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SECTI ON 26 32 13.00 20

S| NGLE OPERATI ON GENERATOR SETS
08/18

NOTE: This gui de specification covers the

requi renents for 1800 rpm di esel engi ne-gener at or
sets with ratings up to 2000 kWat 0.8 power factor
i ntended for use in |ow voltage, non paralleling,
energency el ectrical power systems neeting

requi renents of NFPA 70, NFPA 99, and M L-HDBK-1191

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate information.

Rermove information and requirenents not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel cone and shoul d be
submitted as a Criteria Change Request (CCR.

*% *% *% *% *% *% *% *% *% *% *% *%%
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NOTE: This guide specification will require

nodi fication for applications where automatic
transfer switches are not used. Wen generators are
to be operated in parallel with utility or with

ot her generators, and for medium voltage (greater
than 600 volt) systenms, contact the responsible
Facilities Engi neering Conmand (FEC) for

determ nation as to which specification or sanple
specification is to be used. |If Echelon Il

Reach- back Support form NAVFAC LANT or NAVFAC PAC is
requi red for shop drawing review or field acceptance
testing, the FEC technical representative
(electrical engineer) editing this docunent for a
specific project nust contact the appropriate
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Capital Inprovenents Electrical Engineering Ofice
for consultation during the design stage of the
project.

*%*
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NOTE: On draw ngs, show

1. Engi ne-generator set foundation design and
details.

2. Piping for ventilation of engine crankcase to
at nosphere where required.

3. Details of exhaust, cooling water, and fue

pi pi ng, including penetrations through walls and
roofs show ng piping sleeves and exterior flashing
wher e applicable.

4. Diesel fuel day tank capacity where applicable.

5. Location of renote alarm annunci ator where
applicable.

6. Circuiting for the jacket coolant heating
system electric notor driven radiator fan where
appl i cabl e, diesel fuel supply system starting
battery charger, renote al arm annunci ator storage
battery charger where applicable, and generator
space heater.

7. Gounding plan. For applications using transfer
switches, the transfer switch nust be four pole and
t he generator nust be grounded as a separately
derived system

*%

PART 1

1.1

*%

*% *% *% *% *% *% *% *% *% *% *%%

GENERAL

REFERENCES

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically

be deleted fromthis section of the project
speci ficati on when you choose to reconcile
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references in the publ

i sh print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the

basi ¢ designation only.

ASME | NTERNATI ONAL ( ASME)

ASME B16. 1

ASME B16. 21

ASME B16. 3

ASME B16. 5

ASME B16. 9

(2015) Gay Iron Pipe Flanges and Fl anged
Fittings O asses 25, 125, and 250

(2016) Nonnetallic Flat Gaskets for Pipe
Flanges

(2016) Malleable Iron Threaded Fittings,
Cl asses 150 and 300

(2017) Pipe Flanges and Fl anged Fittings
NPS 1/2 Through NPS 24 Metric/lnch Standard

(2012) Standard for Factory-Made W ought
Steel Buttwelding Fittings

ASTM | NTERNATI ONAL ( ASTM

ASTM A126

ASTM A181/ A181M

ASTM A193/ A193M

ASTM A194/ A194M

ASTM A234/ A234M

ASTM A53/ A53M

ASTM D975

I NSTI TUTE OF ELECTRI CAL

| EEE 115

(2004; R 2014) Standard Specification for
Gray lron Castings for Val ves, Flanges,
and Pipe Fittings

(2014) Standard Specification for Carbon
St eel Forgings, for General-Purpose Piping

(2017) Standard Specification for

Al'l oy-Steel and Stainless Steel Bolting
Materials for Hi gh-Tenperature Service and
O her Special Purpose Applications

(2017a) Standard Specification for Carbon
Steel, Alloy Steel, and Stainless Steel
Nuts for Bolts for High-Pressure or

H gh- Tenperature Service, or Both

(2018) Standard Specification for Piping
Fittings of Wought Carbon Steel and All oy
Steel for Mdderate and Hi gh Tenperature
Service

(2018) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Seanl ess

(2018) Standard Specification for Diesel
Fuel G ls

AND ELECTRONI CS ENG NEERS (| EEE)

(2009) Cuide for Test Procedures for
Synchronous Machines: Part | Acceptance
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and Performance Testing; Part |l Test
Procedures and Paraneter Determination for
Dynani ¢ Anal ysi s

| EEE C2 (2017; Errata 1-2 2017; INT 1 2017)
National Electrical Safety Code

| EEE C50. 12 (2005; R 2010) Standard for Salient Pole
50 HZ and 60 Hz Synchronous Generators and
Ceneration/Mtors for Hydraulic Turbine
Applications Rated 5 MVA and above

| NTERNATI ONAL CODE COUNCI L (1 CC)
I CC I BC (2018) International Building Code
| NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS (2017; Errata 2017) Standard for
Accept ance Testing Specifications for
El ectrical Power Equi prent and Systemns

| NTERNATI ONAL ELECTROTECHNI CAL COWM SSI ON (| EC)

| EC 60034- 2A (1974; ED 1.0) Rotating Electrical
Machi nes Part 2: Methods for Determning
Losses and Efficiency of Rotating
El ectrical Machinery from Tests (Excluding
Machi nes for Traction Vehicl es)
Measurenment of Losses by the Calorinetric
Method

| NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON (| SO

| SO 3046 (2002, 2006, 2009, 2001) Reciprocating
I nternal Conbustion Engi nes -
Performance--Part 1, 3, 4, 5, 6

| SO 8528 (1993; R 2018) Reciprocating |Internal
Conbustion Engine Driven Alternating
Current CGenerator Sets--Part 1, 2, 3, 4,
5 6, 7, 8, 9, 10, 12, 13

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS
| NDUSTRY ( MSS)

MBS SP-58 (2009) Pi pe Hangers and Supports -
Material s, Design and Manufacture,
Sel ection, Application, and Installation

MBS SP-70 (2011) Gray Iron Gate Val ves, Flanged and
Thr eaded Ends

MBS SP-71 (2011; Errata 2013) Gray Iron Swi ng Check
Val ves, Fl anged and Threaded Ends

MBS SP- 80 (2013) Bronze Gate, d obe, Angle and Check
Valves
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MBS SP- 85 (2011) Gray Iron dobe & Angle Val ves
FI anged and Threaded Ends

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMVA)

NEMA C50. 10 (1990) Rotating Electrical Machinery -
Synchr onous Machi nes

NEMA | CS 6 (1993; R 2016) Industrial Control and
Systens: Encl osures

NEVA MG 1 (2016; SUPP 2016) Mdtors and Generators

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 30 (2018) Fl anmabl e and Conbusti bl e Li qui ds
Code
NFPA 37 (2018) Standard for the Installation and

Use of Stationary Conbustion Engi nes and
Gas Tur bi nes

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2;
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6;
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10;
TIA 17-11; TIA 17-12; TIA 17-13; TIA
17-14; TIA 17-15; TIA 17-16; TIA 17-17 )
Nati onal El ectrical Code

U. S. DEPARTMENT OF DEFENSE ( DOD)
MIL-DTL-16884 (2017; Rev P) Fuel, Naval Distillate

MIL-DTL-5624 (2016; Rev W Turbine Fuel, Aviation,
Grades JP-4 and JP-5

MIL-STD-461 (2015; Rev G Requirenents for the Control
of El ectronmagnetic Interference
Characteristics of Subsystens and Equi pnent
U. S. GENERAL SERVI CES ADM NI STRATI ON ( GSA)

Cl D A A-52557 (2001; Rev A; Notice 1) Fuel Ql, Diesel;
for Posts, Canmps and Stations

U S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)

40 CFR 60 St andards of Performance for New
Stationary Sources

UNDERWRI TERS LABORATORI ES (UL)
UL 1236 (2015; Reprint Mar 2016) UL Standard for
Safety Battery Chargers for Charging
Engi ne-Starter Batteries

UL 142 (2006; Reprint Jul 2013) Steel Aboveground
Tanks for Flamabl e and Conbusti bl e Li quids
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UL 429 (2013) Electrically Operated Val ves

UL 467 (2013; Reprint Jun 2017) UL Standard for
Saf ety Groundi ng and Bondi ng Equi pnent

UL 489 (2016) UL Standard for Safety Ml ded-Case
Circuit Breakers, Mol ded-Case Sw tches and
Circuit-Breaker Enclosures

.2 RELATED REQUI REMENTS

Section 26 00 00.00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS, and Section

26 08 00 APPARATUS | NSPECTI ON AND TESTI NG apply to this section except as

nodi fi ed herein.

.3 SYSTEM DESCRI PTI ON

. 3.1 Engi ne- Generator Set Data

Subnit data pertaining to the diesel engine-generator set and to the
auxiliary equi pment including but not Iimted to the foll ow ng:

a. Mke of engine.

b. Type or nodel of engine.

c. Goss bhp rating of engine nmust be the total rated power output before
deducti ng power requirenments of electric notor-driven equi pnent or
engi ne driven radiator fan

d. Net brake power rating of engine nmust include deductions for the tota
power requirenents of electric notor-driven or engine-driven
accessories as defined in 1SO 3046. Net ratings nust include a
deduction in power output for cooling nedia system power requirenents
i ncludi ng radiator fans and any ot her power consum ng devices required
to provide cooling as specified.

e. Strokes per cycle.

f. Nunber of cylinders.

g. Bore and stroke, mminches.

h. Engi ne speed, rpm

i. Piston speed, nis fpm

j. kWpower rating of engine-generator set as defined in the paragraph
ENG NE- GENERATOR SET RATI NGS AND PERFORMANCE

k. Induction nmethod (naturally aspirated, turbocharged).
I. Intercooler type (air-to-air or jacket water).
m Governor type, nmke, and nodel .

n. Mdke and nodel of turbochargers.
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. 3.2 Engi ne- Generator Set Efficiencies

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Include the bracketed option bel ow for
projects |located outside the continental United
St at es ( OCONUS)

*% *% *% *% *% *% *% *% *% *%%

Subnit data pertaining to the diesel engine-generator set including but not
limted to the followi ng: Loads nust be cal cul ated on basis of rated
engi ne- generat or set power.

a. Fuel consunption at 0.80 power factor, liters per hr gallons per hr
(1) 1/2 I oad
(2) 3/4 |oad

(3) Full Ioad

b. GCenerator efficiency at 0.80 power factor (percent)[ in accordance wth
| EC 60034- 2A].

(1) 1/2 | oad
(2) 3/4 1oad
(3) Full 1oad

c. Radi

ator capacity at design conditions.

(1) Cool ant nust be antifreeze nixture as specified under paragraph
COOLI NG SYSTEM

(2) L/s gpm of cool ant
(3) L/'s cfmof air through radi ator

(4) kWBtu per hr of heat exchange based on optinum cool ant
tenperature to and from engi ne

.3.3 Di esel Engi ne Data

Subnit data certified by the engi ne manufacturer including but not limted
to the followi ng: Loads must be cal cul ated on basis of rated

engi ne- generat or set power

a. Approximte exhaust tenperature degrees CF at full |oad

b. Weight of exhaust gas at full load kg per hr Ib per hr

c. Weight of intake air at full load kg per hr Ib per hr

d. Total heat rejected at full |load KWBtu per hr

(1) To jacket cool ant system

(2) To fuel oil cooling system
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e. Em ssions kg per hr Ib per hr at full |oad
(1) Total Suspended Particul ate

(2) Particulate matter with an average aerodynanic dianeter of 10
m crons (PM 10)

(3) Sul fur dioxides

(4) Nitrogen Oxides (as NO2)
(5) Carbon Monoxi de

(6) Volatile O ganic Conpounds

f. Visible Emssions (percent opacity) at full I|oad

1.3. 4 Cenerator and Exciter Data

Subnmit data certified by the generator manufacturer including but not
limted to the follow ng:

a. Mke and nodel nunber of generator
b. kWrating of generator
c. GCenerator reactances
(1) Synchronous reactance, Xd
(2) Transient reactance, X d
(3) Subtransient reactance, X'd
(4) Negative sequence reactance, X2
(5) Zero sequence reactance, Xo
.3.5 Capacity Calcul ations for Engi ne-Generator Set

Cal cul ati ons nust verify that the engi ne-generator set power rating is
adequate for the | oad described in the paragraph LOAD PROFI LE

.3.6 Torsional Vibration Stress Anal ysis Conputations

Torsional vibrational stresses in the crankshaft and generator shaft of
assenbl ed di esel engine and driven generator nust not exceed 34, 450 kPa
5000 psi when engine is driving generator at rated speed while assenbl ed
unit is |loaded to rated engi ne-generator set power. Conputations nust be
based on a mathematical nodel of the assenbl ed generator set provided or
based on cal cul ati ons using neasured values fromtests on a unit identica
to the one provided. Calculations based on nodels of, or neasured data
from the unassenbl ed engi ne and generator will not be acceptabl e.

Cal cul ati ons nust incl ude:

a. A description of the systemrelating information pertinent to anal ysis
such as operating speed range and identification plate data.

b. A nmass elastic assenbly drawi ng, showi ng the arrangenment of the units
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1.3.

7

in the generator set and dinensions of shafting, including mninmm
di aneters (or section noduli) of shafting in the system

A labeled line diagramof the mass elastic systemindicating val ues of
masses, stiffness, equivalent |engths, and equival ent dianeters
i ncl udi ng basic assunptions and definition of terns.

Sanpl e conput ati ons showi ng procedures used to obtain resulting stress
values.

Conput ations indicating assenbl ed engi ne-generator speed of 1800 rpm
with assenbly | oaded to rated generator power and the resulting
conputed critical torsional stress values in the assenbl ed engine
crankshaft and generator shaft.

Capacity Cal cul ations for Batteries

Cal cul ation nustverify that the engine starting battery capacity exceeds dc
power requirenents.

[1.3.8

Tur bocharger Load Cal cul ations

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: When the engi ne-generator set installation
includes field installed exhaust system (i.e., the
engi ne-generator set is installed internal to a
building in lieu of in a self contained outdoor
encl osure), include the follow ng paragraph.

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

When t he proposed exhaust systemlayout is different fromthat shown on the
contract drawi ngs, subnmit cal cul ations showi ng that the external |oads from
the exhaust system such as wei ght and thernal expansion do not exceed the
engi ne manufacturer's nmaxi num al |l owed forces and noments on the

turbocharger.

11.4

SUBMITTALS

kkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhkhkkkkkkx

NOTE: Review Subnmittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submittals
required for the project.

The @uide Specification technical editors have
designated those itens that require Governnent
approval, due to their conplexity or criticality,
with a "G" Generally, other submittal itens can be
reviewed by the Contractor's Quality Control

System Only add a "G' to an item if the subnittal
is sufficiently inmportant or conplex in context of

t he project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the submittal tags nmay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
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Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

The "S" following a submittal itemindicates that
the submittal is required for the Sustainability
eNot ebook to fulfill federally mandated sustai nabl e
requirenents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTING. Locate the "S" submittal
under the SD nunber that best describes the
submttal item

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Arny projects.

*% *% *% *% *% *% *% *% *% *% *% *%%

CGovernment approval is required for subnmittals with a "G' designation;
submittals not having a "G' designation are [for Contractor Quality Control
approval .][for information only. Wen used, a designation follow ng the
"G' designation identifies the office that will review the submttal for
the Governnment.] Submittals with an "S" are for inclusion in the

Sustai nability eNotebook, in conformance with Section 01 33 29

SUSTAI NABI LI TY REPCRTI NG. Submit the followi ng in accordance with Section
01 33 00 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
Engi ne- Cenerator Set and Auxiliary Equiprent; ¢, [ 1]
Auxiliary Systems; C[, [___ 1]

SD- 03 Product Data

Engi ne- Generator Set Data; C[, [____ 1]

Engi ne- Generator Set Efficiencies; C[, [____ 1]
Diesel Engine Data; G, [___ 1]

Generator and Exciter Data; C[, [___ 1]

Di esel Engi ne-Generator Set; G, [___ 1]
Auxiliary Systens and Equiprent; ¢, [ 1]
Renmpbte Al arm Annunciator; ¢, [__ 1]

SD- 05 Design Data
Capacity Cal cul ations for Engine-Generator Set; C[, | 1]
Torsional Vibration Stress Analysis Conmputations; C[, | 11

Capacity Cal cul ations For Batteries; C[, [ 11
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[ Tur bocharger Load Cal cul ations; C[, [ 11

] SD- 06 Test Reports
Accept ance Checks and Tests; ¢, [___ 1]
Functional Acceptance Tests; ¢, [ 1]
Functi onal Acceptance Test Procedure; G, [___ 1]

SD-07 Certificates

Vi bration Isolation System Certification; ¢, [___ 1]
Fuel System Certification; ¢, [___ 1]
Start-Up Engi neer Qualification Resurme; ¢, [___ 1]
Instructor's Qualification Resune; G, [__ 1]
[ Di esel Engine Emission Limts; C[, [____ ]]
] SD- 09 Manufacturer's Field Reports
Engine Tests; ¢, [ 1]
Generator Tests; ¢, [___ 11
Assenbl ed Engi ne-Generator Set Tests; G, [___ 1]

SD- 10 Operation and Mai ntenance Data
Di esel Engi ne- Generator Set, Data Package 4; ¢, | 11
Auxiliary Systens and Equi pnent, Data Package 4; C[, [ 1]

Prelimnary Assenbl ed OQperation and Mai nt enance Manual s; (,

L1
Subnmit in accordance with Section 01 78 23 OPERATI ON AND
MAI NTENANCE DATA and t he paragraph ASSEMBLED OPERATI ON AND
MAI NTENANCE MANUALS.
SD-11 C oseout Submittals
Posted Operating Instructions; C[, [___ 1]
Training Plan; ¢, [ 1]
1.5 QUALI TY ASSURANCE
1.5.1 Drawi ng Requi renents

1.5.1.1 Engi ne- Generator Set and Auxiliary Equi pment

Submit drawi ngs pertaining to the engine-generator set and auxiliary
equi prrent, including but not linmted to the foll ow ng:

a. Certified outline, general arrangenent (setting plan), and anchor bolt
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details. Show total weight and center of gravity of assenbl ed
equi prent on the steel subbase.

b. Detailed elementary, schematic wiring, and interconnection di agranms of
the engine starting system jacket cool ant heating system engine
protective devices, engine alarm devices, engi ne speed governor system
generator and excitation system and other integral devices.

c. Detailed elenmentary, schematic wiring; and interconnection diagrans of
the diesel fuel system starting battery system engi ne-generator
control panel, generator circuit breaker[, and renbte alarm
annunciator].

d. Dinensional drawi ngs or catal og cuts of exhaust silencers, radiator
di esel fuel day tanks, fuel oil cooler, valves and punps, intake
filters, vibration isolators, and other auxiliary equipnment not
integral with the engi ne-generator set.

[1.5.1.2 Auxiliary Systens

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Whien the engi ne-generator set installation
includes field installed exhaust, air intake, fue
oil cooler, or jacket coolant water systens (i.e.

t he engi ne-generator set is installed internal to a
building in lieu of in a self contained outdoor

encl osure), include the follow ng paragraph

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkkkkkx *k%

Subnmit drawi ngs showi ng floor plan arrangenent of[ exhaust,][ air intake,]]
fuel oil cooler,][ and][ jacket coolant water] systens including
arrangement of piping and pipe sizes.

]1.5.2 Vibration Isolation System Certification

Submit certification fromthe manufacturer that the vibration isolation
systemwi || reduce the vibration to the linmts specified in the paragraph
VI BRATI ON | SOLATI ON SYSTEM

1.5.3 Fuel System Certification

When the diesel fuel systemrequires a fuel oil cooler as described in the
paragraph FUEL O L COOLER, subnit certification fromthe engine
manuf acturer that the fuel systemdesign is satisfactory.

1.6 DELI VERY, STORAGE, AND HANDLI NG

Del i ver equi pnent on pallets or blocking wapped in heavy-duty plastic,
sealed to protect parts and assenblies fromnoisture and dirt. Plug

pi pi ng, conduit, exhaust, and air intake openings. Protect and prepare
batteries for shipnent as recommended by the battery manufacturer. Store
auxi liary equipnment at the site in covered enclosures, protected from

at nospheric noisture, dirt, and ground water.

1.7 SITE CONDI TI ONS
Protect the conmponents of the engi ne-generator set, including cooling

system conponents, punps, fans, and sinilar auxiliaries when not operating
and provi de conponents capable of the specified outputs in the follow ng
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environment:
a. Site Location: [ ]
b. Site Elevation: [ ] meters| ] feet above nean sea | evel

c. Anbient Tenperatures:

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkik

NOTE: Anbient tenperatures, design w nd velocity,
and prevailing wind direction nust be as defined by
UFC 3-400-02, Design Engi neeri ng Wat her Dat a.

*% *% *% *% *% *% *%%

(1) Maximum|[__ ] degrees (J__ ] degrees F dry bulb, [__ ]
degrees J__ ] degrees F wet bulb.
(2) Mnimum[___ ] degrees (__ ] degrees F dry bulb.
[ d. Design Wnd Velocity: [___ ] kmh[____ ] nph.
Il e Prevailing Wnd Direction: [___ ].
] f. Seismic Zone: Zone [___ ] as defined by ICC IBC.

1.8 MAINTENANCE
1.8.1 Extra Materials
1.8.1.1 Paint

Furnish 4 liters one gallon of identical paint used on engi ne-generator set
in manuf acturer's seal ed container with each engi ne-generator set.

1.8.1.2 Filters

Furni sh four spare replacenent elenents in their original containers for
each filter with each unit.

1.8.2 Post ed Operating Instructions
Provi de proposed operating instructions for the engi ne-generator set and
auxi liary equi prent | am nated between natte-surface thernoplastic sheets
and suitable for placenent adjacent to correspondi ng equi pnent. After
approval, install operating instructions where directed.

PART 2 PRODUCTS

2.1 Dl ESEL ENGQ NE- GENERATOR SET
Provi de di esel engi ne-generator sets consisting of a water cool ed di esel
engi ne direct connected to an ac generator with a brushl ess excitation
system and accessories. Equipnent and nmaterials nust be the manufacturer's
standard products offered in catalogs for commercial or industrial use.

2.1.1 Engi ne- Generat or Set Ratings and Performance

| SO 8528. Each engi ne-generator set nust have a power rating of not |ess
] kWat 0.8 power factor and supply[ 208Y/120][ 480Y/277][___ ]
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-volt, three-phase,[ 60][ 50]-Hz ac output. Coordinate the

engi ne-generator set to ensure an installed rating in the environnent
described in paragraph SI TE CONDI TIONS. The power of the engi ne-generator
set is defined as the power output available at the generator termnals
excluding the el ectrical power absorbed by the essential independent
auxiliaries. Essential independent auxiliaries are itens of equipnent
which are essential for the continued or repeated operation of the engine
whi ch uses power supplied froma source other than the engine.

2.1.1.1 Di esel Engi ne Capacity

The engi ne capacity nust be based on the foll ow ng:

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: Contact the activity to find out fuel type to
be used.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

a. Engine burning diesel fuel conforming to[ CID A-A- 52557, Grade DF-2,]]
MIL-DTL-16884 || ASTM D975, Grade 2-D,] or [MIL-DTL-5624 , Grade JP-5]
at an anbient tenperature of 29 degrees C 85 degrees F. For stationary
engi nes operated in the United States, diesel fuel requirenents are
found in 40 CFR 60 Subpart I111.

b. Engine cooled by a radiator fan nechanically driven by the diese
engine or renote with a notor driven fan

c. Engine cool ed by coolant mxture of water and ethyl ene glycol, 50
percent by vol une of each.

[2.1.1.2 D esel Engine Emission Limts

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: I nclude the follow ng paragraph when an air
pollution permt is required by local, state, or
federal law to install and operate the diesel engine
generator set. Contact the engine-generator set
manuf acturer for achievable Iimits. Contact the
activities environnental department representative
to deternmine pernit requirements.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Engi ne nust be certified by the manufacturer to neet applicable EPA

em ssion standards found in 40 CFR 60 Subpart I11l. In addition, engine
must meet any applicable state or |ocal enission requirenents (ex:

Cal i forni a SCAQWD) .

12.1.1.3 Per f ormance C ass

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkhkkkkkkkkkk

NOTE: See the follow ng guidelines and table for
sel ecting the appropriate perfornance cl ass:

1. Select dass GL where the connected | oads are
such that only basic paraneters of voltage and
frequency are needed, e.g., general purpose lighting
and other sinple electrical |oads.

2. Select Class & where the demands on vol tage
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characteristics are very nuch the same as for the
conmer ci al power system e.g., lighting systens,

punps, fans, hoists.

3. Select Cass G3 where the connected equi prent
may make severe denands on frequency, voltage, and
wavef orm characteristics, e.g., telecomunications

as thyristor-controlled | oads.

4. Select Cass 4 where the demands on the
frequency, voltage, and waveform characteristics are
exceptionally severe, e.g., data processing

equi pnment or conputer systems. Performance val ues
for dass &4 nust be deternined by the designer and
an appropriate table sinmilar to the follow ng table

nmust be inserted into the Specification

Parameter Per f or mance d ass
G1 G2 G3

100 Percent Load | ncrease Frequency Deviation <-15 <-10 <-7

(Percent)

100 Percent Load Decrease Frequency Deviation <+18 |<+12 |[<+10

(Percent)

100 Percent Load Change Frequency Recovery Tinme |<10 <5 <3

(Seconds)

100 Percent Load | ncrease Voltage Deviation <25 |<-20 |<-15

(Percent)

100 Percent Load Decrease Voltage Deviation <+35 |<+25 |[<+20

(Percent)

100 Percent Load Change Vol tage Recovery Tine <10 <6 <4

(Seconds)

Frequency Droop (Percent) <-8 <5 <-3

St eady- St ate Frequency Band (Percent) (plus or <25 <15 <0.5

minus

St eady- State Vol tage Regul ation (Percent) (plus |<5 <25 <1.0

or m nus)

The vol tage and frequency behavi or of the generator
accordance with | SO 8528 operating limt values for
Q][ &KB][ A as follows].

2.1.1.4 Load Profile

The di esel engi ne-generator set nust be of adequate

set nust be in
performance d ass[ Gl]]

capacity necessary for
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Il

Il
Il

the following |oad profile:

a. Lighting [___ 1 kW

b. Conmputer [ ] kW

c. Uninterruptible power supplies (UPS) [ 1 kVA [ 3][ 6][ 12][ 24]
pulse

d. Variable frequency drives (VFD) [___ 1 kVA [ 3][ 6][ 12][ 24] pul se

e. Mtor starting sequence

Starting Size (hp) |Locked Rotor |[Staring Method Maxi mum Vol t age Di p
Order NEVA Code

[ ] [ ] [F [ 1 [Full Voltage] [___ 1] [25] [____ ] Percent
[ ] [ ] [F [ 1 [Full Voltage] [___ 1] [25] [____ ] Percent
[ ] [ ] [F [ 1 [Full Voltage] [___ 1] [25] [____]1 Percent
I f. Oher load: [ ] kWat 0.8 p.f.

]2.1.2 Di esel Engi nes and Accessories

kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkhhhkkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: As of 8/98 mmjor manufacturers are buil di ng
only four-cycle engines in order to neet Federa
em ssi ons requi renents. Two-cycl e engi nes nust not
be specified.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

| SO 3046. Diesel engines nust be four-cycle naturally aspirated, or
turbocharged, or turbocharged and intercool ed; vertical in-line or vertica
Vee type; designed for stationary service. Engines nust be capabl e of

i mmedi ate acceleration fromrest to normal speed wi thout internediate

i dl e/warmup period or prelubrication to provide essential electrica
power. Two-cycle engines are not acceptable.

.1.2.1 Subbase Mounti ng

Mount each engi ne-generator set on a structural steel subbase sized to
support the engi ne, generator, and necessary accessories, auxiliaries and
control equi pment to produce a conplete self-contained unit as standard
with the manufacturer. Design the structural subbase to properly support
the equi prent and maintain proper alignment of the engi ne-generator set in
the specified seismc zone. |In addition, provide subbase with both lifting
rings and jacking pads properly located to facilitate shipping and
installation of the unit. Factory align engine and generator on the
subbase and securely bolt into place in accordance with the manufacturer's
standard practice. Crankshaft nust have rigid coupling for connection to
t he generator.

.1.2.2 Assembly

Conpl etely shop assenmbl e each engi ne-generator set on its structural steel
subbase. Paint entire unit with manufacturer's standard paints and
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col ors. After factory tests and before shipping, thoroughly clean and
retouch painting as necessary to provide conplete protection

2.1.2.3  Turbocharger
If required by the manufacturer to neet the engi ne-generator set rating,
provi de turbine type driven by exhaust gas from engine cylinders, and
direct connected to the blower supplying air to the engi ne intake nanifold.
2.1.2.4 Intercooler

Provi de manufacturer's standard intercool er for engine size specified.

2.1.2.5 Crankcase Protection

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Include details on the draw ngs for the
crankcase ventil ation piping and associ at ed
penetrations through walls and roofs show ng the
pi pi ng sl eeve and exterior flashing when the
radiator is renote and the engi ne-generator set is
to be installed inside a building.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provi de manufacturer's standard net hod of preventing crankcase expl osi ons
and standard met hod of crankcase ventilation. [Provide ventilation of
crankcase via piping to the atnosphere as indicated on the draw ngs.]

2.1.2.6 Engi ne Lubricating G| System

Provi de each engine with the manufacturer's standard full pressure

| ubricating oil systemarranged to cool the pistons and to distribute oi
to noving parts of the engine. Provide oil type and oil filters as
recomrended by the engi ne manuf acturer

2.1.2.7 Engi ne Cool i ng System
Provi de each engine with the manufacturer's standard jacket water punp.
Provide a thernostatic control valve in the jacket cool ant systemfor each
engi ne-generator set to maintain a constant jacket coolant tenperature to
t he engi ne.

2.1.2.8 Engi ne Fuel System

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkk

NOTE: Select the options for duplex filters when
changing of the filter will be required while the
engi ne-generator set is operating. Do not provide
duplex filters when the engi ne-generator set is to
be installed in an enclosure or provided with an
engi ne-driven radiator.

kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkkkhkhhkhkhkkkkkkkkkk

Provi de each engine with the manufacturer's standard fuel systemintegra
with the engine, conplete with necessary piping, fittings, and val ves for
connecting itens of equi pnent which are a part of the system Provide
engi ne manufacturer's standard hand prinming punp. Provide manufacturer's
standard[ sinplex][ duplex] filter for each engine, of the throwaway filter
el ement type, consisting of shell filter elenments, drains, and necessary
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connections and fittings.[ Arrange duplex filter such that flow nmay be
diverted fromone chanber to the other without interruption at any point of
t he changeover. ]

.1.2.9 Engi ne Intake Filter

Provide intake filter assenblies for each engine of the oil bath or dry
type, as standard with the manufacturer. Filters nust be capabl e of
renovi ng a mini numof 92 percent of dirt and abrasive 3 microns and | arger
fromintake air. Size filters to suit engine requirenents at 100 percent
of rated full load. Design unit for field access for mmintenance purposes.

.1.2.10 Engi ne Starting System

Starting nmust be acconplished using an adequately sized dc starter system
with a positive shift solenoid to engage the starter notor and to crank the
engi ne continuously for 60 seconds wi thout overheating.

.1.2.11 Jacket Cool ant Heating System

Provide a factory-installed,[ 120][__ ] volts ac, jacket coolant heating
systemto ensure rapid starting. Thernostatically control heater at the
tenperature recomended by engi ne manufacturer. |nclude necessary

equi pnent, piping, controls, wiring, and accessori es.

.1.2.12 Engi ne Protective (Shutdown) Devices

Equi p each engine with devices to shut down the engine by shutting off the
fuel supply to the engine via a fuel shutoff solenoid. Auxiliary contacts
must be suitable for activating a renote alarm system  Shutdown nust open
the associ ated generator circuit breaker. Provide the follow ng shutdown
devices:

a. Overspeed device which operates when engi ne speed exceeds norna
synchronous speed by 18 percent or as recommended by manufacturer
Devi ce must require manual reset.

b. Pressure switch which operates when l[ubricating oil pressure to engine
drops bel ow a preset val ue.

c. Tenperature switch which operates when jacket cool ant tenperature
exceeds a preset val ue.

d. Device which operates when the coolant level in the radiator drops
bel ow a preset |evel.

e. O her shutdown devices as recommended by the engi ne nanufacturer
.1.2.13 Engi ne Al arm Devi ces

Equi p each engine with alarm devices. Auxiliary contacts nust be suitable
for activating a renote alarmsystem Al arm devi ces nust have

factory-fixed set points. Provide the follow ng al arm contact devices:

a. Pressure switch which operates when lubricating oil pressure drops
bel ow a preset val ue.

b. Tenperature switch which operates when jacket cool ant tenperature
exceeds a preset val ue.
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c. Tenperature switch which operates when jacket cool ant tenperature is
too | ow.

d. Oher alarmdevices as recomrended by the engi ne manufacturer
2.1.2.14 M scel | aneous Engi ne Accessories

Provide the foll owi ng engi ne accessories where the manufacturer's standard
design pernmits:

a. Piping on engine to inlet and outlet connections, including nonstandard
conpani on fl anges.

b. Structural steel subbase and vibration isolators, foundation bolts,
nuts, and pipe sl eeves.

c. Level jack screws or shins, as required.
d. Rails, chocks, and shins for installation of subbase on the foundation

e. Renmovable guard, around fan. Support guard, on engi ne subbase, to suit
manuf acturer's standard.

2.1.2.15 Engi ne Speed Gover nor System
Provide a forward acting type engi ne speed governor system Steady-state
frequency band and frequency regul ation (droop) nust be in accordance with
the operating Iimt values of the perfornmance class specified in the
par agr aph PERFORMANCE CLASS

2.1.3 CGenerator and Excitation System

2.1.3.1 Generator

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Use the follow ng guidelines for specifying
generators:

1. Select dripproof guarded option for generators
wi t hout weat her proof encl osures.

2. Select NEMA MG 1, Part 16, standby duty, and
tenperature rise of 130 degrees C for

engi ne-generator sets which are expected to operate
for Iess than 300 hours per year. Select NEMA MG 1,
Part 22, continuous duty, and tenperature rise of
105 degrees C for engine-generator sets expected to
operate 300 hours or greater per year or rated 300
kW and above.

3. Select 2/3 pitch design option for
engi ne-generator sets rated 300 kW and above.

4. Select 10-12 |ead reconnectable for
engi ne-generator sets rated 300 kWto 800 kW

5. For applications requiring high SCR | oading or
in harsh environnents |aden with salts and
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chemi cal s, sel ect vacuum pressure inpregnation (VPI)
i nsulated coils. Wen engine-generator sets are
rated 800 kWand |arger, also select form wound

coils.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provi de salient-pole type, ac, brushless-excited, revolving field,
air-cooled, self-ventilated,[ dripproof guarded,] coupled type, synchronous
generator conforming to NEMA MG 1, Part[ 16][ 22], NEMA C50.10, and

| EEE C50.12. Generator must be rated for[ standby][ continuous] duty at
100 percent of the power rating of the engi ne-generator set as specified in
par agr aph ENG NE- GENERATOR SET RATI NGS AND PERFORMANCE. Tenperature rise
of each of the various parts of the generator nust not exceed[ 130][ 105]
degrees C as neasured by resistance, based on a maxi mum anbi ent tenperature
of 40 degrees C. Wnding insulation nust be dass H

a. Stator: Stator wi ndings nust be[ 2/3 pitch design][,][ 10-12 |ead
reconnectable][ with VPl insulated][ and form wound] coils].

b. Rotor: The rotor nust have connected anortiser w ndings.

c. GCenerator Space Heater: Provide[ 120]] ] volt ac heaters. Heater
capacity nust be as recommended by the generator manufacturer to aid in
keepi ng the generator insulation dry.

d. Gounding: Provide non-corrosive steel grounding pads |ocated at two
opposi te nounting | egs.

e. Filters: Provide manufacturer's standard generator cooling air filter
assembly.

2.1.3.2 Excitation System

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhhkkkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkk

NOTE: Select all options for engine-generator sets
rated 300 kW and above.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provi de a brushl ess excitation system consisting of an exciter and rotating
rectifier assenbly[, and pernanent magnet generator] integral with the
generator and a voltage regulator. Insulation class for parts integra

with the generator nust be as specified in paragraph GENERATOR  System
must provide a mninmum short circuit of 300 percent rated engi ne-generator
set current for at |east 10 seconds. Steady state voltage regul ati on nust
be in accordance with the operating limt values of the perfornmance cl ass
specified in the paragraph PERFORMANCE CLASS

a. Exciter and Rotating Rectifier Assenbly: Rectifiers nust be provided
wi th surge voltage protection.

[ b. Permanent Magnet Generator: Provide a voltage spi ke suppression device
for permanent nagnet generator (PM5 excitation systens.

] ¢. Voltage Regulator: Voltage regulator nmust be solid state or digital
automatic, three-phase sensing, volts per hertz type regulator.]|
Regul at or must receive its input power froma PMa] Voltage variation
for any 40 degree C change over the operating tenperature range mnmust be
I ess than plus or nminus 1.0 percent. Operating tenperature nmust be
m nus 40 degree Cto plus 70 degree C. Voltage adjust range nmust be
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plus to mnus 5.0 percent of noninal. Inherent regul ator features nust
i ncl ude overexcitation shutdown.

[2.1.3.3 El ectromagnetic Interference (EM) Suppression

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Include electromagnetic interference (EM)
suppression for engi ne-generator set installations
in the proximty of sensitive electronic equipnent.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhhhkhkhkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

Provide as an integral part of the generator and excitation system EM
suppressi on conplying with MIL-STD-461 .

12.2 ENG NE- GENERATOR SET AUXI LI ARY SYSTEMS AND EQUI PMENT

Provide auxiliary systens and equi pnent designed for continuous duty at 100
percent of the power rating of the engine-generator set as specified in the
par agr aph ENG NE- GENERATOR SET RATI NGS AND PERFORMANCE

2.2.1 Vi bration |solation System

Install the subbase on vibration isolators that are secured to a suitable
concrete foundation. Provide isolators as recommended by the

engi ne-generator set and isol ator manufacturers and provide integral or
external lateral support to linit |lateral nmovenent and overturni ng nmonents.
The isol ation system nmust reduce the vibration transnitted to the adjacent
floor slab to a maxi mum of 0.038 mm 0. 0015 inch total anplitude throughout
the frequency range down to 65 Hz.

2.2.2 Exhaust System
Provi de exhaust systens for each engine.

2.2.2.1 Exhaust Sil encers

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The normal values given in the table for
exhaust sound reduction are for installations in
residential applications. |If the installationis in
a critical environnment (such as a hospital), nore
stringent criteria nmust be applied, including engine
noi se danpeni ng, and the attenuation values in the
table for critical class should be sel ected.

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkk

Al residential class][ critical class] silencer nust be provided for each
engi ne which will reduce the exhaust sound spectrumby the following |isted
values at a 23 m75 foot radius fromthe outlet, with generator set |oaded
to rated capacity and clear weather. Inlet and outlet connections nust be
flanged.

Cct ave Band Center Frequency (Hertz)

M ni rum Si | encer Attenuation 63 125 250 500 |[1000 2000 4000 | 8000
Decibels
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Cct ave Band Center Frequency (Hertz)

[Resi dental O ass] [10] 25] |[32] |[30] |25 |[25] [24] [[23]

[Critical O ass] [15] 321 |[371 |36] |30 |[36] 371 |[37]

[2.2.2.2 Field Installed Exhaust Piping System

*%

*% *% *% *% *% *% *% *% *% *% *% *%

NOTE: Include the foll owi ng paragraph when the

engi ne-generator set is installed internal to a
building in lieu of in a self contained outdoor

encl osure. The designer is responsible for ensuring
that:

1. External loads fromthe exhaust system such as
wei ght and thermal expansion do not exceed the
engi ne manufacturer's nmaxi num al | owed forces and
nonents on the turbocharger, and;

2. The exhaust piping systempressure |0ss is
coordinated with the visible emission linmts of the
engi ne-generator set when air pollution permtting
is required.

*%

*% *% *% *% *% *% *% *% *% *% *% *%

Field installed exhaust piping nust conformto the foll ow ng:

a.

Exhaust Piping: Provide flanges for connections to diesel engines,
exhaust mufflers, and flexible connections. Provide steel pipe
conform ng to ASTM A53/ A53l for each engi ne conplete with necessary
fittings, flanges, gaskets, bolts, and nuts. Exhaust piping nust be
Schedul e 40 pipe for 300 nm 12 i nches and snaller, standard wei ght for
sizes 350 mm 14 inches through 600 nm 24 inches, and 6 mm 0. 25 inch
wal | thickness for sizes larger than 600 nm 24 inches. Flanges nmust be
Cl ass 150 slip-on forged steel welding flanges in accordance with

ASME B16.5, with material in accordance with ASTM A181/ A181N, G ade |
Fittings nust be buttwelding conform ng to ASTM A234/ A234N, with wal

t hi ckness same as adjoining piping. Fittings nust be of same naterial
and wal | thickness as pipe. Built-up mter welded fittings may be
used. Mter angles of each individual section nmust not exceed 22.5
degrees total and not nore than 11.25 degrees relative to the axis of
the pipe at any one cut. Gaskets for exhaust piping nust be of high
tenperature asbestos-free material suitable for the service and nust be
ASME B16. 21, conposition ring, 1.6 nm0.0625 inch thick. Bolting

mat eri al for exhaust flanges must be alloy-steel bolt-studs conforn ng
to ASTM A193/ A193N, Grade B7 bolts and alloy-steel nuts conforming to
ASTM A194/ A194N, Grade 7. Bolts nust be of sufficient length to obtain
full bearing on the nuts and nust project not nore than two full

t hreads beyond the nut. Provide stainless steel counterbal ance type
rain caps at termination of each exhaust pipe.
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NOTE: Select option for liners in expansion joints
when required to reduce exhaust pressure drop

*% *% *% *% *% *% *% *% *% *% *% *%
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b. Expansion (Flexible) Joints: Provide sections of multiple corrugated
stainl ess steel expansion joints[ with liners] in the engi ne exhaust
pi ping for each engine to absorb expansion strains and vibration
transmtted to the piping. Flexible joints nmust be suitable for
operation at 93 degrees C 200 degrees F above normal exhaust gas
tenperature at 100 percent |oad, 10,000 cycles, mnimm Joints nust
be flanged and | ocated between engi ne exhaust manifold and exhaust
pi pi ng, nust be the same size as exhaust piping size, and nust be
desi gned and constructed for diesel engi ne exhaust service.

c. Hangers and Supports: MSS SP-58.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: Include on the drawings a detail of the
exhaust piping penetrations through walls and roofs
showi ng the piping sleeve and exterior flashing.

*% *% *% *% *% *% *% *% *% *% *%%

d. Piping Sleeves: Provide where piping passes through masonry or
concrete walls, floors, roofs, and partitions. Sleeves nust be placed
during construction. Unless indicated otherw se, pipe sleeves mnust
conply with followi ng requirenents: sleeves in outside walls bel ow and
above grade, in floor, or in roof slabs, nust be standard wei ght zinc
coated steel pipe. Sleeves in partitions nust be zinc coated sheet
steel having a nonminal weight of not |ess than 4.4 kg per square neter
0.90 pound per square foot. Space between piping insulation and the
sl eeve nmust not be less than 6 mm 0.25 inch. Sleeves nust be held
securely in proper position and |location during construction. Sleeves
nmust be sufficient length to pass through entire thickness of walls,
partitions, or slabs. Sleeves in floor slabs nust extend 50 nm 2 i nches

above the finished floor. Space between the pipe and the sleeve nust
be firmy packed with insulation and caul ked at both ends of the sleeve
with plastic waterproof cenent.

e. Piping Insulation: Provide exhaust piping insulation in accordance
with Section 23 07 00 THERMAL | NSULATI ON FOR MECHANI CAL SYSTEMS

12.2.3 Cool i ng System
Provi de the specified cooling water system Properly size equipnent to
handl e the flow rate and pressure | osses of the coolant m xture specified
in the paragraph DI ESEL ENG NE CAPACI TY, and at the site elevation
specified in the paragraph SI TE CONDI TI ONS

2.2.3.1 Radiators

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Cenerally utilize the engi ne subbase radiator
as the less expensive option. |In cases where
insufficient cooling air or space or additiona
reliability is necessary (requiring cross-connecting
of radiators), provide renote radiators.

*% *% *% *% *% *% *% *% *% *% *% *% *%%
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NOTE: At the text bel ow, use the maxi mum dry-bulb
tenperature of the site plus 8 degrees C 15 degrees F
for the first tenperature, but not |ess than 43
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]

degrees C 110 degrees F. Use mnus 18 degrees C O
degrees F, except where mininumdry-bulb tenperature
permts use of a higher tenperature.
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Provi de for each engi ne-generator set, as standard with the nanufacturer.

a.

b

Desi gn Conditions: Each radiator unit nust have anple capacity to
renove not |ess than the total kWBtu per hour of heat rejected by its
respective engine at 100 percent full-rated load to the jacket water
fuel oil, and lubricating oil system and intercooler. Radiator
capacity nust be rated at optinumtenperature of coolant |eaving the
engi ne and intercool er as recomended by the engi ne manufacturer with
an anbient dry bulb air tenperature outside the enclosure of | ]
degrees C | ] degrees F maxi num and | ] degrees C | ]
degrees F nmininumat the site elevation specified in the paragraph SITE
CONDI TIONS, and with the coolant nixture specified in the paragraph

DI ESEL ENG NE CAPACI TY. Pressure drop through the radi ator nust not
exceed 41.34 kPa 6 psi when circul ating the maxi mum required cool ant
flow. Radiator air velocity nust be a maxi mumof 7.6 meters per second
1500 feet per minute.

Engi ne Mount ed Radi ator Construction: Radiator fan nust direct airfl ow
fromthe engine outward through the radiator. Fan nust be V-belt
driven directly fromthe engi ne crankshaft. Radiator fan nust have
sufficient capacity to neet design conditions against a static
restriction of [ ] Pa [ ] inch of water. Fan static capacity
nmust be adjusted to suit the ductwork furnished. Cooling section rnust
have a tube and fin-type core consisting of copper or copper base alloy
tubes with nonferrous fins. Select engine-driven fans for quiet

vi bration-free operation. Make provision for cool ant expansion either
by sel f-contai ned expansi on tanks or separately nmounted expansi on
tanks, as standard with the manufacturer. Provide suitable guards for
each fan and drive.

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Radiator fan cycling controls should be
consi dered for engines to be operated above 500
hours per year.

d.
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Renot e Radi ator Construction: Provide radiators as described above,
except radiators nust be renotely piped and provided with electric
notor driven fan. Drive nmust be nmultiple V-belt or reduction gears.
Expansi on tanks nust be separately nmounted. Air flow rmust be vertica
or horizontal as indicated. Interlock fan with engine operation such
that fan nust operate when engi ne operates when recomended by engine
manufacturer.[ Provide controls and control devices conplete which
nmust cycle fan on and off based upon cool ant tenperature.] Provide
nmotors, controllers, contactors, and di sconnects in accordance with
par agr aph ELECTRI CAL SUPPORT EQUI PMENT.

Cool ant solution nust be a m xture of clean water and ethyl ene glycol,
50 percent by volunme each. Provide an anti-freeze solution tester
suitable for the mxture.

[2.2.3.2 Jacket Cool ant Water Piping Systens

*%

*% *% *% *% *% *% *% *% *% *% *% *%%
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NOTE: Include the foll owi ng paragraph when
providing cooling systemwith a renote radiator

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

Field installed jacket cool ant water piping nust conformto the foll ow ng:

a. Piping: Provide seam ess steel pipe, Schedule 40, conforming to
ASTM A53/ A53V, Grade A

b. Fittings and Flanges: Fittings, 40 nm1 1/2 inches or smaller, nust be
mal | eabl e iron conform ng to ASVE B16.3 for Class 300 threaded type.
Fittings, 50 nm 2 inches and | arger, nust be steel buttwel ding
conformng to ASME B16.9. Utilize either ASME B16.1 or Cass A of
ASTM A126 for Class 125 cast-iron flanged fittings. Flanges must be
Cl ass 150 slip-on forged steel welding flanges in accordance with
ASME B16.5, with material in accordance with ASTM A181/ A181VN, G ade |
Provide flat face flanges for connecting to Cass 125 standard
cast-iron valves, fittings, and equi pment connecti ons.

c. Valves

(1) Gate Valves: For valves, 40 mm1 1/2 inches and smaller, provide
doubl e disk, rising stem inside screw, union bonnet type, C ass
125 bronze material confornmng to MSS SP-80. For valves, 50 nm 2
i nches and | arger, provide doubl e-di sk, parallel seat type,
hydraulic-rated, Cass 125, outside screw and yoke type with
fl anged ends and bronze trimconformng to MSS SP-70. Provide
stem packi ng of material conpatible with the system cool ant.

(2) dobe Valves: For valves, 40 nm1 1/2 inches and snaller, provide
rising stem inside screw, union bonnet type, Cass 125 bronze
val ves confornming to MSS SP-80. For valves, 50 nm 2 inches and
| arger, provide Cass 125 cast iron, flanged ends, bronze trim
gl obe valves confornming to MSS SP-85. Val ves nust have renewabl e
conposition or cast iron discs conpatible with the system cool ant.

(3) Check Valves: MSS SP-71 or MSS SP-80, swi ng check type

d. Hangers and Supports: MSS SP-58.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Include on the drawings a detail of the
cool ing piping penetrations through walls and roofs
showi ng the piping sl eeve and exterior flashing.
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e. Piping Sleeves: Provide where piping passes through nasonry or
concrete walls, floors, roofs, and partitions. Place sleeves during
construction. Unless indicated ot herw se, pipe sleeves nust conply
with followi ng requirements: Sleeves in outside walls bel ow and above
grade, in floor, or in roof slabs, nust be standard wei ght zinc coated
steel pipe. Sleeves in partitions nust be zinc coated sheet stee
havi ng a nomi nal weight of not less than 4.4 kg per square neter 0.90
pound per square foot. Space between piping insulation and the sl eeve
nmust be not less than 6 Mm 0. 25 inch. Sleeves nust be held securely in
proper position and location during construction. Sleeves nust be of
sufficient length to pass through entire thickness of walls,
partitions, or slabs. Sleeves in floor slabs nust extend 50 mm 2 i nches

above the finished floor. Space between the pipe and the sleeve nust
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be firmy packed with insulation and caul ked at both ends of the sleeve
with plastic waterproof cenent.

12.2.4 Di esel Fuel System

NFPA 30 and NFPA 37 and the requirenents herein.
2.2.4.1 Di esel Fuel Piping System

Factory installed piping nmust conformto the engi ne manufacturer's standard.
2.2.4.2 Di esel Fuel Supply System

Provide[ 120][__ ] volt ac diesel fuel supply system Include necessary
equi prent, piping, controls, wiring, and accessori es.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Use the follow ng guidelines for specifying
di esel fuel integral base tanks:

1. Select integral base tank in skid where
appl i cabl e and available. Tank capacity avail able
varies from 100 gallons to 5,000 gall ons.

2. See NFPA 37 for allowable tank sizes and
restrictions.

3. Provide an overflow or return |line between the
di esel fuel day tank and storage tank in accordance
with NFPA 37 if the generator is equipped with both
an external supply tank and a day tank

4. Tank capacity nust be in accordance with the
following table for facilities conplying with

M L- HDBK- 1191, "DOD Medi cal and Dental Treatnent
Facilities Design and Construction Guide."

50 KW- 100 KW GEN SET : 25 MN - 50 MAX GAL
101 KW- 200 KWGEN SET : 50 MN - 75 MAX GAL
201 KW- 300 KWGEN SET : 75 MN - 100 MAX GAL
OVER 300 KW GEN SET 100 M N - 250 MAX GAL

*% *% *% *% *% *% *% *% *% *% *% *% *%%

a. Al Tanks: UL 142. Provide[ integral in skid][ free standi ng] double
wal I (110 percent containment) diesel fuel tanks with a[ m ninmum
capacity of [ ___ ] hours of engine-generator set operation at
full-rated | oad][ capacity as indicated]. Epoxy coat day tanks inside
and prine and paint outside. Construct tanks of not less than 4.76 nmm
3/ 16 inch steel plate with welded joints and necessary stiffeners on
exterior of tank. Provide a braced structural steel franework
support. Weld tank top tight. Provide 114 mm 4 1/2 inch square
i nspection port with a 2 inch NPT fill connection and spill box.
Provi de proper normal and energency venting for the prinmary tank and
energency venting only for the secondary tank / contai nment basin in
accordance with UL 142 requirenents.[ Provide an overflow or return
line between the diesel fuel day tank and storage tank in accordance
with  NFPA 37.]

b. Float Switches for Day Tanks: Provide tank-top nounted or externa
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f.

float cage, single-pole, single-throw type designed for use on fuel oil
tanks. Arrange high level float switches to close on rise of liquid
level, and low | evel float switches to close on fall of liquid |evel.
Mount float cage units with isolating and drain valves. Contacts mnust
be suitable for the station battery voltage.

(1) Critical low level float switch which nust activate at 5 percent
of normal liquid |evel nust shut engine off.

(2) Lowlow level float switch which nust activate alarmat 30 percent
of normal liquid |evel.

(3) Low level float switch which nust open the fuel oil sol enoid val ve
and start the[ renpte] fuel transfer punp at 75 percent of nornal
[iquid |evel.

(4) High level float switch which nust close the fuel oil solenoid
val ve and stop the[ renote] fuel transfer punp at 90 percent of
normal liquid |evel.

(5) Critical high level float switch which must activate alarmat 95
percent of normal liquid |Ievel.

Leak Detector Switch for all tanks: Actuates when fuel is detected in
contai nnent basin, stops fuel transfer punp, and closes the fuel oil
sol enoi d val ve.

Control Panel for all tanks: Provide NEMA ICS 6, Type[ 1][ 1,
encl osed control panel for each day tank. Control panel nust include
the foll owi ng accessories.

(1) Power available LED (green).

(2) Critical |low fuel alarmcontacts for shut down of engine.

(3) LowIlow level fuel alarm LED.

(4) Lowlow level fuel alarmcontacts for renote annunciator.

(5) Critical high Ievel fuel alarm LED.

(6) Leak detecting al arm LED.

(7) Alarm horn.

Tank Gagesfor all tanks: Provide buoyant force type gages for diesel
fuel tanks with dial indicator not |ess than 100 mm 4 inches in size
and arranged for top nounting. Calibrate each reading dial or scale
for its specific tank to read fromenpty to full, with internedi ate

points of 1/4, 1/2, and 3/4.

Integral Base tanks used as Primary tank: Provide a 2 inch opening at

the tank fillport, fitted an overfill prevention valve (OPV).
Additionally, the fill opening nust be perpendicular to the tank in
order to allow operation of the OPV. Integral base tank nust be sized
and configured such that the filling and venting nozzl es are outside

the generator cabinet for ease of accessibility, inspection, and
mai nt enance. Level gage must be in the line of sight fromthe fill
port.
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Il 9. Integral Base Tanks | ocated inside buildings: The tank vents nust
di scharge outside the building in accordance with NFPA 30 and NFPA 37.
The fill pipe nust terninate outside the building. The fill pipe
connection point nust be housed in a sealed spill box. Hi gh |evel
alarns or |evel gauges used as overfill protection nechani sns nust
annunci ate at the fill connection point. Provide an overfill
prevention valve (OPV) at the tank with a check val ve mounted on the
fill line in the spill box. The fill connection point nust be | abel ed
with tank contents and capacity.

I h. External Tanks(all non-integral base tanks) are specified in Section 33
56 10 Factory-Fabricated Fuel Storage Tanks.

1[12.2.4.3 Fuel Transfer Punp[s]

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Delete this paragraph when renote fue
transfer punp(s) are provided. Select duplex punps
for facilities conplying with UFC 4-510-01, "Design
Medical Mlitary Facilities".
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Fuel transfer punps may be nmounted on the day tank. Punp[s] nust be[
dupl ex,] horizontal, positive displacenent. Direct-connect punp to notor
through a flexible coupling. Equip each punp with a bypass relief valve,
if not provided with an internal relief valve. Provide nmotor and
controller in accordance with paragraph ELECTRI CAL SUPPORT EQUI PMENT.

12.2.4.4 Fuel O| Sol enoid Valve

UL 429. Provide electric solenoid type control valve for each day tank
Sol enoid nust be rated for starting battery voltage. Valve body must have
a m ni mum wor ki ng pressure rating of 1033 kPa 150 psig at 93 degrees C 200
degrees F. Valve nust be capable of passing 0 to 0.63 L/s 0 to 10 gpm of

fuel oil. Valves nust be two-way, direct acting, normally closed (open
when energi zed, cl osed when de-energized), with brass stainless steel body
and resilient seat material. Sol enoid enclosures rmust be NEMA I CS 6, Type

1. Body connections nust be sane size as connecting piping. Valve nust be
in line before the fuel punp.

2.2.4.5 Strainer
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NOTE: Select the options for duplex filters when
changing of the filter will be required while the
engi ne-generator set is operating. Do not provide
duplex filters when the engi ne-generator set is to
be installed in an enclosure or provided with an
engi ne-driven radiator.
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[ Si mpl ex] [ Dupl ex] strainers nust conply with Section 33 52 10 FUEL SYSTEMS
Pl PI NG ( SERVI CE STATI ON).

[2.2.4.6 Fuel G| Meters
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NOTE: Provide fuel oil neters when required by the
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using activity.
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Fuel oil meter nust conply with Section 33 52 10 FUEL SYSTEMS PI Pl NG
( SERVI CE STATI ON) .

12.2.4.7 Fuel G| Cool er

Provide an air cooled fuel oil cooler if the tenperature of the fuel
returned to the tank fromthe engine will cause overheating of the tank
fuel above the maxi num fuel tenperature allowed by the engi ne manufacturer
when operating at maxi numrated generator power output and | ow fuel |evel
in the tank. The fuel oil cool er nmust be furnished by the engine
manufacturer for the application and the installation nmust be conplete

i ncl udi ng pi ping and power requirenments.

2.2.5 Starting Battery System

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Starting battery system nust be 24-volt dc
for engi ne-generator sets greater than 100 kW and
12-volt dc for engine-generator sets rated 100 kW
and | ess.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide a] 24][ 12]-volt dc starting battery installation for starting of
each engi ne-generator set utilizing an electric cranking system

2.2.5.1 Engi ne Starting Battery

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The anbi ent tenperature sel ected nmust be the
| owest tenperature at which the engi ne night be
cranked. Battery configuration nmust be two parall el
sets of two 12-volt batteries for engi ne-generator
sets rated 750 kW and above.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provi de mai ntenance free, sealed, |ead-acid, SAE Type D diesel engine

starting batteries.[ Battery configuration nmust be two parallel sets of

two 12-volt batteries.] Batteries nust have sufficient capacity to provide

60 seconds of continuous cranking of the engine in an anbient tenperature of
[ ] degrees C | ] degrees F.

2.2.5.2 Starting Battery Charger

UL 1236. Provide[ 120][ ___ ] volt ac, enclosed, automatic equali zing,

dual -rate, solid-state, constant voltage type battery charger wth
automatic ac line conpensation. Dc output nust be voltage regul ated and
current limted. Charger nmust have two ranges, float and equalize, and
must provi de continuous taper charging. The charger nmust have a continuous
output rating of not less than 10 anperes and nust be sized to recharge the
engi ne starting batteries in a mninumof 8 hours while providing the
control power needs of the engine-generator set. Enclosure nust be

NEMA ICS 6, Type[ 1]1[__ ]. The follow ng accessories nust be included

a. Dc ammet er

b. Dc voltneter
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c. Equalize light

d. Ac on light

e. Low voltage light

f. High voltage Iight

g. Equalize test button/switch

h. Ac circuit breaker

i. Lowdc voltage alarmrelay

j. Hgh dc voltage alarmrel ay

k. Current failure relay

. Ac power failure relay

.2.6 Engi ne- Gener at or Control Panel

Provide NEMA ICS 6, Type[ 1][__ ], enclosed control panel nounted on the
engi ne-generator set with vibration isolators. Provide the follow ng
control panel nounted devices and control features.

.2.6.1 Control Panel Mounted Devi ces

a. Engine Control Switch (ECS): Provide a three position control swtch
with "MANUAL START" - "OFF/ RESET" - "AUTO START" positions.

b. Emergency Stop Push Button (ESPB): Provide a red, nushroom head,
twi st-to-reset, nmaintained contact type push button.

c. Generator Metering: Provide ac netering package that displays ac
vol tage, current, and frequency of one phase of the generator output
si mul taneously. Metering package must include a voltneter/ameter
phase selector switch to allow view ng of each phase.

d. Generator Voltage Adjust Potentionmeter (VAP): Provide a potentioneter,
| ocki ng screwdriver type, to adjust generator voltage.

e. Engine Instrunentation: Provide instrunentation package that displays
the foll owi ng engi ne information:

(1) Engine oil pressure

(2) Engi ne cool ant tenperature

(3) Engine speed (rpm

(4) Engi ne running hours. Engi ne hour neter nust be non-resettable.
f. Indicating Lanps: Provide LED type indicating |anps and a | anp test

switch. Lanps nust indicate the follow ng alarm and shutdown

conditions:

(1) Low engine lubricating oil pressure alarm
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(2) Low engine lubricating oil pressure shutdown

(3) High engine coolant tenperature alarm

(4) High engine cool ant tenperature shutdown

(5) Engi ne overcrank shut down

(6) Engi ne overspeed shut down

(7) Energency stop shutdown

(8) Starting battery systemtrouble alarm

(9) Day tank | ow fuel shutdown

(10) Low engi ne cool ant tenperature alarm

(11) Low cool ant |evel shutdown

(12) High fuel |evel

(13) Leak dection basin
g. AlarmHorn: Provide an alarm horn and a horn silence swtch.
h. Panel Lanp: Provide a panel lanp and | anp "ON OFF" switch

2.2.6.2 Crank Cycl e/ Term nate Rel ay

Provide crank cycle/termnate relay with adjustable crank/rest per
to 60 seconds (initially set for 15 seconds) and adjustable tota

time of 30 seconds to 10 minutes (initially set for 75 seconds).

2.2.6.3 Engi ne Cool down Rel ay

i ods of
crank

Provi de cool down relay with adjustable cool down tinme of 0 to 30 m nutes

(initially set at engine manufacturer's recomrended tine).

[2.2.7 Renmpot e Al ar m Annunci at or

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Include option for renote al arm panel [|ocated
in a location readily observed by operating
personnel when the engi ne-generator set is not in a
readi |y observed |ocation. For nost applications
the renote al arm annunci at or shoul d be powered from
the engine starting battery system \WWen a separate
battery power source is necessary, select the option
for "Storage Battery."
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Provide NEMA ICS 6, Type[ 1][__ ], enclosed renote al arm annunc

powered by the engine starting battery systenj. The annunci ator nust have

a lanp test switch and LED type indicating | anps. The annunci at or

ator|

must

gi ve visual and audi ble warnings for the follow ng operating and al arm

conditions:
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a. Provide lanps for the follow ng operating conditions:
(1) Operating power source, nornmal or energency
(2) Starting battery systemtrouble
b. Provide |anps and an audi ble signal for the follow ng al arm conditions:
(1) Low engine lubricating oil pressure
(2) Low engi ne cool ant tenperature
(3) High engine coolant tenperature
(4) Low fuel
(5) Engi ne overcrank shutdown
(6) Engi ne overspeed shut down
[2.2.7.1 Storage Battery
Provi de storage batteries of suitable rating and capacity to supply and
mai ntain power for the renote al arm annunciator for a period of 90 m nutes

m ni mum wi t hout the voltage applied falling below 87.5 percent of nornal
Provide a] 120]] ] volt ac automatic battery charger.

112.2.8 Generator Circuit Breaker

UL 489, nol ded case, adjustable thermal nmagnetic trip type circuit breaker
The circuit breaker continuous current rating nust be adequate for the
power rating of the engine-generator set and the circuit breaker nust be
rated to withstand the short circuit current provided by the generator set.
Provide circuit breaker in a NEMA ICS 6, Type[ 1] ] encl osure nount ed
on the engi ne-generator set.

2.2.9 El ectrical Support Equi pment

Furni sh with respective pieces of equipnent. Mtors, controllers,
contactors, and disconnects must conformto Section 26 20 00 | NTERI OR
DI STRI BUTI ON SYSTEM  Provi de el ectrical connections under Section 26 20 00
I NTERI OR DI STRI BUTI ON SYSTEM  Provide controllers and contactors with
maxi mum of 120-volt control circuits, and auxiliary contacts for use with
controls furnished. Wen notors and equi pnent furnished are | arger than
size indicated, the cost of providing additional electrical service and
rel ated work must be included under this section.

[2.2.10 Weat her proof Encl osure

Provi de for each engi ne-generator set and fabricate from zinc coated or
phosphati zed and shop prined 16 gage mini num sheet steel in accordance with
the manufacturer's standard design. Provide a conplete, weatherproof

encl osure for the engine, generator, and auxiliary systens and equi pnent.
Support exhaust piping and silencer so that the turbocharger is not

subj ected to exhaust system weight or lateral forces generated in
connecting piping that exceed the engi ne manufacturer's maxi num al | owed
forces and nonents. The housing nust have sufficient |ouvered openings to
al l ow entrance of outside air for engine and generator cooling at ful

| oad. Design |ouvered openings to exclude driving rain and snow. Provide
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properly arranged and sized, hinged panels in the enclosure to allow
conveni ent access to the engine, generator, and control equipnment for

mai nt enance and operational procedures. Provide hinged panels with spring
type |l atches which nust hold the panels closed securely and will not allow
themto vibrate. Brace the housing internally to prevent excessive

vi bration when the set is in operation

12.3 SPECI AL WRENCHES AND TOOLS

W enches and tools specifically designed and required to work on the new
equi pnent, which are not comrercially available as standard nechanic's
tools, nust be furnished to the Contracting O ficer

.4 | DENTI FI CATI ON OF EQUI PMENT

Provide plates and tags sized so that inscription is readily legible to
operating or nmintenance personnel and securely nounted to or attached in
proximty of their identified controls or equipnment. Lettering nust be
normal block lettering, a mninumof 6.4 nmO0.25 inch high.

4.1 Materials

Construct 1D plates and tags of 16 gage m ni numthi ckness bronze or
stai nl ess steel sheet netal engraved or stanped with inscription

Construct plates and tags not exposed to the weather or high operationa
tenperature of the diesel engine of lamnated plastic, 3.2 mm 0. 125 inch
thick, matte white finish with black center core, with lettering accurately
al i gned and engraved into the core.

. 4.2 Control Devices and Operation Indicators

Provide ID plates or tags for control devices and operation indicators,

i ncludi ng val ves, off-on swi tches, visual alarm annunciators, gages and
thermoneters, that are required for operation and nai ntenance of provided
mechani cal systens. Plates or tags nust be mnimumof 13 nmm 0.5 inch high

and 50 mm 2 inches |long and nust indicate conponent system and conponent
function.

.4.3 Equipment

Provide ID plates of a minimumsize of 75 nm 3 inches high and 130 mrm 5
inches | ong on provided equi pnent indicating the followi ng information

a. Mnufacturer's nane, address, type and nodel nunber, serial nunber, and
certificate of conpliance with applicabl e EPA eni ssion standards;

b. Contract nunber and accepted date;

c. Capacity or size;

d. Systemin which installed; and

e. Systemwhich it controls.

.5 ASSEMBLED OPERATI ON AND MAI NTENANCE MANUALS

The contents of the assenbl ed operati on and mai nt enance nanual s nust

i nclude the manufacturer's O&M i nformation required by the paragraph SD 10,
OPERATI ON AND MAI NTENANCE DATA and the nmanufacturer's O&M i nfornmation
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2.

2.

specified in Section 26 36 23.00 20 AUTOVATI C TRANSFER SW TCHES.

a.

6

Manual s nust be in separate books or volumes, assenbl ed and bound
securely in durable, hard covered, water resistant binder, and indexed
by maj or assenbly and conponents in sequential order

A table of contents (index) nust be namde part of the assenbled O&M
The manual nust be assenbled in the order noted in table of contents.

The cover sheet or binder on each volune of the manuals nust be
identified and marked with the words, "Operation and Mai nt enance
Manual."

SCQURCE QUALI TY CONTROL
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NOTE: Include the bracketed option bel ow for
projects |located outside the continental United
St at es ( OCONUS)

*kkkkkkkkkkkkkkkkkkkkkk kkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkk

Perform and report on factory tests and inspections prior to shipnent.
Provide certified copies of manufacturer's test data and results. Test
procedures nust conformto ASME, |EEE,[ I EC,] and ANSI standards, and to
1 SO requirements on testing, as appropriate and applicable. The

manuf acturer performing the tests must provide equi prent, |abor, and
consumabl es necessary for tests and measuring and indicating devices nust
be certified to be within calibration. Tests nust indicate satisfactory

operation and attai nment of specified performance. |f satisfactory,

equi pnent tested will be given a tentative approval. Equi pnent nust not be
shi pped before approval of the factory test reports for the follow ng tests.
6.1 Engi ne Tests

Perform custonmary comercial factory tests in accordance with | SO 3046 on
each engi ne and associ ated engi ne protective device, including, but not
limted to the foll ow ng:

a.

6

.2

Per f orm dynanoneter test at rated power. Record horsepower at rated
speed and nomni nal characteristics such as lubricating oil pressure,
j acket water tenperature, and anbi ent tenperature.

Test and record the values that the low oil pressure alarm and
protective shutdown devices actuate prior to assenbly on the engine.

Test and record val ues that the high jacket water tenperature alarm and
protective shutdown devices actuate prior to assenbly on the engine.

CGenerator Tests
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NOTE: Include the bracketed option bel ow for
projects |located outside the continental United
St at es ( OCONUS)

*%

*% *% *% *% * *% *% *% *% *% *% *%%

Tests nust be perfornmed on the conplete factory assenbl ed generator prior
to shiprment. Conduct tests in accordance with | EEE 115, NEMA C50. 10|,
| EC 60034-2A], and NEMA MG 1.
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2.6.2.1 Routi ne Tests
Performthe following routine tests on the generators and their exciters:
a. Resistance of armature and field wi ndings
b. Mechani cal bal ance
c. Phases sequence
d. Open circuit saturation curve and phase (voltage) bal ance test
e. Insulation resistance of armature and field w ndings
f. High potential test
2.6.2.2 Desi gn Tests

Subnmit the follow ng design tests made on prototype machines that are
physically and electrically identical to the generators specifi ed.

a. Tenperature rise test
b. Short circuit saturation curve and current bal ance test

2.6.3 Assenbl ed Engi ne- Generator Set Tests

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Select the first option for engi ne-generator
sets rated up to 250 kW Sel ect the second option
for engi ne-generator sets rated greater than 250 kW
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[Submit the followi ng tests nade on prototype machines that are physically
and electrically identical to the engine-generator set specified.][Perform
the following tests on the assenbl ed engi ne-generator set.]

2.6.3.1 Initial Stabilization Readings

QOperate the engi ne-generator set and allow the set to stabilize at rated kW
at rated power factor, rated voltage, and rated frequency. During this
period record instrunent readi ngs for output power (kW, term nal voltage,
line current, power factor, frequency (rpn) generator (exciter) field
voltage and current, lubricating oil pressure, jacket water tenperature,
and anbi ent tenperature at minimumintervals of 15 minutes. Adjust the

| oad, voltage, and frequency to naintain rated |oad at rated voltage and
frequency. Adjustnents to |oad, voltage, or frequency controls nust be
recorded on the data sheet at the tine of adjustnment. Stabilization nust
be considered to have occurred when four consecutive voltage and current
recorded readi ngs of the generator (or exciter) field either remain
unchanged or have only ninor variations about an equilibriumcondition with
no evident continued increase or decrease in value after the |ast
adjustnent to the |load, voltage, or frequency has been nade.

2.6.3.2 Regul at or Range Test

Renove | oad and record instrunent readings (after transients have
subsided). Adjust voltage to the maxi num attai nable value or to a val ue
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just prior to actuation of the overvoltage protection device. Apply rated
| oad and adjust voltage to the ninimum attai nabl e val ue or a val ue just
prior to activation of the undervoltage protection device. The data sheets
must indicate the voltage regulation as a percent of rated voltage and the
maxi mum and m ni nrum vol t ages attainable. Voltage regul ati on nust be
defined as foll ows:

Percent Regul ation = ((No-Load Voltage) - (Rated-Load Voltage)) x 100
(Rat ed- Load Vol t age)

.6.3.3 Frequency Range Test

Adj ust the engi ne-generator set frequency for the maxi num attai nabl e
frequency at rated |load. Record instrunent readings. Adjust the

engi ne-generator set frequency for the specified mninum attai nabl e
frequency at rated |load. Record instrunment readings. Reduce the load to
zero and adj ust the engine-generator set frequency for the naxinum

attai nable frequency. Record instrunent readings. Adjust the

engi ne-generator set frequency for the mninumattainable frequency.
Record instrunent readings. The data sheet nust show the maxi mum and

m ni mum frequencies attained at rated | oad, and at no | oad.

.6.3.4 Transi ent Response Test

Drop the load to no load and re-apply rated load three tines to ensure that
the no load and rated | oad voltage and frequency val ues are repeatable and
that the frequency and voltage regulation is within the Iimts specified.
Record generator term nal voltage and frequency using a high speed strip
chart recorder. The data sheet nust show the foll owing results:
a. Frequency

(1) Stability bandwi dth or deviation in percent of rated frequency.

(2) Recovery tine.

(3) Overshoot and undershoot.
b. Voltage

(1) Stability bandwi dth or deviation in percent of rated voltage.

(2) Recovery tine.

(3) Overshoot and undershoot.

PART 3 EXECUTI ON

3.

3.

1 INSTALLATION

Installation nust conformto the applicable requirenments of | EEE C2 NFPA 30,
NFPA 37, and NFPA 70.

2 GROUNDING
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NOTE: Where rock or other soil conditions prevent
obt ai ni ng a specified ground val ue, other mnethods of
groundi ng should be specified. Were it is
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i mpractical to obtain the indicated ground

resi stance val ues, nmake every effort within reason
to obtain ground resistance val ues as near as
possi ble to the indicated val ues.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NFPA 70 and | EEE C2, except that grounding systens nust have a resistance
to solid earth ground not exceeding 5 ohns.

2.1 Groundi ng El ectrodes

Provi de driven ground rods as specified in[ Section 33 71 02 UNDERGROUND
ELECTRI CAL DI STRIBUTI ONJ[ and][ Section 33 71 01 OVERHEAD TRANSM SSI ON AND
DI STRI BUTI ON] . Connect ground conductors to the upper end of ground rods
by exothernic weld or conpression connector. Provide conpression
connectors at equi pnent end of ground conductors.

. 2.2 Engi ne- Generator Set G oundi ng

Provi de separate copper groundi ng conductors and connect themto the ground
system as indicated. When work in addition to that indicated or specified

is required to obtain the specified ground resistance, the provision of the
contract covering "Changes" nust apply.

.2.3 Connections

Make joints in groundi ng conductors by exothernic weld or conpression
connector. Exotherm ¢ welds and conpression connectors nust be installed
as specified in Section 33 71 02 UNDERGROUND ELECTRI CAL DI STRI BUTI ON

par agr aph regardi ng GROUNDI NG

.2.4 Groundi ng and Bondi ng Equi prrent

UL 467, except as indicated or specified otherw se.

.3  START-UP ENG NEER

Provide the services of a qualified factory trained start-up engineer,
regul arly enpl oyed by the engi ne-generator set manufacturer. The start-up
servi ces nust include conducting prelimnary operations and functiona
acceptance tests. The start-up engi neer nmust be present at the engine
generator set installation site, full-tine, while prelimnary operations
and functional acceptance tests are being conducted.

.4 PREREQUI SI TES FOR FUNCTI ONAL ACCEPTANCE TESTI NG

Conpl etion of the following requirenents is mandatory prior to scheduling
functional acceptance tests for the engine-generator set and auxiliary
equipment.

4.1 Pi pi ng Tests

Conpl ete as specified in Section 33 52 10 FUEL SYSTEMS PI PI NG ( SERVI CE
STATION).

. 4.2 Per f ormance of Acceptance Checks and Tests

The acceptance checks and tests nust be acconplished by the testing
organi zation as described in Section 26 08 00 APPARATUS | NSPECTI ON AND
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3.

TESTING.

.4.2.1 Generator Sets

Conpl ete as specified in the paragraph ACCEPTANCE CHECKS AND TESTS

.4.2.2 Aut omati ¢ Transfer Sw tches

Conpl et e acceptance checks and tests as specified in Section 26 36 23.00 20
AUTOVATI C TRANSFER SW TCHES.

. 4.3 Prelimnary Operations

The start-up engi neer nust conduct manufacturer recomrended start-up
procedures and tests to verify that the engi ne-generator set and auxiliary
equi prrent are ready for functional acceptance tests. Gve the Contracting
O ficer 15 days' advance notice that prelinmnary operations will be
conducted. After prelimnary operation has been successfully conducted,
the start-up engineer will notify the Contracting Officer in witing
stating the engi ne-generator set and auxiliary equipnent are ready for
functional acceptance tests.

.4.4 Prelimnary Assenbl ed Qperation and Mai nt enance Manual s

Prelimnary assenbl ed operation and mai nt enance manual s nust have been
submitted to and approved by the Contracting Oficer. Mnuals nust be
prepared as specified in the paragraph ASSEMBLED OPERATI ON AND MAI NTENANCE
MANUALS.

.4.5 Functi onal Acceptance Test Procedure

Test procedure must be prepared by the start-up engineer specifically for
the engi ne-generator set and auxiliary equiprment. The test agenda nust
cover the requirements specified in the paragraph FUNCTI ONAL ACCEPTANCE
TESTS. The test procedure nust indicate in detail howtests are to be
conducted. A statenent of the tests that are to be perforned w thout
indicating how the tests are to be perforned is not acceptable. Indicate
what work is planned on each workday and identify the cal endar dates of the
pl anned wor kdays. Specify what additional technical support personnel is
needed such as factory representatives for najor equi pment. Specify on

whi ch testing workday each technical support personnel is needed. Data
recording forns to be used to docunent test results are to be subnitted
with the proposed test procedure. A list of test equipnent and instrunents
nmust al so be included in the test procedure.

.4.6 Test Equi prent

Test equi pnment and instrunents nust be on hand prior to scheduling field
tests or, subject to Contracting O ficer approval, evidence nust be
provided to show that arrangements have been nade to have the necessary
equi prrent and instrunments on site prior to field testing.

5 FI ELD QUALI TY CONTROL

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Include the bracketed option bel ow for NAVFAC
projects. coordinate Echelon Il Reach-back Support
wi th NAVFAC LANT Cl44 O fice or NAVFAC PAC Cl 44

O fice during the design stage of the specific
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project.
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G ve Contracting Officer[ NAVFAC [ ], Code [ ]]1 30 days notice of
dates and times scheduled for tests which require the presence of the
Contracting Officer. The Contracting Officer will coordinate with the
using activity and schedule a tine that will elimnate or nmnimze
interruptions and interference with the activity operations. The
Contractor mnust be responsible for costs associated with conducting tests
out si de of normal working hours and with incorporating special arrangenents
and procedures, including tenporary power conditions. The Contractor nust
provi de | abor, equipnent, diesel fuel, test |oad, and consunmabl es required
for the specified tests. The test |oad nust be a catal oged product.

Cal i bration of neasuring devices and indicating devices nmust be certified.
Refer to Section 26 00 00.00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS, for
requirenents for a catal oged product. Performthe following field tests.

.5.1 Accept ance Checks and Tests

Performin accordance with the nanufacturer's recomrendati ons, and include
the follow ng visual and nechanical inspections and electrical tests,
performed in accordance with NETA ATS

5.1.1 Circuit Breakers - Low Voltage Insul ated Case/ Mol ded Case

a. Visual and nechanical inspection

(1) Conpare nanepl ate data with specifications and approved shop
drawings.

(2) Inspect circuit breaker for correct nounting.

(3) Operate circuit breaker to ensure snooth operation

(4) Inspect case for cracks or other defects.

(5) Verify tightness of accessible bolted connections and cabl e
connections by calibrated torque-wench nmethod. Thernographic
survey i s not required.

(6) Inspect mechanismcontacts and arc chutes in unseal ed units.

b. Electrical Tests
(1) Perform contact-resistance tests.

(2) Performinsul ation-resistance tests.

(3) Adjust Breaker(s) for final settings in accordance with
engi ne-generator set manufacturer's requirenents.

5.1.2 Current Transformers
a. Visual and Mechanical |nspection

(1) Conpare equi prent naneplate data with specifications and approved
shop draw ngs.

(2) Inspect physical and mechanical condition
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(3) Verify correct connection

(4) Verify that adequate cl earances exist between primry and
secondary circuit.

(5) Verify tightness of accessible bolted electrical connections by
cal i brated torque-wench nmethod. Thernographic survey is not
required.

(6) Verify that all required grounding and shorting connections
provi de good contact.

El ectrical Tests

(1) Performinsul ation-resistance tests.
(2) Performpolarity tests.

(3) Performratio-verification tests.

3 Metering and Instrunentation

Vi sual and Mechani cal | nspection

(1) Conpare equi prent nanepl ate data with specifications and approved
shop draw ngs.

(2) Inspect physical and mechanical condition
(3) Verify tightness of electrical connections.
El ectrical Tests

(1) Determne accuracy of neters at 25, 50, 75, and 100 percent of
full scale.

(2) Calibrate watthour neters according to manufacturer's published
data.

(3) Verify all instrunent nultipliers.

(4) Electrically confirmthat current transformer secondary circuits
are intact.

4 Battery Systens
Vi sual and nechani cal inspection

(1) Conpare equi prent naneplate data with specifications and approved
shop draw ngs.

(2) Inspect physical and mechanical condition

(3) Verify tightness of accessible bolted electrical connections by
cal i brated torque-wench nmethod. Thernographic survey is not
required.

(4) Measure electrolyte specific gravity and tenperature and visually
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check fill |evel

(5) Verify adequacy of battery support racks, mounting, anchorage, and
clearances.

b. Electrical tests
(1) Set charger float and equalizing voltage |evels.
(2) Verify all charger functions and al armns.

(3) Measure each cell voltage and total battery voltage with charger
energi zed and in fl oat node of operation

(4) Performa capacity load test.
3.5.1.5 Engi ne- Gener at or Set
a. Visual and nechanical inspection

(1) Conpare equi prrent nanepl ate data with specifications and approved
shop draw ngs.

(2) Inspect physical and mechanical condition
(3) Inspect for correct anchorage and grounding.
b. Electrical and nechanical tests

(1) Performan insulation-resistance test on generator winding with
respect to ground. Calculate polarization index.

(2) Perform phase rotation test to deternine conpatibility with | oad
requirements.

3.5.1.6 Groundi ng Syst em
a. Visual and nechanical inspection

(1) Inspect ground systemfor conpliance with contract plans and
specifications.

b. Electrical tests

(1) Perform ground-inpedance nmeasurenents utilizing the
fall-of-potential nmethod. On systens consisting of interconnected
ground rods, performtests after interconnections are conplete.

On systens consisting of a single ground rod performtests before
any wire is connected. Take neasurenents in normally dry weat her,
not |less than 48 hours after rainfall. Use a portable ground
testing megger in accordance with manufacturer's instructions to
test each ground or group of grounds. The instrument mnust be

equi pped with a nmeter reading directly in ohns or fractions
thereof to indicate the ground value of the ground rod or
groundi ng systens under test.

3.5.2 Functi onal Acceptance Tests

*% *% *% *% *% *% *% *% *% *% *% *% *%%

SECTION 26 32 13.00 20 Page 44



NOTE: Include the bracketed option bel ow for NAVFAC
projects.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

The tests nust be perforned by the start-up engineer. Upon successful test
conpl etion, the start-up engi neer nmust provide the Contracting Officer with
a witten test report within 15 cal endar days showi ng the tests perforned
and the results of each test. The report nust include the conpleted
approved test data forns and certification fromthe start-up engi neer that
the test results fall within the manufacturer's recomended limits and neet
the specified requirenents performance. The report nust be dated and
signed by the start-up engineer, and submtted for approval by the
Contracting Oficer. The Contracting Oficer[ and NAVFAC [ ], Code
[ 11 will witness final acceptance tests. Testing rmust include but not
be limted to:

a. Verify proper functioning of each engine protective shutdown device and
pre-shutdown al arm device. Testing of the devices nmust be acconpli shed
by sinul ating device actuation and observing proper alarm and engi ne
shut down operati on.

b. Verify proper functioning of the engine overspeed trip device.
Testing of the overspeed trip device nust be acconplished by raising
the speed of the engi ne-generator set until an overspeed trip is
experienced.

c. Verify proper functioning of the crank cycle/termni nate rel ay. Testing
of the relay nmust be acconplished by engaging the starter motor with
t he engi ne being prevented fromrunning. OCbserve the conplete
crank/rest cycle as described in the paragraph CRANK CYCLE/ TERM NATE
RELAY.

d. Verify proper functioning of the followi ng automatic and manua
operations. Testing nmust include but not be linmted to:

(1) Loss of Uility: Initiate a nornal power failure with connected
test load of rated kWat 1.0 power factor. Record tine delay on
start, cranking time until engine starts and runs, tine to cone up
to operating speed, voltage and frequency overshoot, and tinme to
achi eve steady state conditions with all switches transferred to
energency position

(2) Return of Uility: Return normal power and record tine delay on
retransfer for each automatic transfer switch, and tinme delay on
engi ne cool down and shut down.

(3) Manual starting
(4) Energency stop

e. QOperate the engine-generator set at rated current (anperes) until the
jacket water tenperature stabilizes. Stabilization will be considered
to have occurred when three consecutive tenperature readings remain
unchanged. Continue to operate the generator set for an additional 2
hours. Record instrunent readings for term nal voltage, |ine current,
frequency (Hz), engine speed rpm lubricating oil pressure, jacket
wat er tenperature, and anbient tenperature at 5 minute intervals for
first 15 mnutes and at 15 minute intervals thereafter
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[3.5.3 Em ssions Tests
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NOTE: | nclude the follow ng paragraph when
verification of diesel engine emission linmts are
required by air pollution permt.

*% *% *% *% *% *% *% *% *% *%%

Provide on site testing by a certified testing organi zati on of each

engi ne-generator set. Testing nmust be in accordance with an EPA approved
method, 40 CFR 60, (Appendix, Method 7, 7A, 7B, 7C, 7D or 7E). Em ssions
at rated full load nust be within the limts specified in the paragraph
DI ESEL ENG NE EM SSI ONS LI M TS.

13.6 DEMONSTRATION

Upon conpletion of the work and at a tine approved by the Contracting
Oficer, the Contractor nust provide instructions by a qualified instructor
to the Governnent personnel in the proper operation and mai ntenance of the
equiprent. [__ ] Governnent personnel rnust receive training conparable
to the equi pmrent manufacturer's factory training. The duration of
instruction nust be for not |ess than one 8 hour working day for
instruction of operating personnel and not |ess than one 8 hour working day
for instruction of maintenance personnel

3.6.1 Instructor's Qualification Resune
Instructors rmust be regul ar enpl oyees of the engi ne-generator set
manuf acturer. The instruction personnel provided to satisfy the
requi renents above nust be factory certified by the rel ated equi pnent
manuf acturer to provide instruction services. Submt the nane and
qualification resune of instructor to the Contracting Oficer for approval
3.6.2 Trai ning Pl an
Subnmit training plan 30 cal endar days prior to training sessions. Training
pl an nust include scheduling, content, outline, and training nmaterial
(handouts). Content must include but not linted to the foll ow ng:
3.6.2.1 Operating Personnel Training
This instruction includes operating the engi ne-generator set, auxiliary
equi pnent including automatic transfer switches in all nodes, and the use
of all functions and features specified.
3.6.2.2 Mai nt enance Personnel Training
Trai ning nust include nechanical, hydraulic, electrical, and electronic
instructions for the engine-generator set and auxiliary equi pment including
automatic transfer sw tches
a. Mechanical Training: Mist include at |east the follow ng:
(1) A review of nmechanical diagrans and draw ngs.
(2) Conponent |ocation and functions.

(3) Troubl eshooting procedures and techni ques.
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(4) Repair procedures.

(5) Assenbly/di sassenbly procedures.
(6) Adjustnents (how, when, and where).
(7) Preventive mai ntenance procedures.
(8) Review of flow diagram

(9) Valve locations and function

(10) Val ve and hydraul i c equi prent adjustnent and nmi nt enance
procedures.

(11) Hydraulic system mai nt enance and servi ci ng.

(12) Lubrication points, type, and reconmended procedures and
frequency.

El ectrical and El ectronic Mintenance Training: Mist include at |east
the foll ow ng:

(1) Areview of electrical and el ectronic systens including wiring
di agrans and draw ngs.

(2) Troubl eshooting procedures for the machi ne and control systens.

(3) Electrical and el ectronic equi pment servicing and care.

(4) Use of diagnostics to |ocate the causes of nal function

(5) Procedures for adjustnments (locating conponents, adjustnments to be
made, values to be neasured, and equi prent required for making

adjustments).

(6) Mai ntenance and troubl eshooti ng procedures for m croprocessor or
nm ni comput er where applicable.

(7) Circuit board repair procedures where applicable (with schenmatics
provided).

(8) Use of diagnostic tapes.

(9) Recommended mmi ntenance servicing and repair for notors, swtches,
rel ays, solenoids, and other auxiliary equi pnent and devices.

-- End of Section --
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