy Memorandum,
Third Party Runding of Facilities Frerqy Systems). A major facilities energy
system is defined as a project affecting 50 pe.rcentormreofaplantmth
thermal eneryy input of 100 million British thermal units (Btu} per hour (h)
or more. Third party funding consists of contracting with a private sector
firm for the construction, operation and maintenance of a major facilities

BT om lrwatoed Amo oA Dafance 1ne0-n"l'lnf-'inn
e el N

iy auct
HH“J HJUM e N Wil WAl B A A il b il § oA
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2.5.1.2 Coordination with Other Agencies. The Department of Housing and
Urban Development (HUD) is coordinating third party financing of district
heating systems to revitalize economically depressed inner urban areas. HUD
has a program of matching block grants to assist municipalities in attracting
private capital. In urban areas near Defense facilities, HUD would like to
have the facility eneryy requirement be considered as a possible "base load"
of such district heating or cogeneration plants. The policy of the
Department of Defenhse states that, cooperation with, and support of, such
beneficial programs sponsored by other Federal ard 'lcra] agencies s_hou]d
given within the bounds of the mstallatlon s legal authority and with
primary consideration given to contimued, reliable mission support. The
initiator of any third party contract should contact the local HUD regicnal
office. The military department entering into a third party contract, must
coordinate with the local utility provider to minimize any adverse rate
impact on their customers and prevent infringement upon the utility company’s
franchise rights to serve the area.

2.5.2 Govermment Ownership. The Govermment shall own ard operate its own
source of electric power if justified by any of the following factors:

a) Comercial sources of electric power and personnel are either
not available or are not of sufficient generating capacity or proximity to
meet the load demards.

b) Economic studies indicate that substantial savings to the
Govermment will result from owning and operating an electric generating
plant. Econamic studies shall use the true cost basis (including all
allocatable items of overhead ard perscnnel, ard a deprec1at10n and
maintenance fund for equipment replacement and repair) in evaluating
Goverrment ownership. Only those costs which would remain unchanged,
regardless of whether the services were owned or purchased, may be neglected
in these analyses.

c) Abnormal or fluctuating military electric demand, necessary to
meet current and mobilization requirements, that has discouraged private
investment may justify Goverrment ownership.

d) m‘ram ﬂ‘!z\a'—s'r\‘lp lla:,' T J“Btlf A e !f}nf\ﬁ +=lhoarem e dfl:“‘-naz\ﬂ e

camplete command control to avoid compromising highly classified security
information.

e) The need for complete demilitarization prior to final disposal,
of certain types of military equipment may justify Goverrment ownership.

f) Other reasons clearly demonstrating a particular Govermment
owned electrical power generation activity to be in the public interest may
justify a Goverrment ownership.

2.6 Fuel Selections. Refer to Department of Defense (DOD) 4270.1-M
Construction Criteria Mamual, Section 9-1, for policy as to selection of
fuels for diesel power plants. The initial or primary fuel shall be the cne
that is the most econcmical in operation consistent with availability and air
pollution cantrol requirements. All factors should be considered, such as
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the life—cycle costs of construction, plant operation, procurement, handling,
ard the firing of fuel. The capability and/or space to retrofit alternmate
fuel accessories should be provided with the initial design and construction
where the chance exists of losing the source of primary fuel.

2.7 Reliability apd Maintaipability. Diesel-electric generating plants
should be designed to maximize operating reliability and ease of

maintenance. Space must be provided around equipment and caomponents for easy
access. Qantrols should be provided in miltiple unit installations to
prevent maintenance activity taking place on ane unit fram interfering with
operating units., Spare diesel-engine generator sets are required for
electric generating plants in accordance with the applicable duty type
criteria. Packaged electric—generating units may be considered for
stand-alane installations but they must camply with applicable criteria.

2.8 Econcmic Studies. All new or modified plant construction proposals
shall consider suitable altermative methods to determine the most beneficial
or cost-effective method of accmrplxslment All ecanamic analyses shall
follow the policy as cutlined in SECNAVINST 7000.14, Econamic Analysis and

tion of Na . Life-cycle cost analyses are
required for economic analyses. For information and guidance in performing
lifecycle cost analysis refer to NAVFAC P-442, Economic Analysis Handbook.

2.8.1 Economic Study Requirements. An economic study is required for:
a) evaluating Goverrment versus cammercial ownership,

b) evaluating third party funxing of electric generating
facilities, (DEPPM 85-3),

c) investigating cther electric-generating technology, such as gas
turbine-generators versus diesel—-electric generation,

d) evaluation of cogeneration applicability, and

e) evaluating various design altermatives ance a specific
technology has been selected. Such evaluations may include the selection of
a cooling system type or determining the mmber of generator sets to install
within a single electric generating plant.

2.8.2 Level of Analysis Required. Evaluation of Govermment versus
cammercial ownership shall be conducted using life—cycle cost analysis Class
1, "Fundamental Plamning Analysis" Type II, as defined in P—442. Also see
DEPPM 85-3 for guidance and life—cycle ec::namic analysis requirements in
evaluating third party funding. All other economic studies shall use the
life-cycle cost analysis Class 2, '"Design Analysis" methodolegy, as defined
in P-442.

2.8.3 Life=Cycle Bidding. Life—cycle cost analysis shall be strongly
considered for evaluation of bid quotations for prime duty diesel-electric
generating plants. For detajls amd guidance in preparing specification
lanquage, cantact NAVFACENGOOM, Southern Division, Code 403.
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Section 3: INFORMATION REQUIRED FOR DESIGN

3.1 Introduction. This section defines the data that must be developed
to establish engineering design bases and to evaluate between variocus design
and ownership alternatives.

3.2 Electrical Ioads. Electric loads should be determined carefully to
size electric generating plant components properly. The duration and
variation of electric loads should be determined to provide inputs to
required life—cycle cost analyses and for various clauses when tailoring
NAVFAC guide specifications, (refer to Section 1) for procurement purposes.

3.2.1 Electric Ioad Determination. To determine the electric load that
the plant must satisfy, utilize the load estimating data described in NAVFAC

M-4.01, Electrical Engineering, Preliminary Design Considerations. For

retrofit projects, the local utility may be able to supply load duration.
curves from actual metering records.

3.2.2 Typical Electrical load Curves. Figure 1 is an example of a
typical electrical load curve.

3.2.2.1 Growth Curve. Inqum:el(a),notethenomaltretﬂofgrwmin
electric demands and the additional loads {steps} when new buildings or
processes are added. Develcpment of this data and preparation of the growth

curve is useful in timing additions to power plant generating capacity.

3.2.2.2 Average 24-Hour Ioad Curves. The average of daily electrical
demands in Figure 1.(b), showing 24-hour variation in seasonal demands, is
very important. Such curves are useful in determining lcad factors, the
duration of certain demands, and in dividing the total electric load among
plant units. This mformatlon is a necessary factor in life—cycle cost
analyses to be conducted when selecting among alternative designs amd
equipment configurations.

3.2.2.3 Anmual Ioad Durations Curves. Plot the duration in hours, of each
load during a year for both present and future load conditions. The type of
curve shown in Figure 1(c) is useful in determining load factors and in
sizing electric generating plant equipment. Information from this curve is
also used in required life-cycle cost analyses. Durations of plant electric
loads at full load, three—quarters load, and at one-half load is a required
input for tallormg NAVFAC guide spec1f1cat1cms

3.3 Duty and Capacity Requirements for Electric Generating Plants.
Sources and duty types of electric generating plants are defined in Section
2. Table 2 summarizes capacity requirements as related to each duty type.
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Figure 1
Typical Diesel-Electrical Generating Plant Load Curve

3.4 Plant Iocation Factors. Electric generating plant location should
be determined after evaluating those factors summarized in Table 3.
3.5 Cogeneration Information. Design of a cogeneration system requires

utility engineering and thermal load data.

3.5.1 Utility Data. Engineering data needs consist primarily of defining
requirements forinte.mm'mectingwiththeutllitygnd Rate schedules are
needed for the required life—cycle cost analysis.
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Table 2
Summary of Duty and Capacity Requirements

Duty Duty Capacity
Type Capacity Provision

Purchased commercial
electrical power to match
Adequate to meet all eleceric load
peacetime requirements or
Prime duty electric
generating plant

Prime Duty

Adequate, when added to
prime duty source, to

match mobilization Purchased commercial

needs electrical power
Standby/Emergency and alone with
Duty-Standby PR

to supply minimum essen- astandby/emergency duty

tial electrical load in electric generating plant

case of & prime scurce

outage.

Adequate to supply that
part of the critical
load rhat may not be
interrupted for more
than & hours.

Standby/Emergency
Duty-Emergency

Standby {emergency
electric generating plant

3.5.2 Ioads. In addition to electrical load information, information
concerning thermal loads must be developed. Table 4 summarizes thermal load
considerations. High and low temperature or pressure loads should be
tabulated separately.

3.6 Checklist for Facility Interfaces. Table 5 is provided as a form
the designer may fill out and use for easy reference to important design
parameters. Guidance for completing the form is provided in the following
paragraphs based generally on criteria or data given in Section 5.

3.6.1 Engine.

3.6.1.1 Engine-Generator Set Duty. Indicate the electric generating plant
duty: Prime Duty or Standby/Emergency Duty.

3.6.1.2 MNumber of Diesel Emgine-Generator Sets. Enter the rumber of sets
of equal generating capacity to be installed. Justification must be
furnished for use of more than one size. When more than ane size is to be
installed, prepare a separate check list for each size armd indicate on each
of the forms that there are additional sheets.

3.6.1.3 Generation Rate. Indicate the design load in kilowatts per
diesel-engine generator set.

10



Downloaded from http://www.everyspec.com

MIL~HDEK-1003/11

Table 3
Diesel-Electric Generating Plant Design and Location Factors

lten Sub-ltenm Co=oents
Clioate Maximun snd ginicun Affects structural and heating end ventilating criteria.
dry buld; maximun wet Affects oclection of engine suxiiiaries and the rating
bulb temp. Heating and of the generator units.
cooling degree days. Affocts architectural design of the plant.
Max{mun and oinioum Affects heating aad structural criteria.
wind velocity.
Altirude Height above ses level. Affocts air denscity, stack heights, engine rotingo,

Site orientation

Uater supply

Topography

Locsl material and
labor

Local rules and
regulatiocas

Safety and securicy
protection.

Fue! aad lubricat~-
ing oil supply

Plant interior

Plant exterior

Maximun high-water and
lov-water levels.

Center at londs

Alr field

Docks, roilroads and.
rosdas.

Jacket and other cooling,
askeup water and domen-
tic water.

Site grades

Soil-bearing value

: Vater cable

Frost line
Cathodic analysia
Seismic condition
Future expansion
Availabilicy
Availability

Air pollution, water,
sevaers, and fuel storoge.

Bulk and local storasge,
clean and dirty lube oil
storage, transfer
pipelines, tank truck
toadiag and unlosding
facilicies.

Space and acceos dioen-
sions,

Building function

Architecture

punp charecteriotics, sod auxiliary equipoent ratings.
Affects floor levelo, puap suction lifts azd founda-
tiono,

Affects
Affects
Affecta

voltage drops in circuits.
otock heights ond bozardp.
tronoportation of fuel and materials,

Affects water troatoent and filtering
requirenents.

Affects selection of cooling system types.

Affects architecture and structure, and floor levels,
fuel handling, and droinage.

Affects otructural foundstions.

Affocts drainoge and underground pipe distridbution.

Affects depth of woter and sewer lineo.

Affects cothodic protection requiremente.

Affecty type and design of structurs and cupports.

Affects allocation of space in and sround plant for
expangian.

Affects caterials of construction and opersting man-
povar,

Obtain permite.
See DM-1 Series

Affects plant location and orientation and site area
requiremeats. Check local codes regarding double
containment for oil storage and transfer pipelines
for buried portions of systeno.

Affecte oysten configuration versus component sires.

Affects availability of package systens and systen
coaponenta. Affects acoustical requirements of poise
ganerating equipoeat.

Coapotibility with ostation oission, prevalent construc-
tion materisls, colors ond design motif of area.
Architectural screening requireoents for mechanical
and glectrical cooponento. Affects acoustical require-
ments of noise generatiang equipment to nearby turround-
ing buildinge, such as sleeping quarters, hospitals,
etc.

3.6.1.4

Rotational Speed. The maximm allowable rotational speed in

revolutions per mimite (rpm) for the duty and generator set capacity desired
should be indicated in accordance with applicable criteria.

11
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Table 4

Thermal Ioads for Cogeneraticon Considerations

Types of
Thermal Loads

Loads To Be Determined in Thousands
of Btu-Per-Hour (Determine Winter
and Summer Loads Separately)!

Condensing turbine drives

Process or plant equipment drive sizes.

Plant auxiliaries Fuel-gil heating, feedwater heating capacity.

Export Space heating (radiation)}, Use divereity factor of 1.0.
Space heating (ventilation). Use diversity factor of 0.8.
Utilities (hot water and laundry). Use diversity factor of
0.65.

For kitchens use a diversivy factor of 1.0.
Refrigeration {compressor ateam turbine drive).
Refrigeration (absorption type).

Process demands.

Distribution loss.
Total preaent load Total of mbove thermal loads.

Determine from total present load with addition of planned
future loads.

Total ultimate load

Minimum continucus loads Distribution losses.

_________ 1

Emergency load Demand of services that cannot tolerate an interruption of

more than 4 hours,

THours of demand for each load, multiply Btu-per-hour by 1.055 to obtain Joules-per hour.

3.6.1.5 Engine Size. Calculate the approximate engine size in horsepower
(hp), based on an assumed generator efficiency of 92 percent. The resulting
value is an indication of the largest engine that is likely to be provided
since most generators have efficiencies of 92 percent or higher. Units of
less than 100 kW may have lower efficiencies. Large units may have
efficiencies of up to 96 percent. Allowance mist be made for parasitic power
of auxiliaries to arrive at the net generating output for each unit.

3.6.2 Fue] System.
3.6.2.1 Fuel Rate. The fuel rate deperdds on the particular diesel engine

characteristics and the specific load which it will serve. As a
rule-of-thunb, assume a fuel rate of about 10,250 Btu per kilowatthours (XWh)
which represents an efficiency of about 33 percent for the diesel-engine
generator set. This value should be refined as the design progresses. Data

fran manufacturers of qualifying equipment should be used.

3.6.2.2 Storage Tank Volume. Calculate the volume in gallons (gal) of
recuired fuel storage based on criteria requirements for the applicable duty
type ard on the above fuel rate and load. Storage tank volume shall be based
on total plant capacity and the load-duration.

3.6.2.3 Day Tank Volume. Calculate the day tank volume in gallons, based
on criteria requirements for the applicable duty type.

12
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Table 5
Checklist for Facility Interface

Rule of Thunmb
Iten or
Minipuna Criteris

Engine~Cenerator Sat Duty {Prioe) (Standby/Ecerpency)
Huober of Diesel-Generator Sets
Generation Rate kW
Rotation Speed r/oin
Engine Sice hp
Fuel Rate Btu/kWh
Fuel Rate Ral/h
Storage Tank VYolume _gol
Doy Tank Volume gol
2 cycle 4 cycle
Combustion Air ftd/ain ftd/ain
Maxioun Intake inli20 icH20
Restriction -
Exhavot ft3/ain ftd/ain
Beu/h Btu/h

Cooling Medium

Water/ Min 1/ X
Cooling Water Pump:
Flow Rate galfain
Total Discharge Heaod feet
Leaving Water degrees F
Ceeling Yatsr Rises degrees F
Total Heat Bejection Rate: Btu/h
Engine Jacket Btu/h
Lubricating Oil Cocler Beu/h
Intercooler . Btu/h
iHeat Radiated froo Engine-
Cenerator Set Bru/h
Design Acbient Temperature:
Outdoor degreep F
Roon, Maximun degreeco F
Maximus Rise degrees P

3.6.3 Induction (Combustion) and Exhaust Air.

3.6.3.1 Combustion Air. Calculate the air flow rate in cubic feet per
mirnrte (cfm)+ using applicable data.

3.6.3.2 Maximum Intake Restriction. Obtain intake air restriction limits
from diesel engine mamufacturers in inches of water (inches WC).

3.6.3.3 Exhaust. Calcalate the volumetric flow rate and heat loss based an
applicable data and on exhaust gas temperatures available from diesel erngine
mamufacturers.

13
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3.6.4 Cooling Systems.

3.6.4.1 Cooling Medium. Record whether the cooling fluid is water or a
mixture including water and an additive. Specify the additive and provide
the mixture concentration in percent.

3.6.4.2 Cooling Water. Enter the flow rate of cooling water needed to cool
the engine in galleons per mimite (gpm). Also record the leaving water
temperature and the temperature rise allowed for the engine. These
parameters may be cbtained fraom the diesel engine marufacturer.

3.6.4.3 Heat Rejection. The diesel engine manufacturer can provide design
data concerning the rate of heat rejection from the engine jacket, lubricant
cooler and from the turbocharger aftercooler.

3.6.5 Generator Roam.

3.6.5.1 Heat Radiated from the Engine and the Generator. The engine
manufacturer can supply the rate at which heat is radiated from the engine.

A value of 7 percent may be used until more refined information is
developed. Consider that most large generators have an efficiency of at
least 96 percent. Utilize a 4 percent value of the generator’s kilowatt
rating converted to Btu’s for the heat radiated fram the generator. For
smaller units increase the percent as appropriate.

3.6.5.2 Design Ambient Temperatures. The outdoor design temperamre for
ventilation of the generator roam is found in NAVFAC P-89, Ergineering

Weather Data. Refer to applicable criteria to determine the inside design
temperature and maximum allowable temperature rise. Outdoor dry and wet bulb
design temperatures will be required for the selection of coolirg towers and
air corditioned spaces, and dry bulb temperatures for the selection of
radiator type engine cooling.

14
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Section 4: OCOGENERATION QONSIDERATICNS

4.1 Introduction. Cogeneration is the similtaneous on-site generation
of electric energy and process steam or heat from the same plant. “Use of
heat recovery can increase overall efficiency of diesel-electric generation
from around 33 percent, which is available for most diesel engine-generators,
to a theoretical 75 percent. Heat which would otherwise be wasted is
recovered for use in building heating, ventilating and air conditioning
systems and, in special cases, to generate additional power. Process thermal
loads can also be served where practicable. Guidelines for assessing the
potential for cogeneration, the ciramstances when it should be cansidered,
and discussions on the types of equipment to utilize are addressed in the

following paragraphs.

4.2 Design Considerations. Cogeneraticon applications should be
considered for all new designs of prime duty diesel-electric generating
plants. Oogeneration may be considered for existing plants if proven
economically viable. Standby/emergency plants will rarely justify use of
cogeneration, although in same cases heat recovery systems may be
ecaornxmical. Packaged cogeneration units may be considered for stand-alone
installations; however, the system and camponents must comply with the
applicable criteria.

4.2.1 Fuel Availability. Fuel availability should be assured for the
life of the project.

4.2.2 Load Sizing Criteria. The following criteria shall be used in the
design of cogeneration installations:

4.2.2.1 mw&; Electric and thermal loads should be
contimious to satisfy economic criteria. Only limited fluctuations in

harmal 'In:rie are revmi o] n-n'locq nr]oﬂnni‘a tharmal ctnarane couctome or

standby boilers are provided.

4.2.2.2 load Balanpce. The electric load should be in reasonable balance
with both the heating peak and average lcad. The ratio of peak to average
load for cogeneration installations should be in the range frum 2:1 to 3:1.

4.2.2.3 Load Coincidence. Time and quantity demands for electric power ard
thermal energy should have a coincidence of not less than 70 percent.
Coincidence is defined as the ratio of the maximm coincident total demand of
a group of loads to the sum of the maximm demands of individual loads
comprising the group, both taken at the same point of supply at the same
time.

4.2.3 Prime Mover Sizing. Size the cogeneration prime mover for heat
recovery equivalent to S0 to 75 percent of the maximm thermal load.
4.2.4 Thermal Product Properties. Design cogeneration installations

procducing steam and/or hot water as thermal products and to provide these
products at the same pressures and temmeratures as existing distribution.

& - - T = - & - - T - - & o T T T T e
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4.2.5 Power Sales Agreements. Power sales agreements made with utility
campanies shall be in the "Surplus Sales" category wherein only the power
generated in excess of facility demand is sold to the utility. Design of the
facility ard negotiation of the power sales agreement should reflect Navy
policy which is to reduce utility costs rather than to seek profits from the
private sector for cogenerating. Other arrangements are possible where all
the electric power generated is sold to the utility at a price based on the
utility’s highest unit cost of generation and is purchased back from the
utility at a cost lower than that at which it was sold. These types of
arrangements should be explored for commercial ownership options as covered
in Section 2.

4.2.6 Site Adaptability. Building, site, and facility utility systems
mist be comatible with adaptation required tn accammodate cogeneration

equipment. Adequate space rnust be avallable For large plants a minimm of
5,000 sq ft (465 sqm) to 7,000 sq ft (650 sq m) should be allocated in
preliminary planning stages.

4.2.77 Electric Utility Grid Interconnection.

4.2.7.1 United States Iocations. The local utility must allow cogenerators
to interconnect with their supply grid.

4.2.7.2 Foreidn Iocations. Situations in foreign locations must be
determined individually. Where such intercomnections are not allowed, it may
be possible to isolate varicus loads for a dedicated cogeneration facility.

4.2.8 Grid Protection Requirements. Grid protection/interconnection
equipment and ownership requirements vary depending on the Power Sales
Agreement negotiated with the utility. The local utility should be contacted
very early in the design concept stage because requirements differ
significantly. Utility companies may provide assistance in planning
facilities.

4.3 Heat Recovery Applications. Heat recovery is the process of
extracting heat from the working medium or mediums, such as diesel engine
exhaust gases, and transferring this heat to a source of water, air, etc.

4.3.1 Sources of Waste Heat. Heat may be recovered frum engine jacket

and lubricant cooling systems and from the exhaust gases. Table 6 indicates
the potential for product heat recovery fram each source. Theoretically, all
of the jacket and lubricant cooling water heat can be recovered; practically

L v o ~ry A x Yoy rrn =) WY
in most cases only about one-half will be reclaimed to provide useful work.

Although applications are limited, direct use of the exhaust gases for
product drying, etc., can increase overall efficiency about 12 percent.
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Table 6

Summary Heat Balance: Oogeneration Using
Diesel-Engine Generators

Withuut Cogeneration With Cogeneration
(Percent of Fuel Ilnput)
Iten Uoe ful Uoeful "

oefu oafu eat

Work Losceo Work Recovered Losses
Diesel Engine/Generator Set 33 33
Jacket and Lubricant 30 15 15

Cooling Waters
Exhoust Cao 30 12 18
flodiation Losges 7 "1
Totals 3 67 33 27 40
Overall Efficiency 32 60
4.3.2 Design Priority. The first responsibility of the jacket and

lubricant cooling system design shall be to cool the engine; heat recovery
equipment is of secondary importance. Silencing the engine is also of
secardary importance unless the engine is located ocutside the building close
to a quiet zone, e.g., sleeping quarters. All heat recovery installations
should provide alternate, conventional systems to reject heat from jacket and
lubricating oil cooling media (see Figure 2).

4.3.3 Heat Jacket i Cooli

4.3.3.1 Hot Water Systems. Recovery of waste heat from jacket coolant is
the preferred method of heat recovery. Heat recovery from the lower

temperature and flow of lubricant coolant may also prove economically

justified. Heat is recovered via heat exchangers to secandary loops (see
Figure 2). The engine coolant loop must be a closed system. Recovery of
heat fram lubricant oil coolers is accomplished in the same fashion. These
hot water systems can be combined with an exhaust gas heat recovery boiler

into an integrated system.

4.3.3.2 Steam Systems. Jacket coolant leaving the engine is piped to a
heat recovery boiler. The reduced pressure in the boiler and in piping to
the boiler allow jacket coolant to flash to low pressure steam. Steam is
returned from process uses to the engine coolant inlet as condensate.
Pressures must be controlled and engine cooling system must be carefully
designed to prevent boiling or flashing within the engine. A static head and
controlled steam pressure system is preferred over a pressure-reducing valve
or an crifice at the boiler inlet.
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4.3.3.3 Ebullient Systems. In ebullient cooling, a steam and

high-temperature water mixture are moved through the jacket by natural
c;rcu]..ation to a steam separator above the engine. Engine jacket water
clrcuits must be designed specifically for this type of cooling. The engine
marufacturer shall approve its use in writing. HEbullient cooling including
exhaust gas heat recovery is depicted in Figure 3. An auxiliary boiler is
not required, nor is a jacket cooling water circulation pump normally
required. An auxiliary boiler may not be needed when an exhaust gas heat
recovery boiler is used in conjunction with ebullient cooling because a
direct-fired section can be added to the heat recovery boiler. The use of

ehllient r‘t‘\'\li‘m enraobome mict Fivyeod lua avenveewrad baar MTATTEVA SYERT YRS
el atliL A0 FJ SOV LMoL LAl oL MO GpLUYVEd WY DNAVE AL

Headquarters.
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4.3.4 Exhaust Gas Heat Recovery. Exhaust gases discharged from diesel

generators range in temperature up to approximately 600° F (316° C) at full
load. The temperature deperds on the size of the unit, the fuel used, and
the cambustion cycle (i.e., 2 or 4 stroke engines). Larger engines operate
at lower temperatures. Exhaust gas recovery systems include the following:

a) Heat is recovered in the form of hot water or steam in a heat
recovery boiler which also acts as an exhaust silencer. These devices are
often referred to as "Heat-Recovery Silencers." Heat recovery boilers
receiving exhaust gas shall be designed to run dry when there is no thermal
load. Diverter valves shall not be used.

b) Hot water cogeneration is often preferred over steam systems.
Advantages include ease of process control, independent of operating
temperatures which are critical for low pressure/temperature steam
cogeneratian.

c) Same process confiqurations use heat recovered frum jacket and
lubricant cooling systems to preheat heat-recovery boiler feedwater amd fuel

oil.

d) Combined cycle applications are often used to generate
additional power and to produce hot water or to lower steam pressure for
usage.
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4.3.4.1 Supplemental Firing. Supplemental firing is not recamended for
most diesel englneeadmustgasheatrecoverysystems Supplemental firing a
heat recovery boiler is more often considered in cambustion turbine/generator
appllcatlms Supplementary boilers may be considered to accommodate the.mal
demands in excess of heat recovery boiler capacity. Thermal storage should
also be considered. '

4.3.4.2 Combined Cycle Applications. Combined cycle cogeneration using a
back-pressure steam turbine—generator is shown in Fiqure 4 and includes the

following:

a} Steam product from the heat recoverybo:.lerlse:-:paxﬂedthmm
a back-pressure steam turbine to generate additional power. The
ck—pressm'e turbine exhaust is used for heating, ventilating and air
canditioning applications or for other uses of low pressure steam.

b) Condensing steam turbines may be used to generate larger
amounts of power than are available from back-pressure turbines.

c) A technology that appears pramising for cambined cycle
applications is the organic Rankine cycle. Relatively low temperature
exhausts from diesel-engines limit carbined cycle applications of steam
turbine-generators. Substitution of an organic liquid, e.g., toluene, in
place of water for the working fluid allows a bottoming cvcle of h.mher
efficiency than a similar steam system to be employed.

4.3.5 Thermal Storage. The need for supplemental boilers may be cbviated
byusnmgthe.tmalstoragesystars Engine and heat recovery equipment are
mzedtoneetthemalloadssmnaherebetweenﬂmmmnmmarﬂpeakdemands
Hot water, and/or chilled water are pumped into separate storage tanks during
periods of low thermal demand. During periods of higher demand, hot and
chilled water are pumped from storage. The engine-generator set is run &
constant load. The utility grid operates as a sink for electrlc gemarat].on

2 d ) iy T
in excess of facility demand. Several utility campanies in the United States

now offer funding assistance for installing thermal storage systems. Refer
to NAVFAC [M-3.16, Thermal Storage, for design guidance on these systems.

4.3.6 Uses for Recovered Heat.
4.3.6.1 Hot Water. Hot water is produced in the range of 190° F (88° C) to
250° F (121° C) in jacket and lubricant cooling systems. Higher temperature
water is attainable from exhaust gas heat recovery boilers. End uses of this
hot water may include:

a) hot water for space heating applications,

b) - damestic hot water heating,

c) comercial (dining facility, laundry, etc.) hot water heating,

d) fuel oil preheating,
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e) sewage treatment plant sludge digester heating (engine fired on
digester gas), amd

f) process heating and hot water use.

g) high temperature hot water heating (and district heating)

h) absorption chillers, amd

i) additional power generation.
4.3.6.2 Steam. Steam, measured in pounds per square inch (lb/in?) or
kilograms per square centimeter (kg/cm?) is produced in heat recovery boilers
and is usually generated at about 125 1b/in? (8.79 kg/cm?) for larger
systems. It is possible to generate steam at higher pressures; however, the
highest operating steam temperature is limited to about 100° F (38° C) below
the exhaust temperature. The most cost-effective steam conditions for heat
recovery may be saturated 15 lb/in? steam (1.05 kg/cm?). Care must be taken
in design of heat recovery systems to insure that the exhaust temperature is
above the dew point. This usually limits the minimm exhaust temperature to
between 300° F (148° C) and 350° F (177° C). Economic analysis of design

options will assist in selecting the best confiquration. Same of the uses
for cogeneration steam are:

a) steam heating systems,
b) hot-water heating systems (through heat exchangers),
c) absorption chillers,

d) steam turbine drive and combined cycle applications (such as
compressor or generator drives),

e) back pressure turbines with steam exhausted to other uses,

f) condensing turbines with condensate cycled back to heat
recovery boiler feedwater, and

g) process steam uses.
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Secticn 5: DEFINITIVE DESIGNS FOR DIESEL-ELECTRIC GENERATING PLANTS

5.1 Definitive Diesel-Electric Geperating Plants. The Navy has several

definitive designs and quide specificatians for both prime duty and
standby/emergency duty stationary diesel-electric generating plants. Duty
types are defined in Section 2. Application of each definitive design and
quide specification to various engine-generator set sizes is provided in
Table 1 and definitive design drawings which apply are listed in Section 1.
Rotatianal speed and Break Mean Effective Pressure (BMEP) limits are
summarized in Table 7 for various unit generator sizes and duties.

Table 7

Do w-mmmeraed Tats ~ S e —
;mu;u;lulatlwl-‘.l = Ulli\.- Sth:::, Aﬁnlu.u.uu mwt.l.ur

Speeds and Break Mean Effective Pressure

h ]

Maximun Break Mean
Effoctive Preosura (lb/in?)

Engine Ouzput Maxicum Tvo-Stroke Four-Stroke
Claos Specified Rotacional
Speed Maturally Turbocharged Turbocharged Turbocharged
(r/oin) Aspirated Aftercooled Hot Afterccoled Aftercooled
10 W 1800 90 103 135 165
to 300 kW
oL kW 1200 - - 133 170
to 500 kv
Prime 501 xw 900 90 120 - 180
Duty to 1500 kW
1501 kW 720 90 130 -— 200
to 2500 xW
2501 kW 314 - - - 225

and larger

10 kW 1800 90 113 150 185
to 300 kW
301 kW 1800 90 120 - 200
Stendby/ to 1000 k¥
Energency
Duty 1001 k¥ 1200 - 130 - 220
to 2000 kW
2001 kv %00 90 140 -— 260
to 1000 xW

5.1.1 Modifications to NAVFAC Definitive Designs. Definitive designs
should be considered anly as a basis for design from which variations may be
made. Many alterations to meet the specxflc site requirements or local
corditions are covered by general notes in applicable NAVFAC Guide
Specifications which are listed in Section 1.
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5.1.2 Matching Definitive Designs to Ioad Demands. Develop design
concepts that satisfy electric loads in the most economic manner. Select the

definitive design with necessary modifications in accordance with the best
design concept. Use economic analysis methodology as addressed in Section 2
in accordance with life—cycle cost analysis methodology in NAVFAC P-442,
Economic Analysis Handbook. Evaluate all plausible deviations fram the
selected definitive design using the same economic analysis methodology.
However, NAVFACENGOOM Headquarters approval will be required for all deagns
deviating radically froam the definitive des19n

5.1.3 Definitive Design Plant Capacities. Definitive designs provide for
three initial engine-generator bays for prime duty and two initial bays for
standby/emergency duty plants. A future engine-generator bay is indicated
for all designs. Most plants will need to be expanded to satisfy future
electric loads. The definitive designs provide only for a single operating
unit; additional units are required to meet NAVFACENGOOM minimm reliability
needs. Provision of a single operating unit is not usually econamical.
Selection of unit capacities must consider varying electric demands. Plant
capacity must be selected to satisfy reliability criteria once the unit
capacity has been established.

5.2 Criteria_for Unit and Plant Capacities.

5.2.1 Nunber of Units. The mumber of units selected for any plant should
pruv1de for the required reliability and flexibility of plant operations.

The minimum mmber of units needed to satisfy these regquirements usually
results in the most economical and satisfactory installation. Utilization of
different sized engine-generator units in a plant must be authorized by
NAVFACENGOOM Headoquarters.

5.2.2 Reliability. Spare units are required to ensure system
reliability. Minimm reliability requirements are related to duty types and
criticality of loads.

5.2.2.1 Prime Duty. Two spare units are required, one for scheduled
maintenance and one for standby or spinning reserve.

5.2.2.2 Standby Duty. One spare unit is required for scheduled
maintenance. Another unit may be required for spinning reserve when
justified.

5.2.2.3 Emergency Duty. No spare is required in Continental United States
(OONUS) ; one spare unit is required for plants cutside of CONUS.

5.2.3 Flexibility. To provide for future growth, the firm capacity
(total capacity less spare capacity) shall be no less than 125 percent of the
maximm estimated electric demand. For an econamical operation, individual
generating units should be operated at least 50 percent of their rated
capacities to satisfy minimum or average demand. Consider prcvid_mg a split
bus (tie c1rcult breaker) to permit partial plant operation in the event of a
bus failure.
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5.3 Selection of Unit Capacity. An example of individual unit capacity
sizing based on meeting unit and plant capacity criteria is shown on

Table 8. Generally, utilize the National Electrical Mamufacturers (NEMA)

MG 1, Motors and Generators, standard sizes. Notice that the largest unit
size was selected in the example. Other factors, however, such as the type
of load served may affect optimal unit sizing.

Table 8
Bxample of Individual Generating-Unit Capacity Sizing 1

——r——

Systen Farameters

Estizated Denmanda: Firo Copacity Required:

Maxipuz = 2,400 kW 2,400 xW x 1.25 = 3,000 kW
Averoge = 1,500 W
Hinigum = 600 kW
Unit Rating Size Range
Maxisun engine-generator unit nize to supply wioioun demand at 30 percent

f copacity = 600 kW/50 percent = [,200 kw2
Hinioyn engine-generator unit size to supply mininus denand
100 percent capacity = 600 kW

a
rr

Comparioons of Available Unit Copacities
Unit Size, WV 600 7003 800 9007 1,000
Firo Capacity, W 3,00005)% 3,500(3) 3,20004)  3,600(&} 3,000(3)
Operating Unit Losding Coaparison
Maxioum Denand 5 at 100X 4 at 931 3 at 100X
Average Demand ) at B)MX 2 at 941 2 at 752
Minigum Denand 1 at 1002 1 ar 152 1 at 60X
Select 1,000 k¥ unic capacity for fevest aumber of uairs.
for 5 orims dutw nlant: Initisl Firs Canscice = 1 000 X0 (1)8
For ¢ prime duty plamt: Initial Fira Capacicy 31,000 x¥ (1)
Total Initial Capacity = 5,000 WW (3)

lusing NEMA MC 1 otandsrd ratings.

2Hot o NEMA MG [ standard ratiag.

Ito values shown, since there is no ioprovement over the next sooller
engine ganarator unit sire.

Spymber in parenthesis is the nuaber of engine generstor units required.

5.3.1 ility to 5l Conditions. Prime duty
generating units are rated at 100 percent of their capacity amd are also
capable of generating at 110 percvent capacity for 2 hours out of any 24-hour
period. Standby/emergency duty units are also required to have a continuous
rating, hut are not provided with any reserve capacity. To prevent the loss
of an operating unit in system collapse, even cne having reserve capacity,
proper load shedding or spinning reserve backup must be provided.
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5.3.2 Ioad Shedding. ILoad shedding (electrical load segregation to allow
dropping of less critical loads) is preferable to loss of an entire plant.

5.3.3 Spinning Reserve. Where critical loads cannot be shed, spinning
reserve is required for backup in the event that a unit is lost from the
system. Spimning reserve must provide for shutdown of one unit when
operating at maximm demand and with generators running-at their maximum
2~hour capacity.

5.3.4 Type of Ioad Served. Motor loads may affect unit sizes, either
because of cther voltage-sensitive loads or because of the size of the motor
in relation to unit size.

5.3.4.1 Voltage-Sensitive Icads. Communication, data processing, ard other
voltage-sensitive loads should be segregated from all motor and cother types

of utility loads by providing a split-bus system.

5.3.4.2 §Size of Motors. Starting large motors will have an effect on
generators because the starting kilovoltamperes (kVA) of a motor is about
three to eight times its running kVA. Design motor starting loads to prevent
voltage dips which are significant enough to cause the system to shut down.
Reduced-voltage starters and sequential starting of motors are usually
provided to prevent unacceptable voltage dips. A unit supplying a single
motor may have to be evaluated to determine the cost-effectiveness of gpecial
generator starting modifications, use of shunt capacitors, or oversizing of
generators.

5.4 Fuel Selection.
5.4.1 Fuel Types. The fuel for diesel engines may be any of the

following types, depending on availability and economics:

a) Grade Navy Distillate DF-2 Diesel Fuel 0il of Federal
Specification VV-F-800, Fuel 0il, Diesel.

b) Marine Diesel of Military Specification MIL-~F-16884,
Fuel Qil, Diesel Marine.

c) Jet Fuel Grades JP-4 and JP-5 of Military Specification
MII~J-5624, Jet Fuel Grade JP-5. Diesel engines may require special
metallurgy to accommodate the use of JP-4 or JP-5 on a continuous basis.
accammodate the use of JP-4 or JP-5 on a continuous basis.

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

e) Jet (commercial) fuel.
5.4.2 Nondiesel Fuels. The use of a nonstandard fuel such as natural
gas, liquid petroleum gas, residual oils and gasoline may be allowed if
economic advantages are proven through a detailed life-cycle cost econcmic

analysis. NAVFACENGOM Headguarters approval is required for the following
fuel selections:
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a) Gasecus Fuels. Follow guidance and requirements of OPNAVINST
4100.6, Energy Financing and Source Selection Criteria for Shore Facilities,
which restricts the use of natural gas. BDual fuel (diesel oil and gas
firing) shall be provided whenever an interruptible gas supply is used.Diesel
fuel is required as a pilot fuel when gas is used as a fuel.

b) Residual Fuel 0il. Federal Specification No. 6 or Navy Special
may be used in Design 2 (see Table 1) plants when economically justified and
approved by the NAVFACENGOOM Headcuarters.

c) Reclaimed Fuel 0il. Fuel oil reclamatian facilities are
available at a mmber of sites. Reclaimed fuel oil is acceptable for use in
same diesel engines and may be considered.

5.4.3 Fuel Characteristics. For properties and characteristics of
various fuels, refer to NAVFAC DM-22, Petroleum Fuel Facilities, Chapter 1.
Far collateral reading see "Fuels and Furnaces" in Marks Standard Handbook

for Mechanical Engineers.
5.4.4 Bid Fvaluatjon and Compensatory Damages for Prime Duty Plants. The

NFGS specifications (refer to Section 1) for diesel-electric generating
plants incorporate procedures to evaluate bids and to recover damages in the
event that the engine-generator provided does not perform as guaranteed by
the supplier. Both procedures rely on guaranteed fuel rates and a schedule
specified by the Navy for operations at full load, three—quarters load, and
at half locad. These procedures are as follows:

a) Bids are evaluated based not anly an initial cost but also an
the ability of the proposed equipment to meet Navy specified goals of fuel
rate at each load comdition. Bid prices quoted are adjusted far camparison
whenever guaranteed fuel rates do not meet the goals. The adjustment
includes the cost of fuel needed in excess of that required, based on
guaranteed fuel rates. The total excess cost of fuel for a period of 10

years is used as the adjustment. Fuel rate goals should be set slightly
higher than any prospective engine-generator set can meet. Thus, all
contractors will have their contracts adjusted, because the marufacturer’s
rates will be lower than the proposed unrealistic value. This allows a
positive fuel camparison for all bidders.

b) Acceptance tests of engine—generator units in prime duty plants
are conducted to determine if gquaranteed fuel rates have been achieved at
each load conditian. In the event that guaranteed fuel rates are not
verified, the supplier is required to refund the difference in fuel cost over
a projected econamic life of 10 years. Damages are calculated based on
operating schedule entered into the specification.

5.4.5 Fuel Storadge and Handling.
5.4.5.1 Fuel Flow Diagrams. Fuel flow diagrams for each definitive design
are included in NAVFAC P-272, Definitive Designs for Naval Shore Facilities,

Part II (refer to Section 1}.

5.4.5.2 Fuel Preparation. Diesel engine fuel injection systems can be
seriously damaged by water and dirt in the fuel. It is important to provide
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fuel oil centrifuging of all fuels delivered by water transport as fuels can
be easily contaminated with water or solids. Provide heating for heavy fuel
oils, ard in cold climates for all fuels. Filtration shall be provided for
all types of fuel. Comply with applicable state and local regulations
concerning storage and treatment of fuels.

5.4.5.3 Conversion Fuel. On prime duty, Design 2 plants, provide
additional space for installing future additions to the fuel handling
equipment, for example, fuel storage for residual fuel and pilot diesel fuel
1frequ1recl plus residual fuel heaters and centrifuges, dirty fuel tanks and
similar items.

5.4.6 Fuel Storage and Day Tank Volumes. ‘Use above—ground storage tanks
within diked areas. Provide 30-day storage capacity for prime duty plants
ard 7-day storage for standby/emergency duty plants unless local conditions
will allow less or require greater volume. Storage tank volume shall be
based on the rate of fuel consumption of all engines including spares, at 100
percent load, miltiplied by a 0.75 operating factor. Tanks should be

cntpardmd dem edeardnaed Fardirad cloac ard choaild he ey ey i
selected in standard mamifactired sizes and should be vertical or }wrlzontal,

as best suits the site conditions. The use of underground storage tanks may
be considered for small plants if leak detection and double contairmment
provisions are provided. Day tank volumes shall be determined based an the
following:

5.4.6.1 Prime Duty Plants. Provide a day tank for each englne with storage
for not less than 2 hours full load operation and with automatic transfer
pumps and level controls.

5.4.6.2 Standby/Pmergency Duty Plants in Standby Service. Provide
marmally-filled day tanks, each of a capacity able to satisfy 8 hours of full
load operations.

5.4.6.3 Standby/Fmergency Duty Plants in Emergency Service. Provide a day
tank and transfer pump unit for each engine, asreccnm\endedbytheergm

manufacturer. Interior tank capacities shall not exceed the
given in the National Fire Protection Association (NFPA) No. 37, Staticnary
Combustion Engines and Gas Turbines.

5.4.6.4 Bulk Fuel Storage and Handling. Storing and receiving of fuel oil
outside the generating plant is covered in NAVFAC IM-22 and in the definitive
designs ard gquide specificatiaons of the oil-fired definitive power plants
listed in NAVFAC P-272, Part II, which includes handling the fuel in plants.
For rules and regulatlons, refer to NFPA No. 31, 0il Burning Equipment.

5.4.7 Air Intake Systems. Use an outdoor air intake for all prime and

standby/emergency duty plant designs, except for very small units in warm
climates. Intake velocities and pressure drops should be selected in keeping
with engine limitations. In frigid temperature zones, air prﬁhéatug, or a
bypass of cutside air sources should be provided to facilitate engine

starting. Four-stroke engines require approximately 3 to 3.5 cfm of free air
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per brake horsepower (bhp) (1.8 to 2.2 - .
engines require approximately 4 to 5 cfm per bhp (2.5 to 3.1 liters per
secand per KW).

5.4.8 Precooling and Aftercooling. Precooling of intake air is not
allowed. Aftercvooling, sametimes referred to as "intercooling” of intake air
after turbocharging is desirable. Sufficient coolant should be made
available at the required temperature. Standby/emergency duty and prime duty
generator units may utilize separate electric motor driven pumps; however,
engine—driven pumps are preferred, with standby motor-driven pumps available.

5.4.9 Engine Exhaust Systems.

5.4.9.1 Exhaust Silencers. Heat recovery silencers should be considered
for all prime duty installations. Recovered heat can be used for space
heating. When residual fuel oil is to be used in Design 2 and 4 plants (see
Table 1), it may be heated using hot water frum heat recovery silencers.
Refer to Section 4 for additional guidance on exhaust heat reclamation and

cogeneration potential.

5.4.9.2 Exhaust Gas Quantities. Bxhaust velocities and pressure drops
slmldbesalectedtomat&engimmquimentsasp:wﬁedbyﬂmee:gm
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marufacturer. Whanever manmufachuer’s unua not available, base SySLEm ana

piping campanent sizing on approximately fm of exhaust per bhp (5.3
liters per second per kW) forfmr-strnkeengirmarﬂmlscﬂnperbhp(az
liters per secand per kW) for two-stroke ergines.

055'

5.4.9.3 Bxhaust Conmnections. The use of flexible comnections at
cannections to the engine exhaust cutlets or turbocharger exhaust cutlets
should be included to eliminate excessive structural stresses an those
units. Exhaust systemn structural supports, expansion joints and anchors for
exhaust system movement, amd expansion and contraction due to heat, must be
considered ard provided in the plant design. Silencers should be mounted
outside the building as indicated on the Definitive Design Drawing operating
floor plans, unless the mamufacturer’s standard unit is provided with an
attached silencer or other special design considerations dictate otherwise at

a specific site.

5.4.10 Cooling Systems. Decide by ecanomic analysis arnd site comditions
whether radiator, cooling tower, or a natural circulating water system should
be used. Where cooling systems are subject to freezing temperatures, ccoling
systems mist be protected during operation and wvhen shut down. Freeze
preventing solutmrs (such as glycol or Dowtherm) should be considered for
circuits exposed to freezing outdoor ambient temperatures. In severe
freezing conditions, it is desirable to separate the interior and exterior
circuits by means of heat exchangers in addition to the use of antifreeze
solutions. When these solutions are used, equipment and piping will require
care in design amd selection due to the lower specific gravity (and specific
heat) of the antifreeze solutions as compared to water. Higher pumping rates
will require larger piping systems and more heat exchange surface areas.
Refer to the engine mamufacturer for their specific recommendations relative
to jacket coolant and lubricant cooler temperature control and fiuid

requirements.
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5.4.10.1 Fhoullient Cooling. Ehbullient cooling may be used if an eccnamic
advantage can be demonstrated. The use of steam must be contimuous and
cannot replace heat recovery from jacket coclant or heat recovery silencers.
Selection of ebullient cooling requires NAVFACENGOOM Headguarters approval.
(Refer to Section 4 for ebullient cooling applications and limitations.)

5.4.10.2 Selection Guidance. Outside cooling units shall be carefully sited
and oriented so as to minimize the effect of prevailing winds and adjacent
structures on the equipment cooling capacity. Vertically discharging
radiatorsardcoolhgtwersshmﬂdbegivenpmfemmweroﬂlertypesam
configurations. Where ambient air temperatures are favorable, the use of
radiator (dry) type cooling will reduce maintenance costs and water treatment
requirements. Engine radiant heat and generator heat must be removed by the
building ventilation system. Sufficient ventilation shall be provided to
limit temperature rise to 15° F (9° C) above ambient wherever possible.

Refer to Section 15 for minimm ventilation requirements.

5.4.10.3 Desian Temmeratinre. Outside ambient temperatures a'lvpn in d__es_cm
guides such as NAVFAC P-89, Engineering Weather Data; are usually not peak
temperatures. Their use in the selection of cooling equipment such a
radiators for engines may not be adequate as peak electrical lecads can occur
at the same times as those of maximm temperature. It is recommended that
summer design dry bulb temperatures be increased by 10° F to 15° F (6° C to
99 C) over the design temperature listed in NAVFAC P-89. In no case should
the design temperature be less than 110° F (61° C). Incalculable factors
sud1asw:11dd1rect1marﬂedd_1€s, unusual weather corditions, and other
causes of air recirculation tm:mxgh a radiator or cooling tower, can only be

umrpordteu into plam:. GE:‘llgn Dy such means.

5.4.11 Iubricating Qil Systems. The lubricating oil system should include
clean and dirty oil storage tanks, transfer pumps, piping for transfer and
unloading, filters and operating control systems. Storage tank size needs
vary for unit and plant sizes. Sufficient supplies of lubricating oil shall
be provided so that a delay in delivery will not impair plant operation. 0il
storage tank volumes shall be based an the engine mamifacturer’s oil
consumption data for the specific engines involved with all ergines in the
plant including spares, operating at 100 percent load multiplied by a 0.75
operating factor. Containerized storage is allowed for both clean and dirty
oil storage on smaller sized standby/emergency duty generating plants.

5.4.11.1 Iwbricating Qil Filters. Engines are normally supplied with
lubricant filters, pumps, and coolers by the engine mamufacturer. If they
are to be supplied separately, they should conform to the ergine
mamifacturer’s specifications. Each Design 1 to Design 4 engine should be
fitted with a duplex full-flow filter. Design 4 standby/emergency plants
shall always be provided with a bypass-type oil filter. Bypass filtering may

v e Acvwvwmmial Ty et Fiad Fear Fha emallov Necdies 2 sl aedo Oy 3 o manah
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size shall conform to the erngine mamufacturer’s standard practice.

5.4.11.2 WammUp Systems. All engines should be fitted with jacket coolant,
and in same cases lubricant oil warmup systems, as recomerded by the engine
marmfacturer when operating temperatures warrant. The lubricant warm—up
system is usually required on standby/emergency units.
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5.4.11.3 Lubricant Pimps. Normally, main lubricant pumps are mechanically
driven from the engine. Warmup and bypass filter pumps may be driven
separately with electric motors.

5.4.11.4 Waste Oil. Provisions must be made for removing and holding waste
oil from the generating plant.

5.4.11.5 Special Iubricant Treatment. For prime duty plants, lubricating
oil should be reclaimed by removing dilutants and insoluble contaminants.
Acn:hty should be controlled by means of a cambination absorption and
vaporizing process, and possibly centrifugal purifiers and clarifiers in
either a batch or contimious operation. Packaged reclaiming systems designed
specifically for this purpose are available. The heat source for these
systems can be frum direct fired equipment, reclaimed heat, or electric
power. Provisions must be made for the removal of waste solids frum these
systems. All diesel-electric plants using heavy fuel oil or blends of heavy
and light oils should be provided with lubricating oil reclaiming systems.
Lubricating oil treatment systems shall be of the type approved by the ergine
mamifactirer and suitable for the type of lubricating oil recammended by the
engine mamufacturer. Some types of treatment remove desirable additives
required by the engine marmufacturers, and removal of these additives may
nullify engine marmufacturer’s guarantees.

5.4.12.1 Adr Starting. The method used for starting shall be the standard
design of the engine manmufacturer. Direct injection of campressed air into
cylinders is the preferred method of starting large diesel engines in prime
duty and standby/emergency duty plants. Air motors are optional for smaller
units. Where engine size requires the use of more than ane starting air
motor as indicated by the mamufacturer’s standard instruction, the extra
motors, controls and assembly shall be provided as part of the engine
package.

5.4.12.2 Compressors for Air Starting. Where compressed air is used for
starting, two starting-air campressor units should be provided. One unit
should have an electric-motor drive, and one unit should have a dual
electric-motor/diesel-engine drive with battery start for the engine drive.

5.4.12.3 Starting Air Receivers. Where air starting is to be used, air
receivers shall be sized to provide multiple starts based on the following:

._.. amsd gl o s Theoe $dbe D et e 3 v S v —.f

a) For prime and standby duty plants with 2 eng , 8 MANULIN O
3 starts shall be provi for each engine. This requires a minimm of 6
starts. For each additional engine air receiver capacity shall be added to

provide 3 starts for each engine added up to a total of 12 starts. QCne
receiver should be sized to provide a minimm of 3 starts for the largest
unit installed.

b) Receivers shall be manifolded in parallel, each with safety
valves, isolating and flow check valves, and autcmatic condensate drain trap
assemblies. For normal operating each engine has its own starting air tank
so that unsuccessful start of a specific engine does not deplete the
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available compressed air. However under emergency conditions, the manifold
allows for altermate supply from cother tanks to the erngines.

c) Starting air pressure shall be as recammended by the ine
marufacturer. Normal starting air pressure is 250 lb/in? (17.5 ky/am?), with
a 300 lb/in? (21.0 kg/cn?) design pressure.

d) Receiver construction shall conform to American Society of
Mechanical Engineers (ASME) SEC 8D, Pressure Vessels,, for the system
pressures involved.

5.4.12.4 Electric Starting. In standby/emergency duty plants serving
emergency loads and where campressed air will normally not be provided,
electric starting using batteries may be employed if standard with the engine
manufacturer. Electric starting batteries shall be furnished to provide the
same starting capacity as is required for air starting receiver capacity.
Batteries shall be heavy duty type camplete with battery racks, cabling,
chargers, meters, hydrometers and controls as recommended by the engine
starter and battery mamifacturers.

5.4.12.5 Preheat System for Testing Standby/Emergency Duty Units. Consider
providing engine coolant ard lubricating oil preheating systems to facilitate
scheduled tests of generator sets.

5.4.13 Foundations. Diesel engine-generator unit foundation design must
take into account the dynamic characteristics of the soil (refer to NAVFAC
M-7.01, Soil Mechanicg) and machinery characteristics to avoid resonance of
the fourdation with the operating equipment. Investigation of these
characteristics often results in inexact data and thus requires field
adjustments to the design. The design guidelines given herein should be
considered minimums to be adjusted to meet actual requirements. Oonsult
NAVFAC M 7.02, Fourdations and Earth Structures, for further discussion of
vibration problems and examples of design to avoid resonance and for shock
and vibration isolation.

5.4.13.1 Investigation. The following investigations are necessary for
units larger than 750 kW, and elsewhere, where special corditions indicate
such a need:

a) Soil Characteristics. Dynamic properties vary widely and can
be defined anly roughly within rather wide limits. Each type of soil, samd,
gravel, clay, rock, ard the degree of moisture saturation of the soil
provides a different and widely varying response to dynamic loads. Size of
bearing area amd its dimensions may also influence dynamic properties of the
soil.

b) Machinery Characteristics. The equipment mamufacturer usually
provides estimated values based on equipment dimensions, weights, and
operating speeds which may not furnish precise values. Beyord the usual
static data, it is necessary to have such data as the unbalanced forces and
couples with their location, magnitude, and direction (both primary and -
secondary) ; plus starting torgque and stopping torque, without load and with
full load on the generator.

5.4.13.2 Design. As a design basis, a designer uses data regarding soil and
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machine characteristics which may be considered as approximate rather than
precise. In many engineering problems which defy an exact analysis, a safe
design may be assured by the use of a greater factor of safety. In the field
of machinery foudation design, this approach may ensure structural adequacy
but not necessarily dynamic stability. Normal differences between the
predicted and actual characteristics of the soil and machinery may have
adverse effect upon the characteristics which might destroy or wipe out
expected design margins. The foundation characteristics may be further
affected by deviations in actual construction from the details specified by
the foundation designer. The designer should include provisions for field
testing and adjustment of foundation mass in cases where design studies
imdicate a possible deficiency in design margins. This may be accomplished
by making the bottam base slab extend outside the main foundation block. The
dvnamic stability may then be checked experimentally by placing bagged sand

Mo LIRS L A2 L4141

atvanwspointsamnﬂthemtupmﬂxebaseslaba:tenmmuﬂﬁlethe
engine-generator is operating. When optimm dynamic equilibrium is thus
determined, sandmybereplaoedwltheqmvalentmassconc:reteandmreﬂto
the main fmmdation block ard base slab extension.

5.4.13.3 Minimm Requirements. Soil borings should extend no less than 50
ft (15 m) below the bottam of unit foundations, unless rock will be
encaantered at shallower depth. From these borings, allowable soil bearing
pressures engine-generator the need for piles can be determined. Fourdation
design should be governed by the following:

a) The entire foundation bearing surface should be at the same
elevation. Steps or cascades at support level should be avoided.

b) ‘The unit foundation support level should be carried at least 30
in (762 mm) below any trenches or basement floor levels which are adjacent to
the unit. This may be reduced to 18 inches (457.2 mm) for 750 kW or smaller
units.

c) Minimm static load design reinforcement is 2/10 of ane percent
of the cruss-sectional area vertically and horizontally for all foundatiaons.
Mlmmmremforcetrentfordynamicloadsshallbeatleast3tostmthls
requirement. Usually, the entire foundation bleck is ccmsxdered to be

affected by dynamic loads. For larger or not well balanced units,
reinforcing should be designed substantially heavier.

d) If bearing level is solid rock, such that there is a minimm
depth of 5 ft (1.5 m) of rock, cover the bearing surface with a 12-inch
(304.8 mm) layer of sand for a cushion.

e) Great care should be taken to avoid excessive or unequal

settlements. Generally, the soil at elevations upon which unit foundations
will bear directly should be capable of supporting a minimm uniform load of

ety ML AT S e s R

3,000 psf (14,646 ky/m?) without excessive settlement. The soil, at
elevaumslmrﬂmanuwbearirqlevelfordepthsatleastequaltounit
block lengths, should be of uniform quality without layers or pockets of weak
soils. Ifﬂzequaltyofsoﬂrenammdmbt evenafteracanprehmswe
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then consider the use of piles, piers, Or Caissons.
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f) Wwhere piles are necessary, lateral forces may be resisted by
battering a portion of the piles. Concrete piles, if used, should be
reinforced for at least the upper cne-third of their length. Drive so top of
pile will project into diesel foundation block or base slab a minimm of 6 in
{152.4 mm).

g) For small units, isolated foundations may not be necessary,
instead vibration isolators mlght be employed. Vibration isolators are
required when recommended by the engine marufacturer, such as for units which
came "skid-mounted", that is mounted on structural steel subbases.

h) Seismic restraints are needed for each unit located in an
IITtEITlathl'lal Conference of Bulld.mg Officials, (ICB:)) , Uniform Builg;;!g Code

(UBC); risk zone 3 or 4. Geographic locations of UBC seismic risk zones are
indicated in NMAVFAC P-355, Seismic Design for Buildings, refer to [M=7.02.

5.4.14 Cranes for Engine Servicing. Use NFGS 14334, Monorails with Manual
Hoist; 14335, Monorails with Air Motor-Powered Hoist; 14336, Cranes, Overhead
Electric, OveJM Type; and 14637, Cranes, Overhead Electric,
Underrunning (Under 20,000 Pounds, as appropriate and NAVFAC IM-38.01,
Weight-Handling Equipment.

5.4.24.1 Sizing. Hoists should be sized for the servicing of engine and
generator camponents.  Cranes should not be sized to extend over the entire
engine operating area, but only over engine-generator units and their
associated laydown space area. Follow the erngine-generator unit
marufacturer’s recammendations for crane and hoist capacities. Hoist
capacities of 1 to 2 tons (900 to 1,800 kg) are usually adequate for
smaller-sized generating units and capacities of 3 to 5 tons (2 700 to 4,500

.14.2 Electric Operation. Hoists should be electrically powered for
0

. +
kKW units and larger. Plants with S00 kW to 1,000 kW units should have

mamially operated cranes ard hoists. Plants with smaller units should be
provided with monorails and marually operated hoists.

5.4.14.3 Openings. Where hoists are provided to service equipment in
basement or lower floor areas, openings should be provided in ground level
floor slabs to allow penetration to the equipment in the lower areas. Fit
openings with removable gratings. Hoist lengths should be adequate to serve
the upper and lower plant levels.
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Section 6: SYNCHRONOUS GENERATORS, EXCITATION, AND REGULATION

6.1 General. Diesel engine generating units covered by NFGS
specifications (refer to Section 1) are rated for from 10 KW to over 2,500 kW
contimious cutput. Figure 5 indicates the major components that camprise a

synchronous generator.
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Synchronous Generator Canfiguration

6.2 Synchronous_Generators. Synchronous generators are built to the
requirements of the National Electrical Mamufactures Association (NEMA) MG 1,

Motor and Generators.
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6.2.1 Rating. Regardless of the duty rating (i.e. for prime, standby, or
emergency use) NFGS specifications require that generators be capable of

canyur;ﬂlegrossmofﬂxedleselagumew1ﬂmtexceedugﬂmtarpemm
i of NFMA MG 1 for contirmious duty.

|—l

6.2.2 NEMA Temperature Limitation. Limitations are based on a 40 degree
C ambient and altitudes not exceeding 3,300 ft (1,000 m) utilizing the
specified insulation classes (B and F). Where these values are exceeded,
NEMA MG 1 stipulates a decrease in the allowable temperature rise.

6.2.3 NEMA Temperature Classifications. NEMA MG 1 has two temperature
rise classifications, contimious and starndby. The NEMA MG 1 standby

tempe.rauxrerlseshallmtbeusedasabasmforgene.ratorratlrgsusedln
standby or emergency duty plants.

6.2.4 Generated (Terminal) Voltage. The generator voltage should be the
highest standard voltage commensurate with the load served and the electric
distribution or utilization system characteristics. NEMA standard voltage
ratings shall be used, except where special conditions prevail. The use of
step-up or step—down transformers should be considered only under extending
ciramstances. Standard generator voltages to be used are as follows:

a) 208Y/120 V
b} 480Y/277 V
c) 4,160 V

d) 13,800 V

6.3 Excitation and Voltage Requlation. The brushless exciter and
static voltage regulator combination is considered to provide the best

rumrrfmrmnaruen atrad lalla oo v riAnc a1l dha Fanda e T I T R e ]
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brush-type rotating dc generators or brush-type static exciters while
eliminating the maintenance and radio-noise features of the brush type.

6.4 Paralleling and Synchronizing. All generators in a plant shall be
capable of operating in parallel with each other and shall be connected so
that any or all units can furnish power to the main bus at the same time.
Where plants may operate in parallel with commercial power, coordination with
the serving utility must be maintained. The plant shall be designed with the
capability for paralleling with an infinite bus.

6.4.1 Sychronization. Synchronizing operation can be performed manually
or autamatically. For both methods, control of incoming voltage and speed is
required to match the system before closing the generator circuit breaker.
The use of a permissive synchronism~check relay series with the synchronizing
switch is suggested. Mamal synchronizing is provided on most attended
electric generating plants. Autamatic start up, synchronization, and shutdown
is normally only provided for unattended plants.
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6.4.2 load Division. When generators are operated in parallel,
proporticnal division of the electric locad (kiW) depends on the power supplied
by the engine which is controlled by the speed. However, reactive
Kilovoltampere Reactive Power (KVAR) division is shared according to
generator excitation. Provisions to adjust excitation for kvar sharing in
the generator control is called cross-cuwrrent campensation. Cross—current
campensation is provided by each aurent transformer supplying each voltage
regulator and acts to limit each generator’s share of the total kvar
required. The load is proporticnally shared to each generator’s rating.

7
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Section 7: ENGINE CONTROLS AND INSTRIMENTS

7.1 Geperal. Controls and instruments assist in economical operation,
supervision, and maintenance of a generating plant. Instruments sense changes
in operating conditions and provide data to measure operating econamy. An
operator can control the changes in operating conditions to same extent by
remote equipment. Continuous duty electric generating plants, provided with
24-hour manned operation are usually arranged for mamual starting,
synchronizing, and stopping and with only automatic protective controls.
Standby/emergency generating plants are usually campletely autamated and
controls are unattended. Remote monitoring devices and controls may be
limited to system status indication and start/stop controls.

7.2 Speed Governing System. Speed governing systems maintain the same
operating speed (frequency) after load increase or decrease by adjusting the
fuel delivered to the engine in proporticon to the load regulated. As long as
the t'::r_g-r-‘;___'l fied nerformance characteristics are met, the hrm of the sneed
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governing system provided (i.e. mechanical-hydraulic, electrlc hydraulic,
electric, etc.) should be left to the engine manufacturer’s discretion.

7.2.1 Speed Requlation. Speed regulators can be either speed droop or
isochronous type. Droop operation permits engine speed to increase as load
is removed. Isochrunous operation maintains the same speed at any load.
Some governors can be operated in either mode.

7.2.2 Governor Operation. Governors consist of hydraulic or servo
systems used for fuel control in conjunction with speed sensing elements.
Bydraulic governors utilize the centrifugal force produced by rotating
fly-weights to actuate the hydraulic servo system. The electric-hydraulic
type uses electric signals for actuation of hydraulic servo mechanisms.

There are also campletely electronic governing systems. Electric signals can
also be initiated by changes in frequency (speed) or respond even faster, if
initiated by load charges.

7.2.3 Performance Requirements. Industry-recognized performance
requirements.are given in Table 9. These requirement provide uniform
concepts for the appropriate application classification without introducing
urwarranted technical refinements and augmented costs. The referenced guide
specifications and the industry specification from the Institute of
Electrical and Electronics Engineers (IEEE) 126, Speed Governing of Internal
Combustion Engine-Generator Units provide systems for independent or parallel
operation.

7.2.4 Modifications. Generally the use of the appropriate NFGS
spec1f1cat10n (refer to Section 1) is all ﬂ]at is necessary Hcmever, when

marn T T Al e tsidhh o Toasad [~ TR I & T =y ey e ] Af
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the performance characteristics arxd the type of load sharing control
specified is required. Special applications such as ancther incoming service
or more precise freguency and voltage requirements must be evaluated on a
case-by-case basis. Values given in Table 9 may not be available for all
engine sizes, duties, or mamufacturers and may either be excessive or not
exacting enough for a specific requirement. It may be more econcmical to
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provide same type of power corditioning for many precise voltage and
frequency applications. The upgrading of the performance requirements for
generator sizes covered by NFGS-16208 to utility company requirements should
be justified by citing the reason, such as telecommmication, data
processing, hospital service, or utility campany paralleling requirements.

Table 9
Speed Governing Performance Requirements

Performance Requirement

Industrial Public Precise
Cocnmercial Uritlity Power
Specification Number RFGS-16208 RFGS-16202, None
Thru 16205
Basis for Specification LEEE 126 1IBEE 126 Hone
Section LI Section IlI,

Ao Upgraded

Steady-State + 0.5% + 0.251 s 0.102
Coverning Speed Band

Recovery Tioe A Scconds ) Seconds 1.5 Seconds

7.3 Controls. Monitoring and shutdown controls are necessary for unit
protection. Also needed are devices to start and stop the unit and to select
the operational mode when more than one method of operaticn is provided.

7.3.1 Exaine Fault Monitoring and Shutdown Controls. The minimum

requirements for protection of any diesel generator set incorporate the
following shutdown devices monitoring the engine:

L T .

a) low lube—oil pressure with pre-alarm before shutdown,
b) high water temperature with pre-alarm before shutdown, and

¢) overspeed.

Deperding on the size of unit and the type of duty, additional
monitoring and shutdown controls, such as: monitoring cooling water
pressure, lube oil pressure of engine and turbocharger, high lube oil
temperature to engine and day tank level may be provided. The designer
stwldspecifyatleastthedevimsmerﬂedbyﬂmmfacumofﬂxe

ergine.
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7.3.2 Engine Start/Stop Cranking Control. Engine start/stop control
logic circuitry may be mounted on the unit or in the generator switchgear.
The start cycle is initiated by a signal to the cranking motor which starts
the engine. The stop sequence can be initiated marmially by a stop button,
automatically by engine shutdown devices, or by protective relays. In the
avtomatic mode, when the crankirng cycle is initiated, it will operate for a
preset period usually of one-minute duration with altermate crank and rest
periods of about 10 secorxds. If the engine does not start during this cycle,
the cranking circuitry is shut down. Emergency stops may be initiated by the
engine and generator protective devices and, when activated, shut down the
engine and disconnect the generator from the load.

7.3.3 Operation Mode Switch. A selector switch is located on the engine
gage board to select automatic or manual starting and stopping modes when
both types of operation are required.

7.4 Instrumentation. Instrumentation is provided to monitor the engine
and generator operation and is mounted on the engine gage board and at the

generator control panel. In small plants all instrumentation may be located
atthedieselgenerator The muber of instruments may vary depending on the

size and cxmple.xlty of the plant. The use of solid-state control devices and
instrumentation is recommended.
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Section 8: GENERATCR OONTROLS AND PROTECTION

8.1 Control Capabilities. Generator devices provide the following
ocantrol featwres:

a) The generator circuit breaker provides a switching device to
cornect or disconnect a generator from the system.

b) The operating control mi_n_t permits generator switching,

voltage arﬁ'fmquency changing, synchronization of generators and cammercial
sources, and a central point for monitoring of system operatiaon.

c) The generator protective devices prov1de for safe operation.
Refer to the American National Standards Institute (ANSI), C37.2, Electrical
Power System Device Rumction Mumbers , for ANSI device mmbering system
assigmments.

8.2 Control Iocations. The generator circuit breaker and protective
devices are located as appropriate to the installation. The operating
cantrol point may be installed either with or separately from its associated
circuit breaker.

B.2.1 Definitive Desione 1, 2, 3 and 4. The definitive drawings (refer

to Sectian 1) utilize a separate control switdmoardtoproudetheopexatmg
control point. No controls are provided on the generator and feeder
switchgear except for operating the bus tie unit. For plants having a
capacxtyofl&;sthanzooom consider a need for a cantrol console on the

| g Y rd 33 e delma Lol o e 3w
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a) Econamy, including manpower requirements and operating costs;
or,

b) More reliable control, the system requires large and varied
load changes which cause frequent stopping and starting of generating umits.

8.2.2 Altempate Definitive Design Coptrol. In same cases it may be
desirable to also provide control at the switchgear. Such a case might one
in which the design configuration requires a significant separation between
the Control Roam and the Switchgear Roam or if simplicity of operation is
paramount. Safety considerations for maintenance at the switchgear can be
provided as lang as the circuit breaker is of the drawout type having a test

mltiwn, cbh‘ernen e, {’\th'er n\e_tm vf mmq‘i’i%{ cnwnﬂfnrmtq 1(‘!‘";\] AT‘Y‘]
remcte control is necessary.
8.2.3 Small Jow-Voltage Plants. Low-voltage generators quite often have

the generator controls and circuit breaker provided as a part of the
8.2.3.1 Automatic Transfer Switch (Single Units only). Generally, an

autamatic transfer switch is used for single low-voltage diesel generatar
operation to transfer loads from a normal source to the generator. Circuitry
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is included to sense normal source failure, initiate starting of the erngine
generator, and transfer the load to the generator. Wwhen the normal source is
restored, the switch will automatically transfer the load back to the normal
source and shutdown the engine after a predetermined time.

8.2.3.2 Multiple Ground Points. Emergency or standby power supplies in
conjunction with the normal incoming utility service for low-voltage systems
can introduce dbjecticnal stray currents because of the multiplicity of
neutral graurds. A properly designed ground system is necessary to eliminate
stray neutral current paths and urdesirable groaund-fault current sensing
path. Grounding arrangements for emergency and standby power systems are
discussed in the Institute of Electrical ard Electronics Engineers (IEEE)

446, Recommended Practice for and S Power: for
Industrial and Commercial Applications.
8.3 Operating Control Requirements. Regquirements depend upon the size,

complexity, and voltage level of the plant. Requirement covered herein apply
to medium-voltage, multiple-unit plants and should be adjusted as appropriate
for low-voltage plants which are often single-unit plants. Devices should be
arranged on control switchboards or switchgear in a simple and distinctive
fashion to aid the operator under normal or emergency corditions. When the
mmber of circuit breakers to be operated provides a complex electric
configuration, consider providing a mimic bus. Organize devices by unit
control, synchronizing control, and system monitoring.

8.3.1 Unit Control. Minimm unit control should provide the following
devices:

a) Cirouit breakers.

1) Control switch.
2) Ammeter and transfer switch.

) b) Power sources such as generators or cammercial input require
synchronizing switches.

C) ‘Generators.

1) Voltage regulator adjusting rheostat.

2) Voltage regqulator manual-off-automatic switch.

3) Governor switch.

4) Wattmeter.

5) Varmeter.

6) Watthour (Wh) demand meter.

7) Elapsed operating time meter.
8.3.2 Synchronizing Control. The synchronizing control is energized

the synchronizing control switch at the selected source ard consists’

of the following devices:

a) Synchroscope.
b) Bus frequency meter.
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c) Bus voltmeter.

d) Incaming voltmeter.

8.3.3 Permissive Control. Leocal policy synchronization may dictate the
use of a permissive type synchronism check relay (ANSI Device 25) which is
provided in series with the synchronizing switch to prevent closure when the
two saurces are too far out of synchronization. This device checks voltage
on both sides of a circuit breaker, this providing protection against
operating errors.

8.3.4 System Monitoring. System monitoring is provided to aid the
operator in avoiding system abnormalities. The amount of reporting,
alarming, amd control can vary from alarms reporting there is a problem at a
certain location, or reporting only of electrical quantities and cantrol as
previously discussed, to camplex microprocessor-pbased Supervisory, Control,
and Data Acrquisition Systems (SCADA).

8.3.4.1 Type of System. The operating duties of the plant should be
oconsidered in system selection. large prime duty plants in remote locations
or cogeneration plants may require SCADA. Where plants are contimucusly
mamned, requiring only the minimm monitering is usually adequate, refer to
Section 1, NFGS specifications.

8.3.4.2 SCADA. This system provides a master station which utilizes input
from equipment-moaunted, field interface panels normally in conjunction with a
record-keeping printer. The selected reporting, alarm, and control functions
should consider those required for Energy Management Control systems (EMCS)
either by utilizing an existing BCS or providing a new system.

8.4 Geperator Protection. Surge protecticn, neutral grounding, and
protective relays are used to protect the system from electric power system
disturbances whose abnormality could damage equipment or harm persamel.

8.4.1 Surge Protection. Same form of surge protection is usually

necessary within a generator plant. Surge arresters in parallel with surge
protective capacitors may need to be installed at the terminals of each

generator. Surge protective capacitors reduce steep wave fronts, which if
imposed on rotating machinery could result in stresses exceeding insulation
impulse strength of a machine. Small units supplying emergency loads within
a huilding which are not subject to lightning or switching surges usually do

8.4.2 Geperator Neutral Grounding. Generator neutrals are grounded to
provide service reliability and reduce fault stresses in equipment. For
low—voltage systems, the neutral supplies phase-to-neutral loads as well.
The method of comnecting the neutral to the station ground system is selected
as required to limit the available ground fault current.

B8.4.2.1 Solid Grounding. For generators having a ground return path which
limits the ground aorrent to safe values and where harmonic currents are
small, a solid ground comnection is acceptable. Low-voltage generators are
usually provided with additional phase-to-neutral bracing so that the less
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expensive solid grounding can be provided, but this feature should be
specified.

8.4.2.2 Impedance Grounding. For medium-voltage systems, impedance

grounding is normally provided to limit ground fault current to a value equal
to or below the three-phase fault current. Reactance grounding is used where
ground fault currents of 25 to 100 percent of three-phase curents allows for

satisfactory ground fault relaying. Resistance grounding is used when even
lower values of ground fault current are necessary for system protectior
coordination.

8.4.3 Protective Relaying. Protective relays constantly monitor the
power system to assure maximum continuity of the generation and distribution
system and to minimize the damage to life and property.

d —
. o~ Current transformer
"““—jl 3

Circuit breaker

?

8

3
7 Optional location of differential
current transformers

516
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Dnln Demurd ol e o
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b 51V Voltage time-overcurrent
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-
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Figure 6

Minimm Relay Protection
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8.4.3.1 Generator Protection. The normal protection required for
medium-voltage generators is shown on Figure 6. OQontrol power is supplied
fram the station battery system.

a) Dpifferential Relaving (ANSI Device 87): Since differential
relaying utilizes a caurent difference between two points to indicate a
fault, differential caurent transformers should not be used to supply other
devices. The cwrrent transformer location points are shown an Figure 6. The
generator current transformers can be located on either side of the generator
circuit breaker in accordance with the mamufacturer’s standard practice. The
lockout feature (ANSI Device 86) is standard for differential relaying.

b) Ground Relaying (ANSI Device 51G): The lockout feature is
desirable far ground relaying, but it is not necessary in plants having

adecuately trained personnel.

8.4.3.2 Incoming Line and Feeder Protection. The minimm relaying
requirements shall consist of overcurrent protection as is shown on

dafinitive d_rat'._n___n_rsrs (refer to Section 1). Although time-overcurrent relavi m
(ANSI Device 51) may be sufficient for protectiaon, it normally also prov:.des
the instantaneocus element, (ANSI Device S0), an accessory feature in the same
enclosure with the time-overcurrent relay. This unit can be blocked, if not

needed, but is available for changing system conditions.

8.4.3.3 [Ioad Shedding Capability. A load shedding system capability can be
provided based on sensing underfrequency or a rate of frequency decline on
the system caused by sudden load charnges. System balance can be established
by temporarily dropping selected feeder locads. Underfrequency schemes are
usually arranged in steps to contimue dropping load until the system is

" stabilized. The use of undervoltage sensing is inadvisable since the
generator voltage regulators will tend to compensate for voltage decay.

8.4.3.4 Analysis. To determine actual protective relaying requirements, an
mmlysmslmldbeperfomedcmcemingmqujmentsfornewsystmsard
coordination with existing systems. Fault calculations may indicate the need
forp:otecuonmaddltlmtnmemnlmnreqmrenentscovemdpreumsly
Additional protection may be indicated because of either the size of the new
distribution system or to match the existing distribution system. See NAVFAC

T =T

M0-204, Electric Power System Analysis, for guidance on assembling the
information necessary for a coordination study.

B.4.3.5 Control Power. Direct-current closing and tripping for

: . . N
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battery system. For low-voltage generating plants, 24 V or 48 V systems
should normally be supplied, except where very small systems utilize
autamatic transfer switches for cammercial to generating system transfer.
Lead calcium cells should be utilized except when maintenance requnenﬂ-rts
justify the use of the more costly nickel-cadmium celis. Batteries are
highly reliable devices when properly maintained. Provision of a second
battery system will usually not provide any more reliability, since such its
system maintenance will be on the same level as the system it backs up.
However, for very large plants consider supplying one-half of the plant loads
fram separate battery systems which can interlocked so either or both systems
can supply the load but systems cannct be paralleled.
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BUITIDING CONSTRUCTION FOR DIESEL~ELECTRIC GENERATTNG PLANTS

Building types which house diesel-electric
generating plants are either single-level or two-level. Two-level generating

plants may have a basement and first floor or both levels may be above

grade.

Plant construction type planning factors are summarized in Table 10.

Table 10

Plant Construction Type Planning Factors

Type
of
Plant

Ltems
To Be
Conaidered

Comments

——prmier— e -

Single-Level Planta

Slab-on-Grade l. Size and number of units. Ventilation and source of
Single Story 2. Adeguate site area. combustion air must be
Building 3. Engine foundation requirements. coerdinasted. Small units may
4. Ventilation requxrements have skid-mounted radiators
5. Adequate bay spacing which affects ventilation
for suxiliaries. provided. Trenches are
usually provided for piping
and electric cable runs.
Two-Level Plants
I--Basement Type 1. Adequate basement ventitation Ventilation of the basement
and lighting. will require some ductwork
2. Sufficient stairvays for access to exiract air and fumes-
i and gecape from the basement, from the lowest level of the
i 3. Provisions to prevent flooding basement, Adequate grating
' of the basement. area at engines must be
provided to remove and
service equipment located in
the basement.
I1--First Floor 1. Sufficient doors for access to Ventilation of the lower
at Grade equipment and to allow removal level is simplified and
Type and servicing of lower level usually wall fans are
auxiliaries. adequate. Foundation blocks
2, Sufficient s.axrva,n to allow are usually built first.
access to operating level from Excavation is a winimum.
lower floor, Engines and generators can
3. Site building so all drainage be set on foundations and

is away from building.

building constructed
afrerwards,
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9.2 Single-lLevel Diesel-Flectric Generating Plant lavout. The
single-story slab-on—grade layout is the usual design for smaller
electric-generating plants (1,000 kW capacity and smaller). This layout may

alen ho uced far larvor canacity sonarating nlante wvhore gnocial oorditione
o ANL ATiges SAOpPALALY PUERALTLAirg pathiss WIELU SpULfL SeRSemm=
dictate the use of a simgle-level installation. All auxiliaries and support
facilities are located on the same level. Single level construction requires
more floor area. Trenches must be constructed in the slab for major piping
nuns. Such trenches became awkward for larger generating capacity plants
with several units installed in parallel. Engine-generator sets are usually
set on separate foundation blocks and are isolated from the floor slab. Same
smaller skid mounted units may be set on isolators amd bolted to floor slabs.

9.3 Iwo-level Diesel-Flectric Geperating Plant layout. Two-level
installations consist of an upper level engine ope.rat.mg floor and a lower
level for major auxiliaries. This type of layout is most applicable to
larger units installed in parallel. Such plants require less site area than
do single level plants and the operating floor is kept relatively clear of
cbstructions.

9.3.1 Two-level Plant with a Basement. The operating floor is at groumd
level ard major auxiliaries are installed in a below-grade basement area.
Gratings are usually provided along sides and at the front of the engines to
aid in ventilation and to provide access for maintenance of the units and the
lower level auxiliaries.

9.3.2 Two-Level Plant with a First Floor at Grade. The layout is
basically the same as the two-level plant with a basement. The only major
exception is that coffices and support facilities are normally located on the
second (raised) level. The two-story arrangement has same advantages over
cther layouts in lighting and in ventilating features. A significant
advantageisinavoidirgﬂmedargarsoffloodingwhidmprevailinbasenent
type installations located in wet climates. Where weather corditions permit,
‘pL‘JL“"l...:.L‘JTlS of the first floor may remain open. However, consideration mist be
given to plant locations in proximity to noise-sensitive areas and
facilities.

47



Downloaded from http://www.everyspec.com

MIL-HDBK-1003/11

Section 10: NONSTANDARD DIESEL~ELECTRIC GENERATING PLANTS

n 1 fe's s s bE ot ] 3
Conditions for Nonstandard Plant Selection. Nonstandard plant

types may be considered for urmsual conditions where definitive designs of
diesel-electric generating plants are not applicable.

10.2 Gasoline Frqine Flectric Generators. Where the weight and cost
per Kilowatt is a predcm.nant factor in selection of engine type, and where
fuel storage space is at a premium, gasoline-ergine electric generators may
be considered for standby/emergency duty plants serving emergency loads in
capacities from 10 kW to 300 kW. Disadvantages of fire and explosion hazards
in closed spaces and requirements for special ventilation features should be
evaluated. Also, consider the poor storage qualities of gasoline fuels.
Refer to NAVFAC IM-22, Petroleum Fuel Facilities, for characteristics,
storing, and handling of gasoline. A life-cycle economic analysis is
required for the selection of a gasoline engine generator plant.

10.3 Gaseous and Dual-Fuel Fngines. Several considerations relating to
the fuel must be taken into account when designing nonstandard plants.
10.3.1 Gas Heating Value. Gasecus fuels include natural gas, and licquid
petroleum gases, such as propane. Digester gas may also be considered.

Prepare procurene.nt specifications for gas and for dual fueled engines, when
gas is one of the fuels, using the lower heating value of the gas fuel.
Engine suppliers can provide guaranteed performance levels based on the
chemical and physical ccmpos1tlon of the gas proposed to be used only if such
data is specified.

10.3.2 Wet Gas Treatment. Consult the engine manufacturer regarding

proper treatment of gasses containing liquid hydrocarbons (wet gas) when dry
gas in not available.

10.3.3 Gas Supply Shut—-Off. The hazardous nature of gaseous fuels makes
it necessary to provide devices that shut off the gas supply immediately on
engine shutdown for any reason, including low fuel pressure or loss of
igniticn.

10.3.4 Gas Pressure. The designer should determine the gas supply
pressure. If it does not exceed the minimmm reguirements of the engine, a
booster compressor may be required between the supply and the gas engine.
Same gas burning and dual-fuel engines require uniform gas pressure. In
these cases, an accurate pressure regulating valve should be placed near the
engine. It must be vented outdoors.
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Section 11: WATER CONDITIQNING

11.1 Purpose of Treatment. Cooling water must be treated to remove
chemical camponents of the water supply that produce deleterious effects in

the dlesel-engme cooling systems and allied equlpment

11.2 Choice of Treatment. The choice of treatment, type, and
facilities depends on the coollrg system, dmaractern.stics of the water
punp—— T . Ty . | PR Sy BN T Y amal debum  vds A wae o b f"-l‘
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information can be obtained oniy by a dertailed’ investigation of the water
supply. Water treatment consultants should be retained to analyze water
samples, recammend types of treatment, and the chemicals required for
intemal treatment.

11.3 Chemicals and Copversion Factors. For chemicals and conversion
factors used in water treatment systems, refer to the National Water Well

Association (NWWA), Water Conditioning Technical Manual.
11.4 Diesel-Electric Generating Plant Cooling Systems.

11.4.1 ww. Jacket water and lubricant cooling
syst:ems for diesel engines, in general, should be closed—circuit types

r_ﬁrﬂttr}_}'}g very little makenm water. In mﬂmf‘r\r t}}r\a M\th-g the same thd

is usually circulated through the engine jackets, turbocharger aftercooler,
lubricant cooler heat exchanger and fan cooled radiator. In smaller sized
units, the entire engine, generator, cooling radiator, radiator fan,
turbocharger, aftercooler, and cannecting piping systems are all
seifmumorpacmgmmascmunmsnu—ty‘ﬁé@bbasé When units are
of large capacity, the cooling air quantities became large, and the radiator
units are moved cutside the power plant building. In cases of larger
capacity units, the lubricant coolers can be incorporated with the radiator
arnd became air cooled by the radiator fans. In a marine envirorment
admiralty metal should be used for radiator construction.

11.4.2 Cooling Systems for larger Diesel Engines. In general, the engine
ccoling circuits remain the closed-circuit type with cooling supplied by an
externmal radiator, cooling tower, or other source of cooling water. The
primary cooling t'lu:.d can be cooling tower water, cooling pond, river water,
lake water, sea, or well water. Separating the primary and secondary fluids
bymearsofkeatacdwmgersisessentialtopmventhighmintemrmccsts
and reduced relmbnity of the engines ard heat exchangers. High

Tomrare AL me) el 14 $ ol b % 1 3 3 p—
corcentrations of dissolved salts, solids, anxd twrbidity in natural water

sources can cause these problems. Monitoring and treating cooling tower or
cooling pord makeup water is required to prevent fouling of heat exchangers
ocooling towers and basins. Where diesel-electric generating plants are
located in windy and dusty locations, the use of cooling water recirculation
filters will improve the reliability of the installation. In general, where
ambient temperature conditions are suitable, dry-type radiator (air) cooling
provides the most trouble and maintenance-free type of system. The need for
anly small amounts of water to make up that lost by expansion tank
evaporation reduces the need for extensive water treatment systems.
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11.4.3 Ocean Water Cooling. The use of ocean water as a source of
cooling adds the additional complication of an active corrosive fluid in the
system. The system must also be of the closed type with heat exchangers
provided to separate the primary and secondary cooling circuit fluids.
Corrosion resisting materials are required for seawater pumps, piping, and
heat exchangers, and special stainless steel alloys, titanium, or cother
exctic materials are usually employed. Extensive experience has been
developed recently in the installation and operation of desalination plants
of the evaporator and Reverse Osmosis (RO) types. Remaining maintenance
problems center arocund the primary seawater pumps, filters, and piping
elements. Small reverse osmosis plants could be used to produce suitable
makeup water for radiator type cooling where no cther scurce is available.
Reverse ocsmosis systems can also be used on brackish water or water with
other impurities to produce a satisfactory makeup water supply.

11.4.4 Exhaust Heat Reclamation. Where heat exchange silencers are
provided for cogeneration of hot water or steam, treatment of forced hot
water or boiler feed water shall conform with requirements of MAVFAC [M-3.06,
Central Heating Plants. See Table 11 for maximm boiler water concentrations
set by boiler mamufacturers to limit their responsibilities for steam

purity. Boiler water concentrations should be kept below (preferably well
below) these limits by the following means:

a) intermittent or contirmicus blowdown,
b) raw makeup water treatment,

c) feedwater treatment, and

d) internal chemical treatment.

See Table 12 for the effectiveness of some typical water treatment
systams.

Table 11
Maximm Boiler Water Concentrations

Total
Boiler Total Alka- Suspended
pressure solids linity solids Silica
{1b/in2)l (mg/1)2 (mg/1} (mg/1) (mg/l}

0-3003 3,500 700 300 125

tHulr.ip‘xy I1b/in2 by 703 to obtain kilograms per square meter.
IMilligrams per liter (wg/l) = parts per millinn (p/m}.

3Follov boiler manufacfurers recommended water quality criteria for
pressures above this level.
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11.4.5 Intermal Water Treatment. All heat generating systems and cooling
systems, where water is heated or evaporated leaving ammlative solids,
should be treated chemically while the system is in operation. Table 11
gives the limiting boiler water concentrations for steam boilers and

generators.

Table 12
Typical Performance of Same Water Treatment

Avarage Analypis of Effluent

Treatzent Hardness Alkalinity co2 Digsolved
(a9 CoCO) {as CaCO) in otean solids Silica
(ag/1)} (eg/1) (ez/1) {ng/1} (=g /1)
Sodtua reolite : 0 to2 Unchanged Lov to high Uachanged Unchanged
Sodium « hydrogan zeolite 0 to 2 10 to 30 Low Reduced Unchanged
Sodiun zeolite + chloride
anion exchanger 0ol 15 to 33 Low Unchanged Unchanged
Deaineralizer 0 to 2 0 to2 Ozto$ 0 to$ Below 0.15
Evaporator and reverse
acosis 0 to 2 0 to 2 0 tos QoS Below 0.15

! Milligraos per liter {ag/1) = parte per million {(pfa).

11.4.5.1 Blowdown. Intermittent and contirmuous blowdown help to ensure that
water quality limits are not exceeded. Treatment of water makeup assists in
limiting the amount of dissolved solids entering the system.

11.4.5.2 Chemicals Used. The actual intermal treatment with chemicals is
part of the operation. These chemicals can only be determined by water
analysis and the amount of makeup water required by the cooling system used.

11.4.6 Raw Water Treatment. Where turbidity is encountered in raw water,
the use of pressure filters with sand or anthracite media is recommended
upstream of all other treatment systems. Packaged pressure filter systems
for camercial and industrial use are available, ready for installation and
operation. Such systems are complete with all filter tanks, filter media,
piping, alum feeder, and valves. Where raw water contains excessive calcium
and magnesium ians, the use of pressure type sodium ion exchange systems
{standard water softeners) will usually produce an acceptable makeup water
for cooling tower amd closed circuit cooling system makeup needs. The
treating of camplex water campositions requires detailed chemical and
physical analysis and treatment recammendations by campetent water
cansultants.
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Water Treatment Selection Factors.

NUDLNT LUUS,

See Table 13 for a general

quide to possible means of avoiding circulating water problems. For

collateral reading on the problem, refer to "Water Treatment" in the American

Society of Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE),
Systems Handbook, Chapter 33.

Table 13

Circulating Water Treatment Selection Factors

Water Problem Once-Through Closed Recirculating Open Recirculating
Treatment System Treatment System Treatmeunt System
Scale Polyphosphates. Chemical cleaning of heating Continucus blowdown.
Hydrogen-ion con- equipgent. Softening, pH Polyphosphates,
centration (pH) con- control. - pH contral.
trol. Manual cleaning. Softening.
Manual ¢leaping.
Corroaion Corrpsion resiatant Corrosion resistant materials. Corroeion resiscant
materials. Deaerntion. materials.
Coatings. Corrosion inhibitors. Coatings.
Corrosion inhibitors. pH tonmtrol. Corrosion iphibitors.
pH control. pH control.
Erosicn Erosion resistant Erosion resiastant materiala. Erosion resistant
materials. Velocity limitations, materials.
Velocity limitations. Filtration. Velocity limitations.
Removal of abrasives. Filtration.
Slime and Chlorinater. Chlerinator. Contingous blowdown.
algae Chemical algaecides Chemical Algaecides, Chemical algaecides,
and slimicides, Manual cleaning. Velocity.
Manual cleaning. Manual cleaning.
Delignification None Rone pH control.
of wood
Fungus rot None Hone Pretreatment of wood.

11.4.8

Types of Circulating Coolant Systems.

The purpose of the

circulating coolant systems is to transfer heat from the heat generating
source to a lower temperature heat sink. Four examples of cooling systems
are illustrated as typical approaches to the plant design, see Figures 7, 8,

9, ard 10.

Efforts should be made to isolate the engine cooling circuits

from contaminated or dirty coolants as one means of ensuring proper engine
performance, maximm life, and minimum maintenance.
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Cooling Water Flow Diagram: Air-Cooled Radiator System
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Section 12: PIPING

12.1 Piping Material.

12.1.1 Specifications. Use the appropriate NFGS electric generating
plant specification to specify all piping materials for diesel

electric—generating plants with temperature service below 750° F (399° C).

1497 19 Mot Dt v Wl h\m b A ﬂ‘\n!’ﬂ mFﬂm A~ h
ic.i.¢c Metal Piping. Metal werlal CONior

I’ L WA Gk AT
American Soc1ety for Testing and Mate.rials (MIM) AS3, g;@_tg;,_gl_m
Hot-Di| d

12.1.3 Plastic Piping. Mﬂmxssmmofmmrequzrmmtsarﬂ
specifications by NAVFACENGORM, aaax&ssa.ng exterior distribution of salt
water piping systems, no plastic pipe shall be installed for this usage at
naval shore activities without prior approval of specified installations by
NAVFACENGOOM Headquarters. See NAVFAC [M-3.08, Exterior Distribution of a
MM&M for design guidance of

other exterior piping systems.

12.2 Pipe Thickness. Schedule mmbers listed in the American National
Standards Institute (ANSI) B36.10, Welded and Seamless Wrought Steel Pipe,
m@mﬂtocartainwallth;danssesformmlpipedmnetamarﬂamm
an approximate ratio of 1,000 times the intermal pressure (pourds per square
inch gage) divided by the allowable stress (powxds per sguare inch).
Schecdule numbers are superseding outmoded terms which indicated thickness,
such as "Standard, " "extra strong " and "double extra-strorg." For more

acourate formilas far P‘-@ th _k,r\pc:qpc:' refer to ANST B11.1, Power Pipina.
12.3 Riping Flexibility.
12.3.1 _Gg_rﬂ; va1de adequate flexlblllty in all plpl.rg systems

e w2 o L - Fuy -Foriy
W.IIDCLI-II.LIB IML LJ..I.L.LL]: u.lut:[ PLWU I‘I:Lt:{ ‘l-JJ fmvrm I.I..I_J UO, J.GH.L"J 4.1 =7

for expansion of metals with temperamres Provision must also be made for
restraint and quiding of piping in seismic zone areas, as outlined in NAVFAC

P-355, Seismic Design for Bujldings.

12.3.1.1 Thermal Expansion. Many methods of calaulating stress reactions
and movements in piping due to thermal expansions have been developed.
Several piping equipment mamifacturers supply calculation forms or graphs for

12.3.1.2 Pipe System Flexibility. An inflexible piping system can
overstress the piping and destroy comnected equipment and anchors. The
flexibility of a pipe arrangement can be determined on inspectian by an
experienced designer. Wwhere reascnable doubt of flexibility exists, make
formal piping stress calculations to verify that the stresses permitted by
Section 6 of ANSI B31.1 have not been exceaded and that piping reactions and
mments at the equipment camections of anchors are not excessive.
Flexibility of a piping system may be abtained by methods described below.
Refer to seismic design requirements in Section 15.

[$1]
(4]
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12.3.1.3 Obtaining System Flexibility. The following are available methods
for obtaining pipe system flexibility:

a) Offsets. Changing the pipe direction is the most econamical
method of flexibility control when feasible, especially when used with ball
joints or grovoved couplings.

b) Expansion loops. Use expansion loops to limit pipe stresses
and to gain the necessary flexibility where changes in pipe direction cannct
be used or are insufficiently flexible. Pipe loops and offsets are preferred
over bellows or slip type expansion joints as they have high reliability, are
maintenance free, and require less anchorage and guiding.

T ra f er er a2 et e LAty =1 R =L P LY e e § S — S e i N e

as in a trench, expansion joints of elther the bellows or slip type are
applicable for axial movements, and the bellows type for same lateral
movement, when the bellows is de.519ned for it. Both types may be used for
service pressuxes up to 250 lb/m (17 5 kg/c:mz) for saturated steam. Higher

do e s | T U T R S . [, P p—— H

LﬂlwaLuer nave a GI‘.HJ:‘-(J..OIEI..LIH ELL&:C rnl LUB PAUKLILIS UL L-llE bJ.J.P LYE.E
Also refer to NFGS-15711, Hot-Water Heating System, and NAVFAC M 3.08.
Maintaining pipe alignment is essential to the proper operation of all types
of expansion joints.

c) FEwnansion Jointe. Where space cornditions are very rqu'r'w-i-nd

d) Pipe Sections with Ball Joints or Grooved Couplings. Where
pressure conditions permit, pipe sections with ball joints or grooved
connections may be used for three dimensional movements. Ball joints and
grooved couplings are self-restraining; their proper use can minimize the
need for anchors and pipe aligrmment guides. Proper selection of ball
coatings and seal materials will ensure lengthy low maintenance life.
Grooved coupling gaskets shall be of materials suitable for the fluids and
the temperatures involved.

12.4 Anchors and Supports.

12.4.1 Iocation. Iocate anchors to control pipe line expansion and
contraction characteristics and to limit movements of branch takeoffs from a
main line. Careful consideration should be given to placement of anchors in

niriry evckome Nfrarm o mare Flavikhila envgedsm and Toagay cbyocoas twrill roenl+s
PLpPATE SYySLCIis. VILEL @ AR T LaGALT Dyouidn disd aUWSL Sul Wildi LTOUL W

by the use of a minimm mmber of anchors, except in long streight lines.
Anchors must be provided to limit lateral motion of piping systems due to
seismic forces when installed in active seismic zones.

12.4.1.1 Stops and Guides., Use stops or dquides to direct movements away
from sensitive equipment such as pumps or turbines or to keep axial
aligmments, particularly at expansion joints.

12.4.1.2 Rigid Hangers. Use roller or rod rigid hangers where vertical
movement is limited but not where they interfere with pipe flexibility.
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12.4.2 Anchor and Support Types. The following describes anchor and
support types:

a) For moderate vertical movements, use spring hangers with
provisions for adjustment.

b) For large vertical movements, use campensating spring or
caunterpoint hargers.,

c) For resilient or vibrating corditions, use nonresonant,
constant-support, sway hangers.

d) Anchor reactions are obtained from flexibility calaulations.

12.5 Welding.” For welding of pipe joints, refer to ANSI B31, the
American Society of Mechanical Engineers (ASME), Boiler and Pressure Vessel
Code SEC 9, Qualification Standards for Welding and Brazing Procedures and
NFGS-15711.

12.6 Flows and Recommended Velocities. Refer to NAVFAC (4-3.08 for
flows and recommended velocities.

12.7 Valves and Specialties. Refer to NAVFAC IM-3.06, Central Heating

Plant, for valves and specialties.
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See Table 14 for characteristics and temperature
use limits of insulation materials applicable to diesel-electric generating

plants.
Table 14
Characteristics of Thermal Insulation Materials
Accepted
Maximum Densit Typical Conductivity at Mean Temperature?
Form Material {Composition) Teﬂinriﬁx:e 1b/ it 7 100 200 300 500 700 300
opl
Blankets, Mineral wool (rock, slag
or glass):
Meral reinforced 1,200 6-15 0.29 0.35 0.42 0.56
Felt-flexible type 450 0.5-3 0.23 0.25 0.26 0.34 0.45
Felt-gsemi-rigid type 450 2-8 0.24 0.25 0.27 0.35 0.44
Calcium silicate 1,200 11 0.33 ¢.38 0.43 Q.53 0.54 Q.75
Cellular glass BOO 9 0.37 0.39 0.4} Q.48 0.53
Blocks & Corkboard {without added 200 6.5-8 0.26 0.27 Q.28
boards. binder)}. .
Diatomaceous silica 1,500 22 0.60 0.66 0.68
1,900 25 0.70 0.75 0.80
Pipe Hineral wool {rock, slag
Insula- or glass):
tion. Low temp (asphalt or 200 6-18 0.28 0.29 0.30
resin bonded)
High temp (resin bonded) 600 6-10 0.28 0.35 0.43
{With inorganic binder) 1,600 16-24 0.34 0.39 0.446 0.54 0.64
Plastica {foamed) 175 1.6 0.26 0.28 0.30
: Rubber (foamed) 150 5 0.23 0.24 0.25
Calcium silicate 1,200 11 0.33 0.28 0.43 0.53 0.64 0.75
Celiular glass 80O 9 0.37 0.39 0.41 0.48 0.55
Cork {without added 200 7-10  0.27 0.28 0©0.29 0.30
binder},
Diatomaceous ailica 1,500 22 0.66 0.66 0.71
1,900 5 0.70 ©0.75 0.80
Insu~- Mineral wool {rock, slag
lating or glass):
cement. With colloidal clay 1,800 24-30 .49 0.61 0.73 0.83
binder.
' Low temperature {asphalt 200 15 0.28 ©0.30 ©.33 0.39
. or resin bonded).
| Low temperature (fine 450 3 0.22 0.23 0.24 90,27 0.31
fiber resin bonded).
High temperature blanket- 1,200 6-15 0.29 0.36 0.42 0.56
type (meral reinforced).
Plastics (foamed) 175 1.6 0.26 0.28 ©0.31
Rubber {(foamed). 150 5 0.23 0.26 0.25
1These Lemperatures are generally accepted as wmaximum. When operating temperature approaches

these limits, the manufacturer's recommendations should be Followed.

2Thermal conductivity {k) of industrial and
is expressed in (Btu) (fe}/(h) (£r?) (oF).

3Conversion factors are as follows:
oC = (°F - 32)/1.8
kg/m3 = (1bs/£c2)(1.6)
(W) (cm)/(em?)(0C) = (.0173)(Btu)(EE)/{h}{fc2)(OF)
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13.2 Insulation Applications. Use criteria in NFGS-15250, Insulation of
Mechanical Systems to specify materials for insulating amd covering piping
and equipment. Special insulation is included for engine exhaust piping.
Water and lube oil lines to generators are not specifically covered. Such
lines attached to the erngine or with a flow path through the engine are
considered to be in the temperature range of 140° F to 200° F (60° to 90° C)
and therefore require insulation. Only asbestos-free materials shall be used
for insulation, as is required in OPNAVINST 5100.23, 17005(a), Navy
Oexrumational Safetv and Health Proaran.

13.3 Economic Thickness. The computer program of the Thermal Insulation
Marmfacturers Association (TIMA), How to Determine the Foonomic Thickness of

Insulation, should be used to select the most cost effective thickness.

13.4 Fire Limitations. Building and equipment insulation material should
haveaflamespreadrata.ngonSorlas arnd smoke developed rating of 50 or
less when tested in accordance with ‘the Arerican Society of Medmaniml
Engineers (ASTM) E-84, ace stics of Buildi S.
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Section 14: CORROSION PROTECTION

14.1 Justification for Corrosion Protection. Corrosion can occur in
almost every metallic substance to same degree and in many cases to a severe
degree. A corrusion protection program directed against severe corrvsive
corditions must be justified on the basis of economy, necessity, and hazards.

14.1.1 Econamy. The owning, operating, and maintenance costs of a
corrosion protection program should be less than the sum of the following:

a) costs of direct loss or damage due to corrosion of metal
structures,

b) costs of maintenance attributed to corrosion, including
indirect losses, such as leakage loss of tank contents,

c) cost increases for "overdesign" in excess of actual
requirements to allow for corrosion losses, ard

d) costs of shutdown, power failures, labor losses, and other
items.

14.1.2 Operational Necessity. Military facilities must be maintained in
a state of readiness at all times, with the importance of the mission
determining the degree of necessity for corrosion protection.

14.1.3 Hazards in Handling Materials. Preventive measures are necessary
where deterioration of structures serving fluid or gas piping, storage, or
using equipment, may result in dangercus losses by fire and explosion.

14.2 Causes of Corrusion. Corrosion is the disintegration of a metal
by one or more of the following causes:

14.2.1 Electro~Chemical (Galvanic).

14.2.1.1 Dissimilar Metals., Two contacting dissimilar metals or portions
of a metallic substance in contact with an electrolyte, such as water, soil,
or chemical solution, will- cause an electric current to flow fram the
relatively positive—charged metal (anode) to the relatively negative—charged
metal (cathode); as a result, metal ions go into solution.

14.2.1.2 Corrosion Protection. Refer to NAVFAC [M-4.06, Lichtning and
Cathodic Protection, and NAVFAC IM-5.07, Civil Engineering, Water Supply
Systems, for additional details.

14.2.2 Differential Ervirormments. Metals immersed in substances having
different concentrations of ions (such as different soil compositions) will
result in corrosion.
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14.2.3 Stray Currents. Small electric currents may stray from sources of
direct current and cause corrosion of metals in their paths.
14.2.4 Chemical Attack. The basic action of chemical attack is

electro—chemical; the attack on metals is usually uniform rather than
localized.

14.2.5 ‘Microbiological (Tuberculation). This type of corrosion produces

14.2.6 Atmospheric. Corrosion of metals exposed to high mmidities (over
70 percent) and high concentrations of airborne sulfur and carban oxides.
Salt-laden atmospheres are also very cammon in coastal areas. As naval
installatians are usually close to the ocean or other waterways, careful
attention must be paid to the selection of materials used for constxuction,
surface treatment, concrete reinforcement, electrical conduits, support
struchures, piping, and similar companents.

14.2.7 Stress and Fatique. Stress and fatigue of metals usually do not
initiate corrosion, but in most cases they may accelerate it.

14.3 w"——-“-!,hw;cn Control Methxds. Use aone of the following methods to
control corrosion.
14.3.1 Nommetallje Materials.

14.3.1.1 Inorganic. The substitution of inorganic materials for metals in
corrosive envirorments is often desirable; for example, reinforced concrete
pipe and vitrified clay pipe may be used for carrying acids and alkalies in
corrosive soils.

14.3.1.2 pPlastics. The use of chemically synthesized materials as
substitutes fornetalsmstbeappmvedbythemvmmﬁeadquarters
Plastics and other nonferrous fibers can significantly increase the toughness
of cancrete. Refer to NAVFAC M-3.08, M&D&M}.@__ﬁiﬂ'—l_léﬁ!

Steam, HTW, CHW, Fuel, Gas, and Compressed Alr, for quidance amd criteria for

the use of inorganic piping materials. Refer to the American Concrete
Institute (ACT) 544.1, State—of-the-Art Report on Fiber Reinforced Concrete.

14.3.2 Passive Metals. Metals which are passive to their enviroments

may be used, such as:

a) oopper and its alloys,
b) lead and its alloys,

c¢) iron alloys (austenitic gray, high silicon,
iron-chronium-nickel, ni-resist, ductile),

d) stainless steels (selective alloys),

FE I aiaiat® |

e) hastelloys,
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f) monel, and

g) columbium, zirconium, titanium.

14.3.3 Metal Protection.
14.3.3.1 Protective Coatings for Corrosion Control. See Table 15.
Table 15
Protective Coatings for Corrosion Control
Covering Material Environment Metal Surface
Paint Primer Dry interior atmosphere Equipment and piping.

Shopcoat:
Alkyd Humid exterior atmosphere Equipment and piping.
Phenolic Freah water immersion Equipment and piping.
Vinyl Fresh and salt water immersion Equipment and piping.

Silicon (400° to 800OF)!
Aluminum flake {1,200°F)

Hot atmosphere
Hot corroaive atmosphere

Stesl stacks.
Steel stacks.

Coatiangs (5 to
20 mila).

Coal tar bitumen

Coal tar bitumen Underground and fresh water
immersion

Underground and salt water
immersien

Asphalt

Polyvinyl chloride (PVC)

Porcelain enamel (1,000°F)

Underground
Hot corrosive atmosphere

Ferrous pipe.
AWWA G2032

NAVFAC T5-09805.23 }
Rot recommended.

Pipe.
Steel atacks,

Linings {50 mils Plastics Corrosive contents Pipes and tanks asp
and more). approved by NAVFAGC
Rubber Corrosive contents Pipes and tanks.
Cement Ferrous pipe.
Lead, Corroaive contents Pipes and tanks as
approved by NAVFAC
Temporary Grease Storage of metals.
Calvanizing Molten zinc bath Corrosive atmospheres Pipe and sheet metal.
Sherardizing Zinc dusc applied by cementation Corrosive atmospheres Base for paint on metals.
Electroplating Zine, cadmium, chromium, and nickel Corrosive atmoapheres Ornamentation.
by electroplating.
Matallizing Molren spray of ziac aluminum, Corrosive atmospheres Replace spent metal.

1

1
copper, stainless steel.

! Conversion to oC =

(or - 32)/1.8.

2 American Water Works Association {AWWA), Coal-Tar Prchective Coatinge and Linings for Steel Water Pipelines - Enamel
and Tape-Hot-Applied.

3 NAVFAC TS-09805.2, Coating Systems (Vinyl and Epoxy) for Sheet-Steel Piling and Other Steel Waterfront Structures.

14.3.3.2

Ferrous Metals

Because ferrous metals are not passive to most

enviromrments, they must be protected by isolating them fram their
enviromments.
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14.3.3.3  Aluminum, Magnesium, and Their Alloys. Alumirum, magnesium, and
their alloys are actually used as sacrificial anodes. Alumimm alloys coated
with pure alumiram (duralumirmum) become corrosion resistant because of the
rapid formation of a hard alumimm oxide that forms an the surface of the
pure alumimm extermal surface.

14.3.4 Changes of Enviromment. Surroundings may be changed by any of the
following methods:

Water Treatment. Refer to Section 11.

14.3.4.2 Inhibitors. These substances retard corrosion by increasing the
polarization rate at either an anode or cathode metal or both. They can also
build up electrically resistant films in the conduction paths between anodes
and cathodes. See Table 16 for inorganic corrosion inhibitors. Organic
inhibitors are, for example, glucosates, amines, phenylhydrazines, and
similar substances.

14.3.4.3 Soil Alteration. Replace corrosive soils with sand or treated
soils, or change soil characteristics by providing adequate drainage.

14.3.4.1

Table 16
Inorganic Inhibitors and Corrosion Systems

Approx. Inhibitor
! Iahibitor Concentration Corrosive Environment Motallic Systeas
' (1)
Glassy phoaphates Saall aoount Woter systenms Steel.
Potassiuo dichronate 0.05+0.2 Top water Iron-brass.
Fotassium dihydrogen + 5.0 Ssavatar 8teel,
phosphate + sodium
nitrite .
Potsssiun permanganate 0.10 0.30% N NaOH soluticn Alunioun. H
Sodiun benzoate 0.5 0.03% HaCl solution Hild steel.
Sodiua carbonats Scall eowunt Gos~condengate wells lron.
. Sediua chroaste 0.5 Cooling water Electrical rectifier
’ systens.
Sodiun chromate 0.07 CoClz brine Cu, brass. ]
* Spdiua dichrooate 0.023 Air-conditioning water Air-conditioning
equipoent.
Sodiun dichroasts a.1 + 005 Watar Heat-exchangers.
+ sodiun nitrate
Sodiun hexanetaphos- 0.002 Water about pH & Lead.
! phate
Sodium cetophosphate Eaall amount Aconis Mild-steel
condensers.
| Sodiun aitrite 0.005 Water Mild-steel.
=Sodiun nitrite 201 of seavater Seavater/distilled
! vater mixtures.
iSodiu::n orthophosphate 1.0 Water pB 7.23 Iron.
Sodiua silicste Smoall emount Seawvater Zn, 2o-Al alloys.
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Section 15: MISCELIANEQUS CRITERIA

15.1 Site Considerations. Consideration should be given to local
corditions where may it require modifications to definitive drawings and NFGS
specifications (refer to Section 1). Some of these conditions to be
considered are as follows:

a) general site selection as it affects substructure, flood
protection, proximity to load, cooling water source, corrosicon due to salt
water spray, etc. (site elevations will also affect diesel engine output.),

b} climatic conditions which affect engine coocling system,

ES e R R e R R B V\-Il\o-l..la Llaﬂ", ‘%th&..r".' ’wl'fl.l'r" r \et-c [}

fe expectancy of a plant which will affect the type of

f) necessity for construction heating in cold climates.
15.2 Hazards Safety Protection.

15.2.1 Local Codes. All equipment shall comply with state and local
Safety Codes.

15.2.2 National Industrial Safety Codes. The following codes apply:

a_x) The Amerlcan National Standards Institute (ANST) Al2.1 Flcor

LAl Al AN A Vil B ANAIL

b) ANSI Al4.3 ladders Fixed.

Y AMCOT PE2 1 Mwleav Medas a0 Marbirms Tharoisoal Haoaredo
b’ FALBIL D e A NASLVIL  VNAARLC LWL L'JC-LLM.IH rlL:D.l.LrGl.l. 11 LA VA-T s

d) 29 Congressional Federal Register (CFR) 1910, Occupational
Safety Health Administration (OSHA) General Industry Standards.

5.2.3 Fire Protection. See Military handbook, MIL~HDEK-~1008, Fire
Prctectlon for Facilities Engineering, Desigqn, and Construction

15.2.4 Security and Safety Protection. See NAVFAC IM-1 series,
Architecture; NAVFAC IM-5.12, Civil Engineering, Fencing, Gates, and Guard
Towers; and NAVFAC MIL-HDBK-1013/1, Design Guidelines for Physical Security
of Fixed Iand-Based Facilities.

15.3 Architectural Criteria. Refer to NAVFAC IM-1 series.

15.3.1 Geperal Requirements. The definitive drawings (refer to
Section 1) show the general plant arrangement.
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15.3.1.1 Definitive Designs. In general, a diesel-electric generating type
power plant should have two-level-type construction for Definitive Designs 1,
2, and 4, and ane-level-type construction for Design 3. See Tables 1 and 10.

15.3.1.2 pBuilding Extensions. Lean—to type extensions to the main
generator building to house auwxiliaries and switchgear should be used to
reduce building volume.

15.3.1.3 Provisions for Future Pxpansion. Contract drawings of
diesel-electric generating plant buildings should provide an easily removable
end wall for future expansion and provision for removing generating units
from the building.

15.3.2 outdoor and Semi-Qutdoor Plants. Plants without walls, or with
some walls eliminated, may be feasible in warm and temperate climates thereby
recucing construction costs. Proper measures must be taken against freezing
of stationary water. Protection against wind, rain and typhoons must be
oonsidered, together with noise control requirements and security. Equipment
that is weatherproofed for outdoor service saves costs of building
construction; however, operation and maintenance of equipment is made more
complicated amd costly. Packaged, stand-alone units have their own
enclosures and are allowed in smaller sizes; however, they must meet all
other criteria. Plant site conditions should be studied and an econamic
study should be conducted to determine whether indoor or outdoor housings
should be specified.

15.3.3 Arrangements. The following features for architectural
arrangements should be considered:

a) minimize the total building area and volume where practicable,
and also maintain adequate space for installation and for subsequent
equipment. servicing and replacement,

b) centralization of electrical equipment and controls,

c) adequate aisle and laydown space,

d) adaptahility to variocus makes of equipment,

e) adaptability tn definitive designs,

f) 1localizatiaon of operations,

g) ease of replacing equipment and extending the plant life,
h) ease of plant expansion,

i) loading and unloading fuel and egquipment, ardparkugfor
autamobiles and trucks,

j) toilets, lockers, showers, work shops, offices, storage, and
cantrol roans,

k) equipment platforms with proper access,
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1) access through floors into basement areas for installation,
servicing and removal of eguipment, and perscnnel access,

n) acid-resistant floors and drains should be provided for
battery roams covered by definitive d&;igns A separate battery roam may not
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15.3.4 Noise Control. Noise from the engine-generator units must be
cansidered in the design. See IM-3.10, Noise and Vibration Control of
Mechanical Equipment. The definitive drawings provide enclosed work spaces
for supervisory and operating personnel with sound-reducing windows for
chservation of plant operating machinery. BAcoustical treatment should be
designed in accordance with the following considerations:

a) While it is extremely difficult to predict noise levels in
engine—generating spaces, the data from three different engine marmufacturers
can be used to permit approximation of noise levels for initial design.

b} In engine—generating spaces, it may be impossible to

.
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i.e. 84 dec:.bels (db) or below. After the plant is in operation, sound
levels should be measured to determine what persanal protection is required
to meet Code of Federal Regulations (CFR) 29 CFR 1910, Occupational Safety
and Health Administration (OSHA), Safety and Health Standards.

c) Design of roams with cperating personnel such as control areas
should be acoustically treated to provide attentuation of maximm sound
levels to 45 db under normal engine-generator operating conditions and 55 db
when all engine-generator units are operated at their nameplate rating.

15.4 Structural Criteria. Refer to WAVFAC IM-2.01 Structural
15.4.1 Foundations. F"Lectrlc-aanemt'lm plary ocurdations rmun-p

careful design because sites are frequently on marshy or filled ground close
to surface waters and/or to the groundwater table. A detailed subsurface
study is necessary in all cases to properly access the structural needs for
the building and equipment foundations. (Refer to Section 5 for

s % . tar . e, e A s e ) e Vo ol s o mmmaa o s dmle o s A ) B ) .

engine—generator foundations.) Seismic requirements for the site shall be

investigated as they pertain to foundations.

15.4.12.1 Extra Piling. Silencer and stack foundations, fuel oil tanks,
and other heavy auxiliary equipment may require extra piling.
15.4.1.2 Definitive Pesigns. Definitive drawings (refer to Section 1) show

the preferred building construction.

15.4.2 Floor Ioads. The design of the engine room floor must provide for
a minimm 200 1b/ft2 (976 kg/m2) live load.
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15.4.3 Platforms and Iadders. Provide platforms with ladders at
alllocations requiring access for operation, maintenance, and cleaning for
systems that are more than 4 feet (1.2 meters) above the ground floor.
Connect long platforms to two means of egress or ladders.

15.4.3.1 ladders. Systems and access doors need anly ladders for

15.4.3.2 Platforms. Toe guards and railings ghall be provided an

15.4.4 Cranes and Hoists. See NAVFAC 4-38.0), Welaht-Handling Fquipment
and_Service Craft; for types and design criteria and also Section 5.

15.5 Tyrhoon and Seismic Oonsjderations. Interior and exterior
mechanical equipment and systems should be anchored, braced, or quyed (as
required) to withstand the wind loads (pressures) and seismic zone lateral
accelerations specified for design of structures. Seismic design shall
comply with criteria and requirements indicated in NAVFAC P-355, Seismic
Design for Buildings.

15.5.1 Piping and Raceway Systemg. All systems should be designed to
permit freedam of movement of the pipes or raceways caused by expansion and
contraction but shall contain their lateral movement due to seismic
ocanrrences. Penetration through building walls and floors should be made
through sleeves, and with swing joints or other means of permitting
indeperdent pipe or raceway movements. All piping or raceways critical to
tha %mf1m of the plant should be steel or other structurallv stronc

st L SRLSAE Ty

materials, if possmle, in lieu of brittle materials, such as plastic or cast
iron. Materials containing asbestos shall not be used.

15.5.2 m_a_;m Allnedxamcala:ﬂelectricaleq.xipnentarﬂtarﬁcs
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should be seajre.l.y ancnorea D Wisir l:wmaum'ls DI-IPEDI.T-‘: for a;u.me::nr.
should be steel in lieu of cast iron where practicable.

15.5.3 Controls. OControl systems should be designed so that loss of the
control media (air, hydraulic, or electric) will leave the control in a
fail-safe position, capable of being operated marually.

15.6 Heating, Ventilating, and Adir Conditioning. Refer to NAVFAC

M-3.03, and Department of Defense (DOD) 4270.1M, Construction Criteria
Marmual, for criteria.

15.6.1  Heating Diesel-Flectric Generating Plant Buildings. Buildings for
prime duty and standby/emergency duty diesel-electric generating plants
should be heated and ventilated. Refer to NAVFAC [M-3.03, Heating,

rer.lal--l'lab-m AL Msb\mqm o pid I"\n\mm‘iﬂi Frri v E\rr—lﬁ-ﬁrs fcr ml{-av1n

Heating and vem:a.lating systems for control rooms, switchgear roams, offices,
and critical parts storage should be provided with a system separate fram the
main engine-generator and auxiliary roam system.

15.6.1.1 Exhaust Gas Heat Recovery. Prime duty generating plant building
ard process heat should be provided by exhaust gas heat recovery boilers
where econcmically feasible. wWhere the heat recovery boilers do not provide
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sufficient output to satisfy the loads, jacket coolant and lubricant heat
recovery should be considered, and then the use of auxll].ary oil-fired
heating boilers. A llfe—cycle econamic analysis is required to justify the
increased construction cost and maintenance of heat recovery systems.

15.6.1.2 Auxiliary Heating Boilers. Auxiliary oil-fired low-pressure
heating boilers should be used to provide building heat for standby/
emergency duty dlesel-electrlc generating plants durmg perlods when the

I . | T S

plants are not in operation. For standby/emergency duty generating plamnts
the use of exhaust amd jacket coolant heat recovery systems usually are not
econamically feasible if plants are not operated on an extensive and regular
basis. An econamic analysis is required to justify the increased
construction and maintenance cost of the auxiliary boilers and accessories,
if the waste heat is available only on a part-time basis.

15.6.1.3 Combustion Air. Diesel engines may require heated cambustion air
if taken directly from the cutside during periods of low ocutside ambient air
temperature., Low cambustion air temperature results in engine st_:a;rt;l_rg
problems with most diesel engines. If cambustion air is taken from inside
the building during those periods, the makeup air will require filtering and
heating or tempen.rx_:g before being delivered to the engine rooam. It may be
more econcmical in same cases to provide engine jacket water ard lubrication

M1l hasdEiry Fa rrrnrids mininnmm ok a3 v oreunaes e o - Y
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low-temperature applications.

15.6.2 Ventilating Diesel-FElectric Generating Plant Buildings.
15.6.2.1 Engine Roams. The following minimum considerations shall be used
to determuxe ventilation requirements:

a) Radiant and conducted heat fram the engine and may be as high
as 7 percent of fuel input. BExact data should be secured fram the diesel
ergine manufacturer.

b) Air intake requirements for ventilation (space coolug) and
cambustion air (if taken from the roam interior) must be considered in sizing

1 avers and/or crx:m'lmc'.

c) COConsider radiator fan air requirements, if radiator units are
installed inside the main generator roam without dedicated coocling air
supplied from the cutside. Dlscharge aJ_r should be ducted to the outside.

| o PRUR . JUN VO — Al R e AL
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d) When the ergine is running, cooling air makeup may be brought
in through gravity roof ventilators, for engines with radiator units
installed inside the main generator roam. Roof ventilators will act as a
natural draft exhaust when the engine is not operating.

e) Sidewall louvers should be provided for cooling air makeup and
for room ventilation when roof ventilators are not practicable.

f) Consider freeze protection in all cases.

g) In no case shall ventilation be provided at lower rates than
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given in Table 17.

h) Ventilating rates are based on 104° F (40° C) or 122° F (50°
C) ambient temperatures for the generators, motors, and sw1td'l;ear Higher
pe_rmsszlble ambient temperatures and lower temperature rises for the electric
equipment will affect the rates accordingly. When an indoar engine roam
design temperature exceeds 122° F (50° C), use top—gquided generator air
discharges in conjunction with power roof ventilators to avoid
recirculation. Maintain suitable ambient air temperatures entering the

generators.

15.6.2.2 Battery Room. Battery roams should normally be exhausted at a
minimm rate of 800 cfm (22.6 cubic meters per mimite) or 6
air-changes-per-hour, whichever is greater. This will prevent hazardous
hydrogen gas buildups. Fans shall have nonsparking wheels and motors shall
be located out of the air stream.

Table 17
Minimum Engine Roam Ventilation

Cubic Feet per Minute per Inotalled
Kilowatt Generating Capacity of
v the Engine Roono

. Sumner Design

Outdoor Dry
Bulb Temperature 1

of oF (oC) Sucmer Design Outdoor

Belative Humidity
Below 3OX 30-502% Above 503
“Above 100° (389) 16 28 32 I
, 90° (320) -
) 100° (389) 12 16 24
1ae1w 909 {329) 8 12 16
15.6.3 Air Conditioning of Rooms. Air conditioning may be provided in

control rooms, switchgear roams, offices, critical parts storage, and repair
roams, where warranted by climatic conditions of the station. Mechanical
vermlatlmnaybeadeqlatemmanycases Note that an economic analysis is
required for air conditioning of switchgear and mechanical equipment roams.

A DOD waiver is required.

15.7 Plumbing. Refer to NAVFAC DM-3.01, Plumbing Systems.

15.7.1 Drains. Provide drains for the following and for all drain and
drin nllartiem eintas

ol T . . Vet ol il & W“l_ﬂ.

o 4
a) punp bases,
b) oooling water from purmp stuffing boxes, and similar sources,

c) demineralizers (acid and water), water filters, ard softeners,
and cother water treatment systems,
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d) diked areas for above ground oil storage (Diked area drains
should be fitted with caps or valves for manual control and spill
contairment. Provide concrete sumps for drainage of diked areas.), and

e) miscellanecus drains fram expansion tanks, heat exchangers,
towers, radiators, compressed air receivers, air dryers, and similar
equipment.,

15.7.2 Water Line Equipment. Conplete the following requirements and all
connections called for in the definitive drawings (refer to Section 1).

a) comnections for filling closed circulating systems,

Aot
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c) furnish hose bikbs on water lines for floor wash-down and
similar uses, and

d) furnish fire hose at each end of the main generator roam.

15.7.3 Battery Rooms Emergency Showers and Eye Wash Facilities. Provide
battery roams with emergency showers and eye wash facilities as specified by

OSHA 1926.403, Battery Rooms and Battery Charding.

15.7.4 Compressed Air. Refer to Section 5 of this mamual for camments
and requirements on engine starting. Camply with the engine manufacturer’s
recammended sizes and pressures of campressor units. Startlng air receivers
shall be prov1ded together with a station senuce air receiver when air
starting is provided.

15.8 Electrical Criteria. Refer to NAVFAC M 4.04, Electrical
Engineering, Electrical Utilization Svstems, for general electrical criteria,

15.8.1 Station Service Transformers. Station service transformers should
be sized so that ane transformer can be shut down without in any way
campromising the ability of the plant to operate at full capacity.

15.8.2 Lighting. Minimm lighting intensities shall be in accordance
with the Illumination Engineering Society (IES), Lighting Handbook
requlrexrem:s Battery—-operated emergency light sets should be provided in

erglne, sw1tchgear, a.rx:lcontrolmnsasamnnmnnrequlrerrent Emergency
J.J.gnl_ sets should conform to the rE!qulrE[rentS of Federal

Specification W-L~305, Light Set, General Illumination or
Auxiliary). Otmsideration should be given to using indirect and/or dimmable
lighting in console areas to reduce glare on display panels.

15.8.3 Receptacles. Convenience outlets should be mounted generally on
each building coluwm of the generator space, approximately 15 ft to 25 ft
(4.572 m to 7.62 m) on centers. Locate welding cutlets (60 A, 480 V, 4-pole,
3-wire, grounding type) such that each outlet can be used for maintaining two
engine-generator units.
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15.8.4 Hazardous Area Requirements. Hazardous area requirements anly
apply where flammable and cambustible fuels, e.q., gasoline, natural gas, or
propam are used to supply engine-generator units. Properly ventilated

I g [ Yo _..A_ e e e b e S ns meme i A b A
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15.8.5 El -
mte.rferencerequuenmﬂs(ml) forengmgamtarsamaddrssadin
MIL-STD-461, Electromagnetic Pmission and Susceptibility Requirements for the
Oontrol of Electromagnetic Interference, under requirement UMO4. The emission
and susceptibility requirements apply only to units supplying power to or
used in critical areas. The requirements are mandatory only for smaller
engine-generator unit sizes. Contact the command or the agency concerned to
determine if electromagnetic control is needed. Emission and radiation
susceptibility protection should be a requirement of the engine-generator
mamifacturer; sm:hprctectimslwuldnotbeproudedbygene.ratorhaildug
shielding. BMI protecticon is standardly provided for voltage regulators.

15.8.6 Liohtnina Protection. r‘mmdim and bhandinag nrotection
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requirements for electric—generating plant.s are covered in IM-4.06, Lightning
and Cathodic Protecticm.

15.8.7 Enerqy Conservation. AmmmpowerfactorofOBstreqmrai

%, p— — I e n T h e
wiele d pOWel 1alool Ol v, canmnot be met by the use of e.m-,,'—cffic1=.

motors, power factor correction must be provided by other means.

OO
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15.8.8 Controls and Alarm Systems. Electric power for engine and
genemtorcmtmlarﬁalamsystensslmldbesupphedfrmnthesmtmn
battery. The starting system battery should not be used for this purpose. .
when the size of the engine—generator plant does not warrant a station
battery, consider providing a battery backup system to allow safe plant
shutdown during a cammercial power cutage.

15.9 Energqy Monitoring and Control Systems. Energy Monitoring and
Control systems (EMCS) are addressed in NAVFAC [M-4.09, Energy Monitoring and
Control Systems, and in the following NAVFAC quide specifications:

a) NFGS-13947, Eperuy Monitoring and Control System (EMCS),
large System Confiquration.

b) NFGS~13948, Enperqgy Monitoring and Control System (FMCS),
Medium System Confiquration.

c) NFGS-13949, Enerqgy Monitoring and Control System (FMCS),
Small System Confiquration.

d) NFGS-13950, Eneruy Monitoring and Comtrol System (EMCS),

et e e n._.n-__._A.-_

Micro System Confiquration.
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INSTRUCTIONS: In & continuing effort Lo make our standardization documents better, the DoD provides this form for use in
submitting comments and suggestions for improvementa. All users of military standardization documents are invited to provide
suggestions. This form may be detached, folded along the lines indicsted, taped along the loose edge {DO NOT STAPLE), and
mailed. In block 5, be aa specific as possible sbout particular problem areas such as wording which required interpretation, was
too rigid, restrictive, loose, ambiguous, or was incompstible, and give proposed wording changes which would alieviate the
problemus. Enter in block 6 any remarks not related to & specific paragraph of the document. If block 7 ia filled out, an
acknowledgement will be mailed to you within 30 days to let you know that your comments were received and are being
considered.

NOTE: This form may not be used to request copies of documents, nor Lo request waivers, devistions, or clarificetion of
specification requirements on current contracts. Comments submitted on this form do not constitute or imply authorization
toc waive any portion of the referenced documeni(s) or to amend contractual requirements.
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