EE IR R R R I R R I I I R R R R R I R S R Rk I Rk I I I R O S O

USACE / NAVFAC / AFCESA / NASA UFGS-26 32 14.00 10 (October 2007)

Preparing Activity: USACE éhbé;ééa;hé -----------------------
UFGS-26 32 14.00 10 (April 2006)
UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS
Ref erences are in agreenent with UVRL dated April 2009

A
SECTI ON TABLE OF CONTENTS
Dl VI SION 26 - ELECTRI CAL

SECTI ON 26 32 14.00 10
DI ESEL- GENERATOR SET, STATI ONARY 15- 300 KW STANDBY APPLI CATI ONS

10/ 07

PART 1 GENERAL

1.1 REFERENCES
1.2 SYSTEM DESCRI PTI ON
1.2.1 Engi ne- Gener at or Par anet er Schedul e
1.2.2 Qut put Capacity
1.2.3 Power Rating
1.2.4 Engi ne CGenerator Set Encl osure
1.2.5 Vi bration Isolation
1.3 SUBM TTALS
1.4 QUALITY ASSURANCE
1.4.1 Conf ormance to Codes and Standards
1.4.2 Site Vel ding
1.4.3 Experi ence
1.4.4 Fi el d Engi neer
1.4.5 Sei sm ¢ Requirenents
1.4.6 Det ai | ed Dr awi ngs
1.5 DELI VERY, STORAGE AND HANDLI NG
1.6 MAI NTENANCE SERVI CE
1.6.1 Operati on Manual
1.6.2 Mai nt enance Manua
1.6.3 Extra Materials
PART 2 PRODUCTS
2.1 NAMEPLATES
2.2 SAFETY DEVI CES
2.3 MATERI ALS AND EQUI PMVENT
2.3.1 Circuit Breakers, Low Voltage
2.3.2 Filter Elenents (Fuel-oil, Lubricating-oil, and Conbustion-air)
2.3.3 Instrument Transforners
2.3.4 Pi pe (Fuel / Lube-o0il, Conpressed-Air, Coolant and Exhaust)
2.3.5 Pi pe Fl anges and Fittings
2.3.6 Pi pe Hangers
2.3.7 El ectrical Encl osures
2.3.7.1 Gener a

SECTION 26 32 14.00 10 Page 1



WWwN

STSENNIN

NN

OO UNNNNNONNNNOOONNG
NRCOOOUIGIaaa GO ®N O

NNNNNON

NNNDNNNAN

2,12

NNNNN

12
2.
2.
.13
.14
2.14
2.14
2.14
.15
.16
.17
2.17
2.17

12.
12.
12.

3.7.2 Panel boar ds

.8 El ectric Mdtors
.9 Mot or Controllers

ENG NE
FUEL SYSTEM
Punps
1.1 Mai n Punp
1.2 Auxi liary Fuel Pump
Filter
Rel i ef / Bypass Val ve
Integral Main Fuel Storage Tank
4.1 Capacity
4.2 Local Fuel Fill
4.3 Fuel Level Controls
4.4 Arr angenent
Day Tank
5.1 Capacity, Standby
5.2 Drai n Line
5.3 Local Fuel Fill
5.4 Fuel Level Controls
5.5 Arr angenent
Fuel Supply System
UBRI CATI ON
Filter
Lube-G | Sensors

COCLI NG SYSTEM
Cool ant Punps
Heat Exchanger

.2.1

.2.2

Expansi on Tank

Duct wor k
Tenperature Sensors
SCUND LI M TATI ONS

Al R | NTAKE EQUI PMENT
EXHAUST SYSTEM

.1 Fl exi bl e Sections and Expansi on Joints
.2 Exhaust Muffl er

.3 Exhaust Pi pi ng

EM SSI ONS

STARTI NG SYSTEM

1 Controls

2 Capacity

3 Functi onal Requirenents
4 Battery

5 Battery Charger

6 Starting Aids

12.6.1 d ow Pl ugs
12.6.2 Jacket - Cool ant Heaters
GOVERNOR

GENERATOR

.1 Current Bal ance
.2 Vol t age Bal ance
.3 Wavef or m

EXCl TER

VOLTAGE REGULATOR
GENERATOR PROTECTI ON
.1 Panel boar ds

.2 Devi ces

SECTION 26 32 14.00 10 Page 2

Fi n- Tube- Type Heat Exchanger (Radi ator)
Shell and U Tube Type Heat Exchanger



18 SAFETY SYSTEM
2.18.1 Audi bl e Si gna
2.18.2 Vi sual Al arm Si gha
2.18.3 Al arns and Action Logic
2.18.3.1 Shut down
2.18.3.2 Probl em

.18. 4 Local Al arm Pane
.18.5 Ti me-Del ay on Al arns
.18.6 Renot e Al ar m Pane
9 ENG NE GENERATOR SET CONTROLS AND | NSTRUMENTATI ON
2.19.1 Control s
2.19.2 Engi ne CGenerator Set Metering and Status Indication
. 20 PANELS
2.20.1 Encl osur es
2.20.2 Anal og
2.20.3 El ectronic
2.20.4 Par anet er Di spl ay
2.20.5 Exer ci ser

2.21 SURGE PROTECTI ON

N

.22 AUTOVATI C ENG NE- GENERATOR- SET SYSTEM OPERATI ON
2.22.1 Automatic Transfer Switch

2.22.2 Moni toring and Transfer

.23 MANUAL ENG NE- GENERATOR SET SYSTEM OPERATI ON
.24 BASE

.25 THERMAL | NSULATI ON

. 26 PAI NTI NG AND FI NI SHI NG

.27 FACTORY | NSPECTI ON AND TESTS

PART 3 EXECUTI ON

1 EXAM NATI ON

.2 GENERAL | NSTALLATI ON

.3 Pl PI NG | NSTALLATI ON

3 Gener a

3 Supports

.1 Cei ling and Roof

.2 wall

Fl anged Joints

Cl eani ng

Pi pe Sl eeves

ELECTRI CAL | NSTALLATI ON

FI ELD PAI NTI NG

ONSI TE | NSPECTI ON AND TESTS

Test Conditions

.1 Dat a

2 Power Fact or

3 Contractor Supplied Itens

4 I nstruments

5 Sequence

Construction Tests

1 Pi pi ng Test

2 El ectrical Equi pment Tests

| nspections

Saf ety Run Tests

Per f or mance Tests

5.1 Cont i nuous Engi ne Load Run Test

5.2 Load Acceptance Test
Automatic Qperation Tests for Stand-Al one Operation

.7 ONSI TE TRAI NI NG

Wowwowwwo
R WWWN R
NN

WS www

PR RRR

NN

wWww
PRWRPOPWWRWWWWWOo

COONRWOOINDDDD D

SECTION 26 32 14.00 10 Page 3



3.8 FI NAL | NSPECTI ON AND TESTI NG
3.9 MANUFACTURER S FI ELD SERVI CE
3.10 I NSTRUCTI ONS
3.11 ACCEPTANCE

End of Section Table of Contents --

SECTION 26 32 14.00 10 Page 4



Rk Ik kb Sk R R IR R R I kI ARk Sk R R Rk I o b Sk kS R R Ik Sk b S R o

USACE / NAVFAC / AFCESA / NASA UFGS-26 32 14.00 10 (Cctober 2007)
Preparing Activity: USACE Super sedi ng
UFGS-26 32 14.00 10 (April 2006)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref erences are in agreenent with UVRL dated April 2009

EE R I R R R R I R I R I R R I R I R I R I R R I R I R R R R R I R

SECTION 26 32 14.00 10

DI ESEL- GENERATCR SET, STATI ONARY 15- 300 KW STANDBY APPLI CATI ONS
10/ 07

EE R R R R I I R R I I I R R R R S R R R I R I Rk I I I R O S O

NOTE: This guide specification covers the
requirenents for stationary diesel driven generator
sets in the 15 to 300 kilowatt capacity for standby
applications.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itenms, choose applicable itens(s) or
insert appropriate information

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

Conmment s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be submtted as
a Citeria Change Request (CCR

EE R R R R R I I R I R R R I R I I R I R I R R R I R R R S R I R I R

PART 1 GENERAL
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NOTE: This specification is for procurenent of

engi ne-generator sets which are suitable for serving
general purpose and conmerci al - grade | oads (| oads
whi ch may be served by an electric utility). These
are | oads which can endure or recover quickly from
transi ent voltage and frequency changes (as nuch as
30 percent transient voltage drop, and plus or mnus
5 percent frequency deviation, with recovery tine of
2 seconds). For applications where strict control

of voltage, frequency, and transient response is
requi red, provide uninterruptible power supplies or
utilize Section 26 32 15.00 10 DI ESEL- GENERATOR SET
STATI ONARY 100- 2500 KW W TH AUXI LI ARIES. This

SECTION 26 32 14.00 10 Page 5



specification is for procurenment of engine-generator
sets for standby, stand-al one applications. For
prime or parallel applications, incorporate the
appropriate paragraphs from Section 26 32 15.00 10.
Select the features and fill in blanks with val ues
appropriate for the design condition. This

speci ficati on does not apply to 400 Hz applications.
ER R IR R I R R R R I I I R R R R I I I R R R R I I R R R R R I I I R O S I I I I S S kI R I I O

1.1 REFERENCES

EE R I R R R R I R I R I R R I R I R I R I R R I R I R R R R R I R

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
this paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a RID outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Al so use the
Ref erence Wzard's Check Reference feature to update
the i ssue 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
references in the publish print process.

EE IR R I R R I I R R I I I R R R R S R R R I Rk I I R R I R O S

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.

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)

ANSI C39.1 (1981; R 1992) Requirenents for Electrica
Anal og I ndicating Instrunents

ASME | NTERNATI ONAL ( ASME)

ASME B16. 11 (2005) Forged Fittings, Socket-Wlding and
Thr eaded
ASME B16. 3 (2006) Mal I eable Iron Threaded Fittings,
Cl asses 150 and 300
ASME B16. 5 (2003) Standard for Pipe Flanges and
Fl anged Fittings: NPS 1/2 Through NPS 24
ASME B31.1 (2007; Addenda 2008) Power Pi pi ng
ASME BPVC SEC | X (2007; Addenda 2008) Boiler and Pressure

Vessel Code; Section I X, Wlding and
Brazing Qualifications

ASME BPVC SEC VIII D1 (2007; Addenda 2008) Boil er and Pressure

SECTION 26 32 14.00 10 Page 6



Vessel Code; Section VIII, Pressure
Vessel s Division 1 - Basic Coverage

ASSQOCI ATI ON OF EDI SON | LLUM NATI NG COVPANI ES ( AEI O)

AElI C CS8

(2000) Extruded Dielectric Shielded Power
Cabl es Rated 5 Through 46 kV

ASTM | NTERNATI ONAL ( ASTM

ASTM A 106/ A 106M

ASTM A 135/ A 135M

ASTM A 181/ A 181M

ASTM A 234/ A 234M

ASTM A 53/ A 53M

ASTM B 395/ B 395M

ASTM D 975

(2008) Standard Specification for Seanl ess
Carbon Steel Pipe for High-Tenperature
Service

(2006) Standard Specification for
El ectri c- Resi stance- Wl ded Steel Pipe

(2006) Standard Specification for Carbon
St eel Forgings, for General-Purpose Piping

(2007) Standard Specification for Piping
Fittings of Wought Carbon Steel and All oy
Steel for Moderate and Hi gh Tenperature
Servi ce

(2007) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Sean ess

(2008) Standard Specification for U Bend
Seaml ess Copper and Copper All oy Heat
Exchanger and Condenser Tubes

(2009) Standard Specification for Diesel
Fuel Qs

ELECTRI CAL GENERATI NG SYSTEMS ASSCCI ATl ON ( EGSA)

EGSA 101P
I NSTI TUTE OF ELECTRI CAL

| EEE C2

|EEE Std 1

| EEE Std 100

| EEE Std 120

| EEE Std 404

(1995) Engine Driven Generator Sets
AND ELECTRONI CS ENG NEERS (| EEE)

(2007; Errata 2007; |INT 2008) Nati onal
El ectrical Safety Code

(2000; R 2005) General Principles for
Tenperature Linits in the Rating of

El ectric Equi pmrent and for the Eval uation
of Electrical Insulation

(2000) The Authoritative Dictionary of
| EEE St andards Terns

(1989; R 2007) Master Test Cuide for
El ectrical Measurenents in Power Circuits

(2006) Extruded and Laminated Dielectric
Shi el ded Cabl e Joints Rated 2500 V Through
500 000 V

SECTION 26 32 14.00 10 Page 7



| EEE Std 48 (1996; R 2003) Test Procedures and
Requi rements for Alternating-Current Cable
Term nations 2.5 kV through 765 kV

| EEE Std 519 (1992; Errata 2004) Reconmended Practices
and Requirements for Harnmonic Control in
El ectrical Power Systens

| EEE Std 81 (1983) Guide for Measuring Earth
Resistivity, G ound | npedance, and Earth
Surface Potentials of a Ground System
(Part 1) Normal Measurenents

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

MBS SP-58 (2002) Standard for Pipe Hangers and
Supports - Materials, Design and
Manuf act ur e

MBS SP- 69 (2003; R 2004) Standard for Pipe Hangers
and Supports - Sel ection and Application

MBS SP- 80 (2008) Bronze CGate, d obe, Angle and Check
Val ves

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEVA AB 1 (2002) Mbl ded-Case Circuit Breakers,
Mol ded Case Switches, and Circuit-Breaker
Encl osur es

NEVA Cl12. 11 (2007) Instrunment Transforners for Revenue
Metering, 10 kV BIL through 350 kV BIL
(0.6 kV NSV through 69 kV NSV)

NEMVA | CS 2 (2000; Errata 2002; R 2005; Errata 2006)
Standard for Industrial Control and
Systens: Controllers, Contractors, and
Overl oad Rel ays Rated Not More than 2000
Volts AC or 750 Volts DC. Part 8 -
Di sconnect Devices for Use in Industrial
Control Equi prent

NEVA | CS 6 (1993; R 2006) Standard for Industrial
Control s and Systens Encl osures

NEVA MG 1 (2007; Errata 2008) Standard for Modtors
and Generators

NEVA PB 1 (2006; Errata 2008) Standard for
Panel boar ds

NEVA WC 74 (2006) Standard for 5-46 kV Shiel ded Power

Cable for use in the Transm ssion and
Distribution of Electric Energy

SECTION 26 32 14.00 10 Page 8
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1

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

NFPA 110

NFPA 30

NFPA 37

NFPA 70

NFPA 99

(2005) Standard for Emergency and Standby
Power Systens

(2007; Errata 2008) Fl anmabl e and
Conmbusti bl e Li qui ds Code

(2006) Installation and Use of Stationary
Conbusti on Engi nes and Gas Tur bi nes

(2007; AMD 1 2008) National Electrica
Code - 2008 Edition

(2005; Errata 2005) Health Care Facilities

SOCI ETY OF AUTOMOTI VE ENG NEERS | NTERNATI ONAL ( SAE)

SAE ARP892

SAE J537

(1965; R 1994) DC Starter-Generator, Engine

(2000) Storage Batteries

UNDERWRI TERS LABORATORI ES (UL)

UL 1236

UL 489

UL 891

(2006; Rev thru Feb 2009) Standard for
Safety Battery Chargers for Charging
Engi ne-Starter Batteries

(2002; Rev thru Mar 2009) Standard for
Mol ded- Case Circuit Breakers, Ml ded-Case
Swi tches and Circuit-Breaker Encl osures

(2005) Dead- Front Swi tchboards

2 SYSTEM DESCRI PTI ON

a. Provide and install each engi ne-generator set conplete and totally
functional, with all necessary ancillary equipnment to include air
filtration; starting system generator controls, protection, and

i sol ati on;

nstrunentation; lubrication; fuel system cooling system

and engi ne exhaust system Each engi ne generator set shall satisfy the
requi renents specified in the Engi ne Generator Paraneter Schedul e.

b. Provide each engi ne-generator set consisting of one engi ne, one
generator, and one exciter, nounted, assenbled, and aligned on one

base;

and all other necessary ancillary equi pment which may be nounted

separately. Sets shall be assenbled and attached to the base prior to
shi pping. Set conponents shall be environmentally suitable for the

| ocati ons shown and shall be the manufacturer's standard product
offered in catalogs for commercial or industrial use. Provide a
generator strip heater for noisture control when the generator is not
oper ati ng.

2.1 Engi ne- Gener at or Paraneter Schedul e

Rk Ik kR IR Rk ko o S S S S R R Rk R Rk kR R I I I R Ik b o b o

NOTE: \Where nultiple engine-generator sets of
different sizes or applications are to be provided,
a Paraneter Schedul e should be shown on the contract

SECTION 26 32 14.00 10 Page 9



drawi ngs (one for each engi ne-generator set to be
installed). |If only one engine-generator set is
provided (or multiples of the sanme type, size,
etc.), the schedule nay be in the body of the
specification. Note that the specifications refer
to the Engi ne Generator paraneter Schedul e and the
desi gner nust provide one each by that nane.

Power Ratings and Industry Term nology. The
following definitionis fromthe Electrica
Cenerating Systens Association Standard 101P, Engi ne
Driven Cenerating Sets. Stationary

di esel -engi ne-driven electric generator sets are
divided into the followi ng four rating categories:
EMERGENCY STANDBY, LIM TED RUNNI NG TI ME, PRI ME
POAER, and | NDUSTRI AL.

"EMERGENCY STANDBY RATI NG neans the power that the

generator set will deliver continuously under norna
varying load factors for the duration of a power
outage". It mnmust be understood that this definition

uses the term"nornmal varying |load conditions".

Most manufacturers use this term nology to indicate
that their units typically are not rated for

conti nuous operation at the naneplate rating, but
rather that the units provided are rated for

conti nuous operation at 70 to 80 percent of their
naneplate rating, with periodic |oading up to 100
percent of the naneplate rating for short (cyclical)
peri ods during a power outage. Additionally, the
desi gner nust anal yze the | oad characteristics and
profiles of the load to be served to deternine the
peak demand, maxi mum step | oad increase and
decrease, notor starting requirenents represented as
starting kVA, and the non-linear |oads to be

served. This information should be included in the
engi ne-generator set paraneter schedule or on the
drawi ngs for each different unit provided. For this
application service load is the peak estinated

| oading to be placed on the engi ne generator set.
Peak demand cal cul ation provides a figure from which
to determine the service | oad. Wen specifying a
genset be sure to specify what the peak load is and
how much is conti nuous.

Power Factor. Commercial genset power ratings are
usual |y based on 0.8 power factor. Select 0.8
unl ess the application requires one nore stringent.

Motor Starting Load. Motor starting requirenents
are inmportant to properly size engine generator sets
because the starting current for notors can be as
much as six times the running current, and can cause
generator output voltage and frequency to drop, even
t hough the genset has been sized to carry the
runni ng | oad. The designer nust anal yze the notor

| oads to determine if the starting characteristics
of a notor or a group of notors to be started

simul taneously will cause objectionabl e genset

SECTION 26 32 14.00 10 Page 10



performance. Provide a starting kVA value for the

| argest motor or conbination of notors to be started
simul taneously. An increase in the size rating of
the genset nay be necessary to conpensate for the
inrush current. This assists the genset supplier in
properly sizing the engi ne generator set.

Maxi mum Speed. The maxi num al | owabl e speed is 1800
RPM If there is no specific requirenent or user
requi renment for slower speed machi nes, select 1800
RPM

Heat Exchanger Type. Fin-tube exchangers

(radi ators) are the predom nate met hod of cooling.
Specify either a fin-tube or a shell-tube heater
exchanger for each engi ne-generator set. Heat
exchangers located renote fromthe engi ne-generator
set (i.e., not nounted on the engi ne-generator set
base) shall be shown on the project plans, including
the power source for associated fans and punps.

Governor. The type of governor to be used on each
engi ne generator set should be identified as

i sochronous or droop on the engi ne-generator set
paraneter schedule. |sochronous governors hold
frequency at the setpoint frequency (within

bandwi dth) for all steady state |loads fromO to 100
percent | oad and are required for applications where
severe denands are made on vol tage and frequency
regul ation. Droop governors allow frequency to
droop to the specified percentage proportional to
steady state loads fromO to 100 percent |oad and
are generally acceptable for general purpose and
conmer ci al applications.

Engi ne-generator sets in stand al one service
(isolated bus) nmay utilize either droop or

i sochronous governors. The designer should analyze
the application and | oads to determine if the nore
expensi ve i sochronous unit is actually required.
Droop units provide added stability (less engine
cycling) in single unit applications where constant
speeds are not critical and are | ess expensive than
i sochronous governors.

Frequency Bandw dth. Governor frequency bandw dth
defines the allowabl e steady state variation in
frequency and is typically quite small for
comrercially avail abl e governors (typically |ess
than + 0.4 percent with + 0.25 percent readily
avai l abl e). The predom nant type of device | oads
whi ch are susceptible to steady state frequency
devi ations less that + 0.4 percent are those which
enpl oy switching power supplies (conputers and
vari abl e frequency drives). The designer should
select the least restrictive value for bandw dth for
t he application.

Vol tage Regulators. Solid state regulators are

SECTION 26 32 14.00 10 Page 11



easily avail able which maintain the voltage |evel
(regul ation or voltage droop) to + 0.5 percent.

Vol tage regul ator bandwidth is inportant relative
primarily to transient response. EGSA Standard
100R- 1992 defines three performance classes for
voltage regul ators: standard (2 percent bandw dth);
high (1 percent bandwi dth); and precision (0.5
percent bandwi dth). Select the |least restrictive
bandwi dt h necessary to satisfy the application
requirenent.

Cenerator frequency, and voltage should be shown on
t he engi ne-generator set schedule. (For exanple:
60 Hz, 208Y/ 120 volts, 3-phase, 4-wire).

Subt ransi ent Reactance. The subtransi ent reactance
of a generator is the inpedance characteristic which
determnes current during the first cycle after a
system short circuit condition is presented to the
generator. Therefore, it is used to determine the
necessary interrupting capacity of the genset
circuit interrupting device. It alsois utilized to
predi ct generator response to non-linear | oads.

Typi cal values for generator subtransient reactance
are found in |EEE Std 141. Subtransient reactance
is specified in per unit of the generator rated

kVA. Al so, see the follow ng discussion on
non-|inear | oads.

Non-|inear Loads: Non-linear |oads are addressed in
| EEE Std 519. They are | oads that draw a
non- si nusoi dal current wave form when supplied by a
si nusoi dal vol tage source. Typical non-linear |oads
i nclude solid state sw tching power supplies,
conput er power supplies (including those found in
desktop PC's, uninterruptible power supplies,

vari abl e frequency drives, radar power supplies, and
solid state ballasts in florescent |ight fixtures.
They cause distortion of the source voltage and
current waveforns that can have harnful effects on
many types of electrical equipnment and el ectronics,

i ncludi ng generators. Non-linear |oads are simlar
to short circuits in that they provi de nonentary,
sub-cycl e-duration, short-circuiting of two phases.
Swi t chi ng power supplies consist of
SCR/thyristors-controlled rectifier bridges which
act as three single-phase | oads, each connected
across two phases of the power system \Wen the
SCR/thyristors are switched on and off a notch in
the voltage waveformwi |l occur as a result of an

i nst ant aneous phase- phase short-circuit during the
conmut ation of current. A |ow generator
subtransi ent reactance mnimzes the voltage
waveform di stortion in the presence of such | oads.
For this reason, when the non-linear |oads conprise
25 percent or nore of the |oads served, the

gener ator subtransient reactance should be limted
to nore than 0.12.

SECTION 26 32 14.00 10 Page 12



Cenerators are particularly vulnerable to control
probl enms and instability, excessive w nding heating,
neutral overheating, reduced efficiency, reduced
torque, shaft fatigue, accelerated aging, and

i nduced nechani cal oscillations when non-1inear

| oads are applied w thout careful consideration of
the generator's capability to supply them Measures
whi ch can be used to nitigate the effects of
non-|inear |oads on generators include: procurenent
of |l ow i npedance generators with special w ndlings
to conpensate for the additional heating;
installation of harnonic filter traps; avoidance of
sel f-excited generators; use of 2/3 pitch factor
(rather than 5/6 pitch) generator w ndlings; and
generator derating with oversized neutrals.

For large non-linear |loads, filter traps which are
tuned to the domi nant harnoni c frequencies of the
non-1|inear | oads should be procured/ provided with
the | oad conponent. This approach is normally |ess
costly than procurenent of specially designed or
der at ed generators.

For conbi nations of |inear and non-linear | oads
where the percentage of non-linear |oads is snal
relative to the capacity rating of the generator (25
percent or |ess), standard generator configurations
are nornal ly acceptabl e.

Provide a list of the non-linear loads in the
paraneter schedule either on the draw ngs (and
denoted on the single-line diagram or in tabular
formin the specification section. The list should
contain a description of the load including

equi pnment type, whether the rectifier is 6-pulse or
12-pul se, kVA rating, and frequency. Provide a
linear |oad value (kVA @PF) which represents the
maxi mum | i near | oad demand when non-1|i near | oads
will also be in use. The generator manufacturer
will be required to nmeet the total harnonic
distortion linmts established in | EEE Std 519.

Del ete the non-linear |oad paragraph when non-linear
| oads are not served fromthe engi ne-generator set.

Maxi mum St ep Load I ncrease. Maximum step | oad
increase is used to account for the addition of

bl ock |l oads. This affects engi ne-generator set
frequency and voltage output and usually initiate
governor and regul ator response. The change in

engi ne- generator set output and the response of the
governor and regul ator defines the transient |oading

response. |In the size range covered by this
specification (and for standby applications)
acquisition of full load in one step is typical for

maj or genset nmanufacturers (voltage deviation of 30
percent or |ess, frequency deviation of + 5 percent,
recovery time 3 to 5 seconds, typical). |If the
application requires a nore stringent response,
specify the actual maxi mum step |oad and add t he
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al | owabl e devi ations and recovery tines to the
Engi ne CGenerator Set Paraneter Schedule. If it is
critical enough to add these requirenents, also add
the Transient Response Test from Section

26 32 15.00 10 DI ESEL- GENERATOR SET STATI ONARY

100- 2500 KW W TH AUXI LI ARIES, to verify the results
inthe field. It should be noted that this adds
significant cost to the cost of a genset.

Transi ent Recovery Criteria (short tine duration).
CGenset response and recovery tinmes vary according to
the size of the set, the block |oad, and the
controls specified. Normal response to addition of
a block load will include dips in either output

vol tage or frequency or both and possible
"overshoot" as the governor and vol tage regul ator
respond to bring the voltage and frequency back

wi thin bandwi dth. Nornmal response to |ose of a

bl ock load will include an upward spi ke i n output

vol tage or frequency back w thin bandwi dth. The
Maxi mum Vol t age and Frequency deviation apply to
under vol t age/ under frequency ("dips") fromthe
additi on of block | oads and any undershoot resulting
fromthe recovery of an upward spi ke, as well as
overvol t age/ overfrequecy (upward spikes) fromthe

| oss of block | oads and any overshoot resulting from
the recovery of a dip.

Cost Inpact. |If stringent transient-response

requi renents are specified the nanufacturer nay

sel ect engi ne and generator nodels which have

nom nal rating nuch |arger than the service | oad;
may use an unnecessarily expensive governor; and nmay
use a higher inertia flywheel. The designer should
i nvestigate what may actually be provided so that
the cost estimate will be reasonably accurate and to
confirmthe selected transient requirenents are not
unnecessarily stringent. A nmaxi mum size for the
engi ne-generator set may be needed to avoid the
probl ens associated with a small |load on a | arge
capacity set.

The designer nmust determne the cost benefits of
provi ding an uninterruptible power system for
transient ride-through versus purchasing a generator
with stringent transient response requirenments. In
deternmning the all owabl e voltage and frequency
variation and recovery tinmes, analyze the effects on
equi prent performance and recovery. Consult the
NEMA utilization equi prent standards to deternine

t he maxi mum al | owabl e vol t age di ps/ overshoots
(excursions).

Maxi mum Vol t age Devi ati on. select 5 percent Maxi mum
Vol t age Devi ation option only if conmunication

equi prent or other sensitive el ectronic equi prent
are a critical part of the load, and there is no UPS
provided. Fluorescent lights can tolerate a nmaxi num
of 10 percent voltage variation. NEMA induction
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nmotors and control relays can tol erate a maxi mum of
10 percent variation, for 30 cycles and one cycle
respectively. Sol enoids (brakes, valves, clutches)
and ac & dc starter coils can tolerate a maxi mum of
m nus 30 percent variation, for 1/2 cycle, 2 cycles
(dropout), and 5 - 10 cycl es (dropout)

respectively. (The times listed in cycles are not
given to define the recovery tinme back to bandw dth,
but to assist the designer in defining the maxi num
al | owabl e voltage deviation.) The designer should
realistically assess the need for liniting the
transient voltage dip to |l ess than 30 percent.

Maxi mum Vol t age Devi ati on [5] [10] [30] [ ]
with Step Load | ncrease percent of rated
vol t age

Maxi mum Frequency Devi ation. Conputers can usually
tolerate only + 0.5 Hz variation, so an UPS is
normal Iy required where conputer service should not
be interrupted, or where systemrecovery tinmes are
critical. Inverters can tolerate + 2 Hz variation
NEMA i nduction notors and control relays can

tol erate a nmaxi num of 5 percent frequency
variation. (The times listed in cycles are not
given to define the recovery tinme back to bandw dth,
but to assist the designer in defining the maxi num
al | owabl e frequency deviation.) The designer nust
be realistic in assessing the needs of the facility
to be served so that unnecessarily stringent

requi renents are not specified.

Maxi mum Frequency Devi ati on [2.5] [5] [ ]
with Step Load | ncrease frequency.

Recovery Tinme Back to Bandwi dth. The desi gner
shoul d determnmine the required recovery time for the
| oads served. The recovery time to bandwi dth is not
critical to operation of nobst equiprment if the

vol tage and frequency do not deviate fromthe
critical limts, or if nonentary interruption is
acceptable to the | oads being served. The prinary

i mportance of this requirement is to ensure that the
engi ne generator set recovers and stabilizes after

| oad changes. Mbst engi ne generator sets can
respond to 100 percent bl ock | oads ;and return to
vol tage and frequency bandwi dths within 15 - 20
seconds, depending on the size of the nachi ne (RPM
relative mass of the rotating el enents, and anbi ent
condi tions).

Transi ent Recover Tine [ ] seconds
with Step Load | ncrease

(Vol t age) .

Transi ent Recovery Tine [ ] seconds

with Step Load | ncrease
(Frequency).
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Maxi mum St ep Load Decrease (w thout shutdown). An
engi ne generator set should be capabl e of being

unl oaded in a single step without tripping offline.
In these situations the voltage and frequency
transients are of no concern because there is no

| oad bei ng served.

Nom nal Step Load Decrease. Step |oad decrease is
used to account for dropping of block |oads. This
af fects engi ne-generator set frequency and voltage
out put and usually initiates governor and regul ator
response. The change in engi ne-generator set output
and the response of the governor and regul ator
defines the transient |oading response. Were the
| oad served may be sensitive to voltage and
frequency variation due to significant |oad
decrease, included the itens below in the Paraneter
Schedul e. The Nomi nal Step Load Decrease provided
t he genset nanufacturer with the information
necessary to set the governor response for |oad
decreases such that an overspeed (over-frequency)
condi tion does not occur. The cost of

engi ne-generator sets increase by |arge percentages
for smaller frequency and vol tage deviations from
bandwi dth and i nproved recovery times. Carefully
anal yze the user's need for restrictions on
frequency, voltage, and waveform characteristics.

If required add the following to the Engine
Generator Set Paraneter Schedul e and al so add the
Transi ent Response Test from Section 26 32 15.00 10
DI ESEL- GENERATOR SET STATI ONARY 100- 2500 KW W TH
AUXI LI ARIES to verify the results in the field.

Nom nal Step Load [25] [50] [75]

Decrease at [ ] PF percent of Service
Load

Transi ent Recovery Tine [ ] seconds

with Step Load Decrease

(Vol t age)

Transi ent Recovery Tinme [ ] seconds

with Step Load Decrease
(Frequency)

Maxi mum Vol t age Devi ati on [5] [10] [30]
with Step Load Decrease [ ] percent of
rated vol t age

Maxi mum Frequency Devi ati on [2.5] [5] [ ]
with Step | oad Decrease percent of rated
frequency

Maxi mum Tine to Start and Assume Load. Choose 10
seconds for energency-standby applications (critica
for life safety), NFPA 70 requires that standby

engi ne-generator sets used in emergency applications
start and assune load in 10 seconds. Mbst
comrercially avail abl e engi ne generator sets are
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capabl e of starting and assuning load within 10
seconds, however, a default value of 20 seconds is
non-restrictive and provi des a reasonabl e maxi mum
value for non-critical applications.

Tenperature Managenment. The designer is responsible
for tenperature control in the space occupied by the
engi ne generator set. However, because the genset
supplier normally provides the engi ne cooling system
(and bl ock heaters where required), the designer
nmust provi de anbi ent conditions under which the
engi ne generator nust operate, so that the supplier
can size the equipment. Typically, high tenperature
provi des the nost restrictive condition, therefore

t he desi gner must design air-flow of adequate
tenperature and sufficient quantity to maintain the
tenperature of the generator and engi ne space within
acceptable linmts. This requires the designer to
consult manufacturers literature and/or
representatives to determ ne the nom nal heat
rejection to the surroundings at rated capacity
(fromall heat sources) to deternmine the required
cooling or air flow through the engi ne generator set
roomor enclosure. In turn the nmanufacturer mnust
submit the specific operating data in order for the
Contracting O ficer and designers to verify that the
proposed equi prrent neets the design paraneters.

R IR I S bk O bk I S kI I I kS Rk S bk S ok S b S Rk S S bk b S S S S R S

ENG NE CENERATOR PARAMETER SCHEDULE

Servi ce Load [ ] [kVA] [kW
Power Fact or [0.8] [____ ] 1agging
Motor Starting kVA (maxi mun [ ] kVA

Maxi mum Speed 1800 rpm

Engi ne- Generat or Application
Engi ne Cool i ng Type

Heat Exchanger Type

[ Governor Type

Frequency Bandwi dth
percent steady state]

[ Gover nor Type

Frequency Regul ation (droop)
(No load to full |oad)

Frequency Bandwi dt h
percent (steady state)]

Vol t age Regul ation

st and- al one
wat er / et hyl ene gl ycol
[fin-tube] [shell-tube]

| sochr onous

+[___ ] [0.4] [0.25]
Dr oop

(031 [ ] percent max.)]
+[___ ] [0.4] [0.25]

+ 2 percent (max.)

SECTION 26 32 14.00 10 Page 17



1

(No load to full |oad)

Vol t age Bandwi dt h
(steady state)

Frequency

Vol t age

Phases

M ni mum Gener at or
React ance

Loads

Nonl i near

Max Step Load | ncrease
Service Load at | ] PF

Max Step Load Decrease (W o shut down)
at [___ 1 PF

Max Tinme to Start and be Ready to
Assume Load

Max Summer | ndoor Tenp
(Prior to Genset Qperation)

Mn Wnter |ndoor Tenp
(Prior to Genset Qperation)

Max Al | owabl e Heat Transferred
To Engi ne Generator Space at
Rat ed Qut put Capacity

Max Sunmmer CQut door
(Anbi ent)

Tenp

M n Wnter Cutdoor
(Anbi ent)

Tenp

Install ati on El evati on

2.2 Qut put Capacity

+ [0.5] [1] [2] percent

[50] [60] Hz

[ 3 Phase, We] [3 Phase,
Delta] [1 Phase]

percent Subtransient

degr ees

degr ees

VBTUH hr .

degr ees

degr ees

[ ] above sea |eve

EE R R I R R I R I R I R R I R I R I R I R R R I R R R I R R I R

NOTE:
shown on the Engi ne- Gener at or
The desi gner has control over

The service | oad for each genset should be
Par anet er
the service |oad. The

Schedul e.

Contractor through the supplier's
manuf act urer/ assenbl er has contr ol

and associated ancillary equi pnent | oads.

of the efficiency

EE R R I I R I I R I R R R I R I R I R I R R R I R I R R I R I R I R

Provi de each generator set whith power equa

to the sum of service | oad

plus the machine's efficiency |oss and associated ancillary equi pnent

| oads. Rated output capacity shal
oversizing required to nmeet requirenents in paragraph
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Par armet er Schedul e.
2.3 Power Rati ng
Standby ratings shall be in accordance with EGSA 101P

2.4 Engi ne CGenerator Set Enclosure

Rk Ik kb Sk R IR Rk kS kR R Ok R Rk kb R Rk Ik kb R R o

NOTE: |f the engine-generator set is to be
installed out-of-doors, include requirenent for the
weat her proof enclosure in the engi ne-generator set
schedul e. Define corrosion resistance and/or
material required for the environnent. Provide
structural |oading required for the geographic area
(wind | oads, snow | oads, etc.). A generator set
encl osure may al so be needed to mitigate excessive
noi se caused by the engi ne generator set nechanica
conmponents. Delete the reference to mechanica
noise limtations if an enclosure is not needed to
mtigate sound emissions. |f a sound enclosure is
not provided, the designer nust provide a design to
prevent excessive noise (neet OSHA requirenents.

Del ete this paragraph if no engi ne-generator set

encl osure i s needed.
EIR I R R I S I I I I I I I I I I R R S I I I I I I I I I I I I I I b I I I I I I I b I b b b I I b I b b I b I b I S b I b I b o

The engi ne generator set enclosure shall be corrosion resistant, fully

weat her resistant, contain all set conponents, and provide ventilation to
permt operation at rated | oad under secured conditions. Provide doors for
access to all controls and equi prent requiring periodic maintenance or
adjustrent. Provide renovabl e panels for access to conponents requiring
periodic replacement. The enclosure shall be capabl e of being renoved

wi t hout di sassenbly of the engi ne-generator set or renoval of conponents

ot her than exhaust system The encl osure shall reduce the noise of the
generator set to within the lints specified in the paragraph SOUND

LI M TATI ONS.

2.5 Vi bration Isolation

EE R I R R R R I R R I R R R R I R I I R R I R R R I I R S R R I R

NOTE: See UFC 3-450-02, Power Plant Acoustics, and
UFC 3-450-01, Noise and Vibration Control For
Mechani cal Equi pnent for vibration criteria. Choose
between a vibration-isolation system and the

manuf acturer's standard nounting. Vibration

i sol ation systens should be applied where vibration
transmtted through the generator set support
structure produces (either directly or by resonant
frequenci es of structural menbers) annoying or
damagi ng vibration in the surroundi ng environment.
Sel ect the manufacturer's standard or provide the
maxi mum al | owabl e vi bration force necessary to limt
the maxi mum vi bration. Delete the vibration
isolation requirement for applications where

vi brati on does not affect the floor or foundation
ER IR R R I S I I I I I I I I I I I R I I I I I I I I I I I I I I I b I I I I I b I b I b b I b I b I b I b I I I b I b I b o

The nmaxi mum engi ne-generator set vibration in the horizontal, vertical and
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1.

axial directions shall be limted to 0.15 nr 6 nils (peak-peak RVM5), with
an overall velocity limt of 24 mmi seconds 0.95 inches/seconds RM5, for all
speeds through 110 percent of rated speed. [Install a vibration-isolation
system between the floor and the base to linmt the maxi mum vibration
transmitted to the floor at all frequencies to a maxi num of |
force).] [The engi ne-generator set shall be provided with

vi bration-isolation in accordance with the manufacturer's standard
recomrendation.] Where the vibration-isolation system does not secure the
base to the structure floor or unit foundation, provide seismc restraints
in accordance with the seismc paraneters specified.

3 SUBM TTALS

Rk Ik kR IR R R I O o S S b R R Rk b ok b O R Ik kb Sk b R R o

NOTE: Review submittal 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. Submittals should be kept
to the minimumrequired for adequate quality control.

A “G following a subnittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G" if the submttal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the 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

Archi tect-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.

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

R IR I S bk S b kS O Rk S kS IR Sk S b R Rk S S bk b S Sk S S

CGovernment approval is required for subnmittals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .] [information only. Wen used, a designation followi ng the "G
designation identifies the office that will review the submttal for the
Government.] Submit the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
Detailed Drawings[; C[; G [___ 1]

Det ai | ed drawi ngs, as specified.
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Acceptance[; C[; G [____ 11

Dr awi ngs whi ch accurately depict the as-built configuration of
the installation, upon acceptance of the diesel-generator set
installation. Revise layout drawings to reflect the as-built
condi tions and submit themw th the as-built draw ngs.

SD- 03 Product Data
Manuf acturer's Catal og

Manuf acturer's standard catal og data describing and depicting
each engi ne-generator set and all ancillary equi pnment in
sufficient detail to denpnstrate specification conpliance.

Instructions[; C[; G |

Instructions including: the manufacturer's pre-start checkli st
and precautions; startup procedures for test node, nanual -start
node, and automatic-start node, (as applicable); running checks,
procedures, and precautions; and shutdown procedures, checks, and
precautions. |Instructions shall include procedures for
interrel ated equi pnent (such as heat recovery systens,
co-generation, |oad-shedding, and autonatic transfer sw tches).
Instructions shall be weatherproof, lamnated in plastic, framed,
and posted where directed. Posted data shall include wring and
control diagrans showi ng the key nechanical and electrical contro
el ements, and a diagrammtic |ayout of the system

Experi ence

St atement show ng that each conponent nanufacturer has a nini mum
of 3 years experience in the manufacture, assenbly and sal e of
conponents used with stationary diesel-engine generator sets for
commercial and industrial use. The engi ne-generator set
manuf act urer/assenbl er has a mi ni mum of 3 years experience in the
manuf acture, assenbly and sal e of stationary diese
engi ne-generator sets for commercial and industrial use.

Fi el d Engi neer

Aletter listing the qualifications, schools, formal training,
and experience of the field engineer

Site Wl ding

Aletter listing the welder qualifying procedures for each
wel der, conplete with supporting data such as test procedures
used, what was tested to, and a list of the nanes of all welders
and their qualifications synmbols.
General Installation

A conpl ete copy of the manufacturer's installation procedures.
A detail ed description of the manufacturer's recomended break-in
procedure.

Site Visit
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A site visit letter stating the date the site was visited and
listing discrepancies found.

SD- 05 Design Data
Sound Limtations[; C[; G [___ 11
Sound power |evel data for the packaged unit operating at 100
percent load in a free field environnent. The data should
denonstrate conpliance with the sound limtation requirenents of
this specification.

Gener at or

Each generator KWrating and short circuit capacity (both
symretric and asymetric).

Integral Main Fuel Storage Tank
Day Tank

Cal cul ations for the capacity of each day tank, including
al | owances for recirculated fuel, usable tank capacity, and
duration of fuel supply.
Power Fact or

CGenerator capability curve showi ng generator kVA output (kWyvs.
kvar) for both | eading and |aggi ng power factors ranging fromO to
1.0.
Heat Exchanger

Manuf acturers data to quantify heat rejected to the space with
the engi ne generator set at rated capacity.

Ti me- Del ay on Al arns

The magni t ude of nonitored val ues which define alarmor action
setpoints, and the tolerance (plus and/or mnus) at which the
device activates the alarmor action.

Cool i ng System

a. The maxi nrum and nini mum al | owabl e inl et tenperatures of the
[coolant fluid][cooling air].

b. The maxi num al | owabl e tenperature rise in the [coolant fluid
t hrough the engine][cooling air across the engine].

c. The mininumallowable inlet fuel tenperature.
Vi bration Isolation

Vi bration isolation system performance data for the range of
frequenci es generated by the engi ne-generator set during operation
fromno load to full |load and the maxi mumvi bration transmtted to

the floor. Description of seismc qualification of the
engi ne- generator nounting, base, and vibration isolation
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SD-06 Test Reports
Per f ormrance Tests

Cal cul ations of the engi ne and generator output power
capability, including efficiency and parasitic |oad data.

Onsite Inspection and Tests[; C[; G [

a. Aletter giving notice of the proposed dates of all onsite
i nspections and tests at |east [14] [ ] days prior to
begi nni ng tests.

b. A detailed description of the Contractor's proposed
procedures for onsite tests including the test including the test
plan and a listing of equipnent necessary to performthe tests.
Submi ssion shall be at least | ] days prior to beginning tests.

c. [Six] [___] copies of the onsite test data described bel ow
in 216 by 279 mm 8-1/2 by 11 inch 3-ring binders with a separate
section for each test. Sections shall be separated by dividers
with tabs. Data plots shall be full size 216 by 279 nm 8-1/2 by
11 inches minimunm), showing all grid lines, with full resolution

(1) A description of the procedures for onsite tests.

(2) A list of equipnent used, with calibration certifications.

(3) A copy of neasurenments taken, with required plots and
gr aphs.

(4) The date of testing.

(5) The paraneters verified.

(6) The condition specified for the paraneter

(7) The test results, signed and dated.

(8) A description of all adjustnents made.

SD-07 Certificates

Vi bration |solation

Torsional analysis including prototype testing or cal cul ations
which certify and denonstrate that no damagi ng or dangerous
torsional vibrations will occur when the prinme nover is connected
to the generator, at synchronous speeds, plus/mnus 10 percent.

Prototype Tests

Manufacturer's standard certification that prototype tests were
performed for the generator nodel proposed.

Reliability and Durability

Docunent ati on which cites engi nes and generators in simlar
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service to denonstrate conpliance with the requirements of this
specification. Certification does not exclude annua

t echnol ogi cal inprovenents nade by a manufacturer in the basic
standard nodel set on which experience was obtai ned, provided
parts interchangeability has not been substantially affected and
the current standard nodel neets all the performance requirenents
of this specification. For each different set, 2 like sets shal
have performed satisfactorily in a stationary power application

i ndependent and separate fromthe physical |ocation of the
manufacturer's and assenbler's facilities, for a mnimmof 2
consecutive years without any failure to start, including periodic
exercise. The certification shall state that for the set proposed
to meet this specification, there were no failures resulting in
downtinme for repairs in excess of 72 hours or any failure due to
overheating during 2 consecutive years of service. Like sets are
of the sane nodel, speed, bore, stroke, nunber and configuration
of cylinders, and output power rating. Like generators are of the
sanme nodel, speed, pitch, cooling, exciter, voltage regul ator and
out put power rating. A list shall be provided with the name of
the installations, conpletion dates, and nane and tel ephone numnber
of a point of contact.

Em ssi ons

A certification fromthe engi ne manufacturer stating that the
engi ne exhaust emi ssions neet federal, state, and | oca
regul ations and restrictions specified. At a minimm this
certification shall include em ssion factors for criteria
pol lutants including nitrogen oxi des, carbon nonoxide, particul ate
matter, sulfur dioxide, non-nethane hydrocarbon, and for hazardous
air pollutants (HAPS).

Sound limtations

A certification fromthe manufacturer stating that the sound
em ssi ons neet the specification

Current Bal ance

Manufacturer's certification that the flywheel has been
statically and dynamically bal anced and i s capabl e of being
rotated at 125 percent of rated speed wi thout vibration or damage.

Mat eri al s and Equi pnent

A letter certifying that where materials or equi pnent are
specified to conply with requirements of UL, or other standards,
written proof of such conpliance has been obtained. The |abel or
listing of the specified agency, or a witten certificate from an
approved, nationally recognized testing organization equi pped to
perform such services, stating that the items have been tested and
conformto the requirenents and testing nmethods of the specified
agency are acceptable as proof.

Factory I nspection and Tests
A certification that each engi ne generator set passed the

factory tests and inspections and a list of the test and
i nspecti ons.
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I nspections

A letter certifying that all facilities are conplete and
functional, that each systemis fully functional, and that each
item of equi pnent is conplete, free from damage, adjusted, and
ready for beneficial use.
Cool i ng System

Certification that the engi ne-generator set and cooling system
function properly in the anbient tenperatures specified.

4  QUALI TY ASSURANCE
4.1 Conformance to Codes and Standards
Where equi pnent is specified to conformto requirenents of any code or

standard such as UL, the design, fabrication and installation shall conform
to the code.

.4.2 Site Wl ding

Wl d structural nmenbers in accordance with Section 05 05 23 WELDI NG
STRUCTURAL. For all other welding, qualify procedures and welders in
accordance with ASVE BPVC SEC | X. Welding procedures qualified by others,
and wel ders and wel ding operators qualified by a previously qualified

enpl oyer nay be accepted as pernmitted by ASVE B31.1. Welder qualification
tests shall be perforned for each wel der whose qualifications are not in
conpliance with the referenced standards. Notify the Contracting O ficer
24 hours in advance of qualification tests. The qualification tests shal
be perforned at the work site if practical. The welder or wel ding operator
shal | apply the assigned personal symbol near each weld nade as a pernanent
record

. 4.3 Experi ence

Each conponent manufacturer shall have a m ni mum of 3 years experience in
the manuf acture, assenbly and sale of conponents used with stationary

di esel engi ne-generator sets for comrercial and industrial use. The

engi ne-generator set manufacture/assenbler shall have a m nimumof 3 years
experience in the manufacture, assenbly and sale of stationary diese

engi ne-generator sets for commercial and industrial use.

4.4 Fi el d Engi neer

The engi ne-generator set manufacturer or assenbler shall furnish a
qualified field engineer to supervise the conplete installation of the
engi ne-generator set, assist in the perfornmance of the onsite tests, and
instruct personnel as to the operational and mai ntenance features of the
equi prrent. The field engineer shall have attended the engi ne-generat or
manuf acturer's training courses on installation and operation and

mai nt enance for engi ne generator sets.

4.5 Sei sm ¢ Requirenents

khkkhkhhkkhhhdhdhdhhhddhhddhhdhhddhhddhhddhdhddhdhddhdddhddhddhddhddhhddhddhddrhrdrdrddrrdrxdx*x

NOTE: Provide seismic requirenents, if a Governnent
designer (either Corps office or AAE) is the
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1.

Engi neer of Record, and show on the draw ngs.

Del ete the bracketed phrase if no seismic details
are provided. Pertinent portions of UFC 3-310-04
and Sections 13 48 00, 13 48 00.00 10, and

26 05 48.00 10, properly edited, nust be included in
the contract docunents.

EE R R R R I I R R I I I R R R I R I S S R R R I I Rk I I R R O R I O

Seism c requirenents shall be in accordance with UFC 3-310-04 SEISM C
DESI GN FOR BUI LDI NGS and Sections 13 48 00 SEl SM C PROTECTI ON FOR
M SCELLANEQUS EQUI PMENT, 13 48 00.00 10 SEI SM C PROTECTI ON FOR MECHANI CAL
EQUI PMENT and 26 05 48.00 10 SEI SM C PROTECTI ON FOR ELECTRI CAL EQUI PMENT
[as shown on the draw ngs].
4.6 Det ai | ed Dr awi ngs
Subnit detail ed drawi ngs showi ng the foll ow ng:

a. Base-nounted equi pnent, conplete with base and attachnents

i ncl udi ng anchor bolt tenplate and reconmended cl earances for

mai nt enance and operation

b. Starting system

c. Fuel system

d. Cooling system

e. Exhaust system

f. Electric wiring of relays, breakers, programuable controllers, and
swi tches including single line and wiring diagrans.

g. Lubrication system including piping, punps, strainers, filters,
[ heat exchangers for lube oil and turbocharger cooling,] [electric
heater,] controls and wring.

h. Location, type, and description of vibration isolation devices.

i. The safety system including wiring schematics.

j. One-line schematic and wiring diagrans of the generator, exciter,
regul ator, governor, and all instrumentation

k. Panel |ayouts.

. Mounting and support for each panel and nmjor piece of electrica
equi pnent .

m  Engi ne-generator set rigging points and lifting instructions.
5 DELI VERY, STORAGE AND HANDLI NG
Properly protect materials and equi pnent in accordance with the
manuf act urers recomrended storage procedures, before, during, and after
installation. Protect stored itens fromthe weather and contam nation

During installation, piping and simlar openings shall be capped to keep
out dirt and other foreign matter
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6 MAI NTENANCE SERVI CE

Submit the operation and mai nt enance manual s and have them approved prior
to comencing onsite tests.

.6.1 Qperation Manua

Provide [three] [__ ] copies of the [manufacturers standard operation
manual | [operation manual in 216 by 279 mr 8-1/2 by 11 inch three-ring

bi nders]. Sections shall be separated by heavy plastic dividers with tabs
which identify the material in the section. Draw ngs shall be fol ded bl ue
lines, with the title block visible, and placed in 216 by 279 mr 8-1/2 by
11 inch plastic pockets with reinforced holes. The nmanual shall include:

a. Step-by-step procedures for system startup, operation, and shutdown;

b. Drawi ngs, diagrans, and single-line schematics to illustrate and
define the electrical, nechanical, and hydraulic systens with their
controls, alarms, and safety systens;

nclude [automatic transfer switches] [fire al arnf suppression systens]

c. Procedures for interface and interaction with related systens to
[
[l oad sheddi ng systens] [uninterruptible power supplies] [__ ].

.6.2 Mai nt enance Manua

Provide [three] [__ ] copies of the [manufacturers standard mai ntenance
manual | [ mai nt enance manual containing the information described below in
216 x 279 nmr 8-1/2 x 11 inch three-ring binders]. Each section shall be
separated by a heavy plastic divider with tabs. Draw ngs shall be fol ded,
with the title block visible, and placed in plastic pockets with reinforced
hol es. The manual shall incl ude:

a. |[Procedures for each routine maintenance item] [Procedures for
troubl eshooting.] [Factory-service, take-down overhaul, and repair
service manuals, with parts lists.]

b. The manufacturer's recomended mai nt enance schedul e.

c. A conponent list which includes the manufacturer's name, address,
type or style, nodel or serial nunber, rating, and catal og nunber for
the maj or conmponents listed in paragraph GENERAL REQUI REMENTS.

d. A list of spare parts for each piece of equi pnent and a conplete
list of materials and supplies needed for operation.

.6.3 Extra Materials

Provide two sets of special tools and two sets of filters required for

mai nt enance. Special tools are those that only the nanufacturer provides,
for special purposes, or to reach otherw se inaccessible parts. One
handset shall be provided for each el ectronic governor when required to

i ndi cate and/ or change governor response settings. Supply two conplete
sets of filters in a suitable storage box in addition to filters replaced
after testing.
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PART 2 PRODUCTS

2.

1 NAMVEPLATES
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NOTE: Del ete any equi prment not applicable to the
proj ect.
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Each maj or conponent of this specification shall have the manufacturer's
nane, type or style, nodel or serial nunber, and rating nunber on a plate
secured to the equipment. As a mninmum naneplates shall be provided for
Engi nes; Rel ays; CGenerators; Day tanks; Transformers (CT & PT); Regul ators;
Punps and punp notors; Governors; Generator Breaker; Econom zers; Heat
exchangers (other than base-nounted).

Engi nes Rel ays
CGenerators Day tanks
Transformers (CT & PT) Regul at or s
Punps and punp notors Gover nors
Gener at or Breaker Economi zers

Heat exchangers (other than base-nmount ed)

Where the foll owi ng equi pnent is provided as a standard conponent by the
di esel -engi ne generator set manufacturer, the naneplate information nmay be
provided in the maintenance manual in |lieu of namepl ates.

Battery charger Heaters
Exhaust nufflers Exciters
Swi t chgear Si | encers
Battery

.2 SAFETY DEVI CES

Exposed noving parts, parts that produce high operating tenperatures, parts
which nay be electrically energized, and parts that nmay be a hazard to
operating personnel during nornal operation shall be insulated, fully

encl osed, guarded, or fitted with other types of safety devices. The
safety devices shall be installed so that proper operation of the equipnent
is not inmnpaired.

.3 MATERI ALS AND EQUI PMENT

Material s and equi prent shall be as specified.

. 3.1 Circuit Breakers, Low Voltage

NEVA AB 1 and UL 489.

. 3.2 Filter Elenents (Fuel-o0il, Lubricating-oil, and Conbustion-air)

Manuf acturer's standard.
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2.

3.3 I nstrunent Transforners

NEMVA C12. 11.

. 3.4 Pi pe (Fuel/Lube-oil, Conpressed-Air, Coolant and Exhaust)

ASTM A 53/ A 53N, ASTM A 106/ A 106N or ASTM A 135/ A 135N, steel pipe. Pipe
smal l er than 50 my 2 inches shall be Schedule 80. Pipe 50 mr 2 inches and
| arger shall be Schedul e 40.

.3.5 Pi pe Flanges and Fittings

a. Pipe Flanges and Flanged Fittings: ASTM A 181/ A 181N, C ass 60, or
ASMVE B16.5, Grade 1, dass 150.

b. Pipe Wlding Fittings: ASTM A 234/ A 234N, G ade WPB or WPC, C ass
150, or ASME B16. 11, 1360.7 kg 3000 Ib

c. Threaded Fittings: ASME B16.3, Cass 150.
d. Valves: MsSS SP-80, O ass 150.

e. Gaskets: Manufacturers Standard.

.3.6 Pi pe Hangers

VMBS SP-58 and MSS SP-69.

.3.7 El ectrical Encl osures

.3.7.1 CGener a

NEMA | CS 6.

.3.7.2 Panel boar ds

NEMA PB 1.

.3.8 El ectric Mdtors

El ectric notors shall conformto the requirenents of NEVMA MG 1. Mdtors
shal | have seal ed ball bearings, a naxi rum speed of 1800 rpm and integra
automati c or manual reset thernmal overload protectors. Mtors used indoors
shal | have drip proof franes; those used outside shall be totally

encl osed. AC notors larger than 373 W 1/2 Hp shall be of the squirrel cage
i nduction type for standard voltage of [[200][230][460][560] volts, 60

Hz] [[240][380] volts, 50 Hz] three phase power. AC notors 373 W 1/2 Hp or
smal l er, shall be for standard voltage [[115][230] volts, 60 Hz,]
[[110][220][240] volts, 50 Hz,] single phase power.

.3.9 Mot or Controllers

Mot or controllers and starters shall conformto the requirenments of NFPA 70
and NEMVA | CS 2.

4 ENG NE
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NOTE: Specify fuel type if different from No. 2
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Each engi ne shall operate on No. 2-D diesel confornmng to ASTM D 975, shal
be designed for stationary applications and shall be conplete with
ancilliaries. The engine shall be a standard producti on nodel described in
the manufacturer's catal og. The engine shall be naturally aspirated,
scavenged, supercharged or turbocharged. The engine shall be two- or
four-stroke-cycle and conpression-ignition type. The engine shall be
vertical inline, V-, or opposed-piston type, with a solid cast block or

i ndividually cast cylinders. The engine shall have a nmi ni mum of two
cylinders. Opposed-piston type engines shall have no | ess than four
cylinders. Each block shall have a coolant drain port. Each engine shal
be equi pped with an overspeed sensor.

.5 FUEL SYSTEM

The fuel system for each engi ne generator set shall conformto the
requirements of NFPA 30 and NFPA 37 and contain the follow ng el ements.

.5.1 Punmps
.5.1.1 Mai n Punp

Each engi ne shall be provided with an engi ne driven punp. The punp shal
supply fuel at a minimumrate sufficient to provide the anmount of fue
required to neet the performance indicated within the paraneter schedul e.
The fuel flowrate shall be based on neeting the | oad requirenents and all
necessary recirculation

.5.1.2 Auxi liary Fuel Punp
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NOTE: The auxiliary fuel punp is required to
support the nain punp if the length of pipe fromthe
day tank to the main punp is greater than the val ue
recomended by the engi ne nanufacturer. This value
may be approximately 12m (40 feet); however, engine
manuf acturers should be consulted during design to
verify the punping requirenents.
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Auxiliary fuel punps shall be provided to maintain the required engi ne fue
pressure, either required by the installation or indicated on the

drawi ngs. The auxiliary punp shall be driven by a dc electric notor
powered by the starting/station batteries. The auxiliary punp shall be
automatically actuated by a pressure detecting device.

.5.2 Filter

A mnimum of one full flow fuel filter shall be provided for each engine.
The filter shall be readily accessible and capabl e of being changed wi t hout
di sconnecting the piping or disturbing other conponents. The filter shal
have inlet and outl et connections plainly narked.

.5.3 Rel i ef / Bypass Val ve

A relief/bypass valve shall be provided to regulate pressure in the fue
supply line, return excess fuel to a return line, and prevent the buil d-up
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2.

of excessive pressure in the fuel system

5.4 Integral Main Fuel Storage Tank
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NOTE: Delete this paragraph if an integral main
fuel storage tank is not desired.

An integral main fuel storage tank will be the only
fuel source for the engine. These tanks may be
useful for applications that require a niniml fue
storage capacity.

Due to the ninimal storage capacity, integral main
fuel storage tanks are not practical for prime power
usage. They are also not practical for standby units
that require large fuel quantities. The designer
shoul d consider the availability and antici pated
frequency of fuel truck deliveries when deciding
whet her or not to use an integral main fuel storage
tank. These tanks should al so not be used in

| ocations where a truck fueling hose can not reach
the di esel generator set.

See NFPA 99 and NFPA 110 for guidance on fuel tank
si zes.

See NFPA 37 restrictions on allowable tank sizes and
enclosures. Integral tanks allow for 1 to 8 hours
of operation dependi ng on di esel generator size and
configuration. Consult generator set nanufacturer
for the proper hours of operation for the
application of integral tanks. Standby applications
for use with fire punps will have tanks sized for 8
hours duration. The tank can be sized by the
designer or the Contractor. The size of the tank
shoul d be based on a fuel flowrate that is equal to
the value of a typical engine manufacturer for the

i ndi cated engi ne generator size. A value of 200
percent of the expected fuel consunption of the
engine is not unusual for the flowrate of the nmain
fuel punp. Since the excess fuel will be returned
to the tank, the designer should consider the inpact
of heat buildup when sizing the tank. |If a fuel oi
cooler is not used, the day tank size may need to be
increased to properly dissipate the heat absorbed by
t he fuel
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Each engi ne shall be provided with an integral main fuel tank

shal |l be factory installed and provided as an integral
generator manufacturer's product. Each tank shall be provided with

connections for fuel supply line, fuel return line, |ocal fue
gauge, vent line, and float switch assenbly. A fuel return line cooler
shal | be provided as recommended by the manufacturer and assenbl er.
tenmperature of the fuel returning to the tank shall be below the flash

poi nt of the fuel

Each tank

fill

part of the diesel

port,

The

Each engi ne-generator set provided wth weat her proof

encl osures shall have its tank nmounted within the enclosure. The fuel fill

i ne shal

be accessi bl e without opening the encl osure.

SECTION 26 32 14.00 10 Page 31



2

2.

.5.4.1 Capacity

Each tank shall have capacity [as shown] [to supply fuel to the engine for
an uninterrupted [4-hour]| ] period] at 100 percent rated | oad wi thout
being refilled.

.5.4.2 Local Fuel Fil

Each | ocal fuel fill port on the day tank shall be provided with a screw on
cap.

.5.4.3 Fuel Level Controls

Each tank shall have a float-switch assenbly to performthe follow ng
functions:

a. Activate the "Low Fuel Level" alarmat 70 percent of the rated tank
capacity.

b. Activate the "Overfill Fuel Level" alarmat 95 percent of the rated
tank capacity.

.5.4.4 Arrangenent

Integral tanks may allow gravity flowinto the engine. Gavity flow tanks
and any tank that allows a fuel |evel above the fuel injectors shall be
provided with an internal or external factory installed valve |ocated as
near as possible to the shell of the tank. The valve shall close when the
engine is not operating. Integral day tanks shall be provided with any
necessary punps to supply fuel to the engine as reconmended by the
generator set manufacturer. The fuel supply line fromthe tank to the
manuf acturer's standard engi ne connection shall be wel ded pi pe.

5.5 Day Tank
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NOTE: Delete this paragraph if an integral min
fuel storage tank is used.

See NFPA 37 restrictions on allowabl e day tank sizes
and encl osures. Select either self-supporting or
integral day tank. Select the first option bel ow
for applications where fuel is returned to the day
tank. Select the second option bel ow for
applications where fuel is returned to the nain
tank. Integral day tanks allow for 1 to 8 hours of
operation. Consult generator set manufacturer for

t he proper hours of operation for the application of
i ntegral day tanks. Standby applications for use
with fire punps will have day tanks sized for 8
hours duration. Select day tank capacity for either
prime or standby application. The day tank can be
sized by the designer or the Contractor. The size
of the day tank shoul d be based on a fuel flowrate
that is equal to the value of a typical engine

manuf acturer for the indicated engi ne generator
size. A value of 200 percent of the expected fue
consunption of the engine is not unusual for the
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flowrate of the main fuel punp. The excess fuel
may be returned to the day tank or main fuel tank
The designer should al so consider the inpact of heat
build up when sizing the day tank. If a fuel oi
cooler is not used or if fuel is returned to the day
tank, the day tank size nay need to be increased to
properly dissipate the heat absorbed by the fuel
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Each engi ne shall be provided with [a separate sel f-supporting][integral]
day tank. [Each day tank shall be provided with connections for fue
supply line, fuel return line, fuel overflow line, local fuel fill port,
gauge, vent line, drain line, and float switch assenbly for control. A
fuel return line cooler shall be provided as recommended by the

manuf acturer and assenbler. The tenperature of the fuel returning to the
day tank shall be below the flash point of the fuel. A tenperature sensing
device shall be installed in the fuel supply line.] [Each day tank shal
be provided with connections for fuel supply line, fuel overflow Iline,

| ocal fuel fill port, gauge, vent line, drain line, and float switch
assenbly for control.] Each engine-generator set provided with
weat her proof encl osures shall have its day tank nmounted within the

encl osure. The fuel fill line shall be accessible w thout opening the
encl osure.

.5.5.1 Capacity, Standby

Each day tank shall have capacity [as shown] [to supply fuel to the engine
for an uninterrupted [4-hour] [__ ] period at 100 percent rated | oad

wi thout being refilled, plus any fuel which may be returned to the nain
fuel storage tank. The calculation of the capacity of each day tank shal
incorporate the requirenent to stop the supply of fuel into the day tank at
90 percent of the ultimte volune of the tank.]

.5.5.2 Drai n Li ne

Each day tank drain line shall be accessible and equi pped with a shutoff
valve. Self supporting day tanks shall be arranged to allow drainage into a
305 mr 12 inch tall bucket.

.5.5.3 Local Fuel Fil

Each local fuel fill port on the day tank shall be provided with a screw on
cap.

.5.5.4 Fuel Level Controls

Each day tank shall have a float-switch-assenbly to performthe follow ng
functions:

a. [Wen the main storage tank is |ocated higher than the day tank,
open the sol enoid valve |located on the fuel supply line entering the
day tank and start the supply of fuel into the day tank] [Start the
supply of fuel into the day tank] when the fuel level is at the "Low'
| evel mark, 75 of the rated tank capacity.

b. [Wen the main storage tank is |ocated higher than the day tank,
stop the supply of fuel into the day tank and cl ose the sol enoid val ve
| ocated on the fuel supply line entering the day tank] [Stop the
supply of fuel into the day tank] when the fuel level is at 90 percent
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of the rated tank capacity.

c. Activate the "Overfill Fuel Level" alarmat 95 percent of the rated
tank vol une.

d. Activate the "Low Fuel Level" alarmat 70 percent of the rated tank
Capaci ty.

e. Activate the automatic fuel supply shut-off valve |ocated on the
fill line of the day tank and shut down the fuel punp which supplies
fuel to the day tank at 95 percent of the rated tank volume. The flow
of fuel shall be stopped before any fuel can be forced into the fue
overfl ow |ine.

2.5.5.5 Arr angenment
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NOTE: Sel ect between integral and self supporting
day tanks. Also, select between applications where
the main fuel storage tank is | ocated above the day
tank and applications where the main fuel storage
tank is |located below the day tank. The |ocation of
all tanks, piping, and valves should al so be

i ndi cated on the draw ngs.
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[Integral day tanks may allow gravity flow into the engine. Gavity flow
tanks shall be provided with an internal or external valve |located as near
as possible to the shell of the tank. The valve shall close when the
engine is not operating. Integral day tanks shall be provided with any
necessary punps to supply fuel to the engine as reconmended by the
generator set manufacturer. The overflow connection and the fuel supply
line for integral day tanks which do not rely upon gravity flow shall be
arranged so that the highest possible fuel level is belowthe fue
injectors.] [Self-supporting day tank shall either be arranged so that the
fuel level in the day tank renai ns above the suction port of the engine
driven fuel punp or be provided with a transfer punp to provide fuel to the
engi ne driven punp. The overflow connection and fuel supply line shall be
arranged so that the highest possible fuel level is belowthe fue
injectors.] [Wen the main fuel storage tanks are |ocated bel ow t he day
tank, a check valve shall be provided in the fuel supply line entering the
day tank.] [Wen the nain fuel storage tanks are |ocated above the day
tank, a sol enoid valve shall be installed in the fuel supply line entering
the day tank. The sol enoid valve shall be in addition to the automatic
fuel shut off valve.]The fuel supply line fromthe day tank to the

manuf acturer's standard engi ne connection shall be wel ded pi pe.

2.5.6 Fuel Supply System
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NOTE: Delete this paragraph if an integral min
fuel storage tank is used.
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The fuel supply fromthe nain storage of fuel to the day tank shall be as
specified in Section 33 56 10 FACTORY- FABRI CATED FUEL STORAGE TANKS
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6 LUBRI CATI ON

Each engi ne shall have a separate |ube-o0il systemconformng to NFPA 30 and
NFPA 37. Each systemshall be pressurized by engine-driven oil punps.

Each system shall be furnished with a relief valve for oil pressure

regul ation (for closed systens) and a dip-stick for oil Ilevel indications.
The crankcase shall be vented in accordance with the manufacturer's
recomrendati on except that it shall not be vented to the engi ne exhaust
system Crankcase breathers, if provided on engines installed in buildings
or encl osures, shall be piped to vent to the outside. The systemshall be
readi |y accessible for service such as draining, refilling, etc. Each
system shall permit addition of oil and have oil-level indication with the
set operating. The systemshall utilize an oil cooler as recommended by
the engi ne manuf acturer.

.6.1 Filter

One full-flow filter shall be provided for each punp. The filter shall be
readi | y accessi bl e and capabl e of being changed w t hout disconnecting the
pi ping or disturbing other components. The filter shall have inlet and
outl et connections plainly nmarked.

.6.2 Lube-O | Sensors

Each engi ne shall be equi pped with |lube-oil pressure sensors. Pressure
sensors shall be | ocated downstream of the filters and provide signals for
required indication and al arns.

T COOLI NG SYSTEM
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NOTE: Coordi nate with paragraph SYSTEM DESCRI PTI ON
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Each engi ne cooling systemshall operate automatically while the engine is
running. Each cooling systemshall be sized for the maxi num sumrer
[outdoor] [indoor] design tenperature and site elevation. Wter-cooled
system cool ant shall use a conbination of water and ethyl ene-glyco
sufficient for freeze protection at the m ni mum w nter outdoor tenperature
specified. The maxi mumtenperature rise of the cool ant across the engine
shall be no nore than that recomended and submitted in accordance with
par agr aph SUBM TTALS

.7.1 Cool ant Punps

Cool ant punps shall be the centrifugal type. Each engine shall have an
engi ne-driven prinmary punp. Secondary punps shall be electric notor driven
and have automatic controllers.

.7.2 Heat Exchanger

Each heat exchanger shall be of a size and capacity to limt the nmaxinum
al l owabl e tenperature rise in the coolant across the engine to that
recomended and subnmitted in accordance w th paragraph SUBM TTALS for the
maxi mum sumrer out door design tenperature and site el evation. Each heat
exchanger shall be corrosion resistant, suitable for service in anbient
conditions of application.
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2.7.2.1 Fi n- Tube- Type Heat Exchanger (Radi ator)
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NOTE: Keep this paragraph and del ete the next
paragraph, if required by the project.
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Heat exchanger may be factory coated with corrosive resistant film

provi ding that corrosion neasures are taken to restore the heat rejection
capability of the radiator to the initial design requirenent via

oversi zing, or other conpensating nethods. |Internal surfaces shall be
conpatible with liquid fluid coolant used. Materials and cool ant are

subj ect to approval by the Contracting Officer. Heat exchangers shall be
pressure type incorporating a pressure valve, vacuumvalve and a cap. Caps
shal | be designed for pressure relief prior to renmoval. Each heat
exchanger and the entire cooling systemshall be capable of w thstanding a
m ni mum pressure of 48 kPa gauge 7 psi. Each heat exchanger shall be
protected with a strong grille or screen guard. Each heat exchanger shal
have at | east two tapped holes. One tapped hole in the heat exchanger
shal | be equi pped with a drain cock, the rest shall be plugged.

2.7.2.2 Shell and U Tube Type Heat Exchanger
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NOTE: Keep this paragraph and del ete paragraph

above, if required by the project.
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Heat exchanger shall be multiple pass shell and U-tube type. Exchanger
shal |l operate with |ow tenperature water in the shell and high tenperature
water in the tubes. Exchangers shall be constructed in accordance wth
ASME BPVC SEC VI D1 and certified ASME stanp secured to the unit. U tube
bundl es shall be conpletely renovable for cleaning and tube replacenent and
shall be free to expand with the shell. Shells shall be constructed of
seanm ess steel pipe or welded steel. Tubes shall be cupronickel or
inhibited admralty, constructed in accordance with ASTM B 395/ B 395N
suitable for the tenperature and pressure specified. Tubes shall be not
less than 19 nm 3/4 inch unless otherwi se indicated. Shell side and tube
side shall be designed for 1.03 kPa 150 psi working pressure and factory
tested at 2.06 kPa 300 psi. Hi gh and | ow tenperature water and pressure
relief connections shall be l|ocated in accordance with the manufacturers
standard practice. Water connections larger than 76 mr 3 inches shall be
ASME O ass 150 flanged. Water pressure loss through clean tubes shall be
as reconmended by the engi ne manufacturer. M nimum water vel ocity through
tubes shall be 300 nr 1 foot per second and assure turbulent flow. One or
nore pressure relief valves shall be provided for each heat exchanger in
accordance with ASME BPVC SEC VI D1. The aggregate relieving capacity of
the relief valves shall be not less than that required by the above code.

Di scharge fromthe valves shall be installed as indicated. The relief

val ves shall be installed on the heat exchanger shell. A drain connection
with 19 mr 3/4 inch hose bib shall be installed at the | owest point in the
system near the heat exchanger. Additional drain connection with threaded
cap or plug shall be installed wherever required for thorough draining of
the system

2.7.3 Expansi on Tank
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NOTE: Delete this paragraph if a shell and U-tube
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type heat exchanger is not needed.
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The cooling systemshall include an air expansion tank which will
acconmpdat e t he expanded water of the system generated within the nornal
operating tenperature range, limting the pressure increase at al
conmponents in the systemto the maxi mum al |l owabl e pressure at those
components. The tank shall be suitable for an operating tenperature of 121
degrees C 250 degrees F and a working pressure of 0.86 MPa 125 psi. The
tank shall be constructed of welded steel, tested and stanped in accordance
with ASME BPVC SEC VIII D1 for the stated working pressure. A bl adder type
tank shall not be used. The tank shall be supported by steel |egs or bases
for vertical installation or steel saddles for horizontal installation

.7.4 Duct wor k

Ductwork shall be as specified in Section [ ] except that a flexible
connection shall be used to connect the duct to the diesel engine

radiator. Material for the connection shall be wire-reinforced glass. The
connection shall be rendered practically airtight.

. 7.5 Tenper ature Sensors

Each engi ne shall be equi pped with cool ant tenperature sensors.
Tenperature sensors shall provide signals for pre-high and high indication
and al arms.

8 SQUND LI M TATI ONS

EE R I R I R R I R I R I R R I R I I R I R I R R R I R I R R R I R

NOTE: The designer nust performan analysis in
accordance with UFC 3-450-01 NO SE AND VI BRATI ON
CONTRCL and UFC 3-450-02 POAER PLANT ACOQUSTI CS. The
desi gner nust consider air intake, exhaust, and

di esel generator casing noise. The designer mnust

al so coordinate with the architect for proper
material selections for the sound transnittance
characteristics of the nmechani cal equi prent room and
adj acent areas. The designer should consider sound
wi thin the equi pnent room adjacent areas and

buil ding exterior. Acceptable sound |evels wll
vary depending on the function of the space. As a
nm ni rum t he design should conply with the foll ow ng
OSHA safety requirenments; however, nore stringent
sound restrictions may be required to net the
functional requirenents of the occupi ed spaces.

Frequency Band Maxi mum Accept abl e
(Hz) Sound Level
(Deci bel s)
| ndustri al
Resi denti al

20-75 87
81

75-150 77
71

150- 300 70
64
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300- 600 64

58

600- 1, 200 61
55

1, 200- 2, 400 60
54

2,400-4, 800 60
54

4,800-10 kHz 62
56

Typically, the diesel generator nmanufacturer can
provi de informati on concerning the noi se generated
by the diesel generator in a free field

environnent. The manufacturer does not have contro
over any other building paraneters or additiona
mechani cal equi pnment noi se. Therefore the designer
shoul d indicate the required sound limts for each
of the indicated octave bands for the sound pressure
| evel of the diesel generator set operating at 100
percent load in a free field. The designer should
devel op these nunbers based on the desired sound

| evel s that should exist at various locations after
the generator is installed. This information should
be based on the values used in the acoustica

anal ysis and verified by coordination w th equi pnent
manuf acturers during design. In some cases, a sound
attenuat ed encl osure nmay be needed to achi eve the
desired result.

The designer should al so indicate the desired sound
pressure levels that will be neasured in the field.
The pressure |evels should be based on the
acoustical anal ysis and shoul d consi der the
specified operating conditions of the diese
generator operating in a free field, other
nmechani cal equi prent, the building' s sound
absorption characteristics, OSHA requirenents, and
the building' s functional requirements. The

| ocation of the neasurenent points for the installed
di esel generator should be coordinated with the
SAFETY RUN TEST paragraph. Modify the radial

di stance requirenment fromthe engine, air-intake,
and exhaust to account for obstructions, variations
in site conditions, building configurations or

i ndi cate points on the contract draw ngs at which
neasurenents are to be nade

EE R R I I R R R I R R R R R I R I R I R I R R R I I R R S R R I R I

The noi se generated by the diesel generator set operating at 100 percent

| oad shal

not exceed the follow ng sound pressure levels in any of the

i ndi cated frequencies when neasured in a free field at a radial distance of
7 neters 22.9 feet at 45 degrees apart in all directions.

Frequency Band Maxi mum Accept abl e
(Hz) Pressure Leve
(Deci bel s)
31 [ 1
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Frequency Band Maxi mum Accept abl e

(Hz) Pressure Leve
( Deci bel s)
63 [ 1]
125 [ 1]
250 [ 1]
500 [ 1
1, 000 [ 1
2,000 [ ]
4,000 [ 1]
8, 000 [ 1]

The noi se generated by the installed diesel generator set operating at 100
percent | oad shall not exceed the follow ng sound pressure |levels in any of
the indicated frequenci es when neasured at a distance of [22.9] [__ ] m
[75) [ ] feet fromthe end of the exhaust and air intake piping
directly along the path of intake and di scharge for horizontal piping; or
at a radius of [22.9] [10.7] [___ ] m[75] [35]) [___ ] feet fromthe
engi ne at 45 degrees apart in all directions for vertical piping.

Fr equency Band Maxi mum Accept abl e
(Hz) Pressure Leve
(Deci bel s)
31 [ ]
63 [ ]
125 [ ]
250 [ ]
500 [ ]
1, 000 [ 1]
2,000 [ ]
4,000 [ ]
8, 000 [ ]

2.9 Al R | NTAKE EQUI PMENT

Filters and silencers shall be provided in |locations that are conveni ent
for servicing. The silencer shall be of the high-frequency filter type,
|ocated in the air intake system as recommended by the engine

manuf acturer. Silencer shall be capable of reducing the noise level at the
air intake to a point bel ow the nmaxi num acceptable | evels specified in

par agraph SOUND LI M TATIONS. A conbined filter-silencer unit neeting
requirenents for the separate filter and silencer items may be provided.
Expansi on el enents in air-intake lines shall be [copper][rubber].

2.10 EXHAUST SYSTEM

EE R R I R R I R R R I I O R R R R R Sk S R Rk R I Rk S I I R R O

NOTE: Include on the drawings a detail of the
exhaust piping that penetrates buil ding construction
such as walls or roof.

EE R I R R I R I R I R R R I R I R I R I R R R R R R S R R I R

The system shall be separate and conplete for each engine. Piping shall be
supported so as to mnimze vibration. Were a V-type engine is provided,
a V-type connector with necessary flexible sections and hardware shal
connect the engi ne exhaust outlets.
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2.10.1 Fl exi bl e Sections and Expansi on Joints

A flexible section at each engi ne and an expansion joint at each nuffler
shal |l be provided. Flexible sections and expansion joints shall have

fl anged connections. Flexible sections shall be nade of convol uted

seanm ess tube without joints or packing. Expansion joints shall be the
bel lows type. Expansion and flexible elenments shall be stainless stee
sui tabl e for diesel-engi ne exhaust gas at the maxi mum exhaust tenperature
that is specified by the engine manufacturer. Expansion and flexible

el ements shall be capabl e of absorbing vibration fromthe engine and
conpensation for thermal expansion and contraction

2.10.2 Exhaust Muffl er

Rk Ik kR IR Rk Ik I o S S S S R AR I R R R kR Rk Sk kS I kb S S A R

NOTE: Muffler locations and nountings shall be
shown on the draw ngs.

EE R I R I I R I I R R I R R R R I R I R I R I R R R I R R R S R R I R

A chanber type exhaust muffler shall be provided. The nuffler shall be
constructed of wel ded steel and designed for [outside] [inside] [vertical]
[horizontal] nounting. Eyebolts, lugs, flanges, or other itens shall be
provi ded as necessary for support in the location and position indicated.
Pressure drop through the nuffler shall not exceed the recomendati ons of
the engi ne manufacturer. Qutside mufflers shall be zinc coated or painted
with high tenperature 204 degrees C 400 degrees F resisting paint. The
muf f 1 er and exhaust piping together shall reduce the noise level to less
than the maxi mum acceptable level listed for sound Iimtations in paragraph
SOUND LI M TATIONS. The nuffler shall have a drain valve, nipple, and cap
at the |l owpoint of the nmuffler.

2.10.3 Exhaust Pi pi ng

R IR I S bk O bk I S kS I Sk kS Rk S bk S bk S b S R R Sk b S S Sk kS S S

NOTE: Exhaust piping shall be sized at a gas
velocity of |less than 25.4 nisecond (5000 fpm.
Pi pi ng should be shown on the draw ngs.

Rk Ik Sk kR IR Rk Ik I S o S kR Rk S R Rk Sk ko kR Ik S kb

Hori zontal sections of exhaust piping shall be sloped downward away from
the engine to a condensate trap and drain valve. Changes in direction
shal |l be | ong-radius. Exhaust piping, nufflers and silencers installed
inside any building shall be insulated in accordance with paragraph THERMAL
| NSULATI ON and covered to protect personnel. Vertical exhaust piping shal
be provided with a hinged, gravity operated, self-closing, rain cover.

2.11 EM SSI ONS

EE R R I R R I R R R I I O R R R R R Sk S R Rk R I Rk S I I R R O

NOTE: The designer will coordi nate enissions
requirenents with the installation (base/post)
environnental office and provide a listing of the
requirenents. The identification of environnental
requi renents should be identified at the beginning
of the project as a special study effort which
requi res funding separate fromthe normal design

khkkhkhhkkhhhdhdhdhhhddhhddhhdhhddhhddhhddhdhddhdhddhdddhddhddhddhddhhddhddhddrhrdrdrddrrdrxdx*x

The finished installation shall conply with Federal, state, and |oca

SECTION 26 32 14.00 10 Page 40



regul ations and restrictions regarding the limts of em ssions, as listed
herein: [__ ]

2.12 STARTI NG SYSTEM

EE R R R R R I R R R R I R I R I R I R R R I R R S R R I R

NOTE: Select the first option for energency
applications and del ete subsequent paragraphs.
Sel ect second option for all other standby
applications.

EE R R I R R I R I R I R R I R I R I R I R R R I R R R I R R I R

[ The starting system for standby engi ne generator sets used in energency
applications shall be in accordance with NFPA 99 and NFPA 110 and as
follows.] [The starting system for engi ne generator sets used in

non- energency applications shall be as follows.]

2.12.1 Controls

An engine control switch shall be provided with functions including:
run/start (rmanual), off/reset, and automatic node. Start-stop |ogic shal

be provided for adjustable cycle cranking and cool down operation. The

| ogic shall be arranged for [nmanual starting] [and] [fully autonatic
starting in accordance w th paragraph AUTOVATI C ENG NE- GENERATOR SET SYSTEM
OPERATION]. Electrical starting systens shall be provided with an
adjustable cranking limt device to limt cranking periods from21l second up
to the maxi num durati on.

2.12.2 Capacity

The starting systemshall be of sufficient capacity, at the maxi num
[outdoor][indoor] sumer tenperature specified to crank the engi ne wthout
damage or overheating. The system shall be capable of providing a m ninum
of three cranking periods with 15-second intervals between cranks. Each
cranking period shall have a maxi mum duration of 15 seconds.

2.12.3 Functi onal Requirenents

Starting systemshall be manufacturers recomended dc systemutilizing a
negative circuit ground. Starting notors shall be in accordance with
SAE ARP892.

2.12. 4 Battery

Rk bk b R IR Rk I kS S o S R AR I R R Rk Ik kR Sk I R SRRk b o b o

NOTE: Sel ect nickel -cadm um when the battery
tenperature cannot be naintai ned above minus 6
degrees C (22 degrees F).

EE R R I R R I R R R I I O R R R R R Sk S R Rk R I Rk S I I R R O

A starting battery system shall be provided and shall include the battery,
battery rack, intercell connectors, and spacers. The battery shall be in
accordance with SAE J537. Critical system conponents (rack, protection
etc.) shall be sized to withstand the seisnic acceleration forces
specified. The battery shall be [|ead-acid][nickel-cadmum type, with
sufficient capacity, at the mninmum[outdoor][indoor] wi nter tenperature
specified to provide the specified cranking periods. Valve-regul ated

| ead-acid batteries are not acceptabl e.

SECTION 26 32 14.00 10 Page 41



2.12.5 Battery Charger

A current-limting battery charger, conformng to UL 1236, shall be

provi ded and shall automatically recharge the batteries. The charger shal
be capabl e of an equalize charging rate for recharging fully depleted
batteries within [24]] ] hours and a float charge rate for nmintaining
the batteries in prinme starting condition. An anmeter shall be provided to
indicate charging rate. A timer shall be provided for the equalize
charging rate setting. A battery is considered to be fully depleted when
the output voltage falls to a value which will not operate the engine
generator set and its conmponents.

2.12.6 Starting Aids

Rk Ik kR IR Rk Ik I o S S S S R AR I R R R kR Rk Sk kS I kb S S A R

NOTE: Jacket cool ant heaters are nornally provided
for nost applications to aid starting. Sone

manuf acturers may require gl ow plugs for conbustion
air tenperatures significantly bel ow O degrees C (32
degrees F); however, use if these al one do not
ensure NFPA availability in the application size
range. Consult manufacturers for availability in
the application size range.

EE R I R R R R I R I R R R R R I R I R I R I R R R I R R S R R R S R L

The manufacturer shall provide one or nore of the follow ng nmethods to
assi st engine starting.

2.12.6.1 d ow Pl ugs

G ow plugs shall be designed to provide sufficient heat for conbustion of
fuel within the cylinders to guarantee starting at an anbi ent tenperature of
-32 degrees C -25 degrees F.

2.12.6.2 Jacket - Cool ant Heaters

A thernostatically controlled electric heater shall be nounted in the
engi ne cool ant jacketing to automatically maintain the coolant within plus
or minus 3 degrees of the control temperature. The heater shall operate

i ndependent |y of engine operation so that starting tines are mininzed.
The control tenperature shall be the tenperature recomended by the engi ne
manufacturer to neet the starting tine specified.

2.13 GOVERNCOR

R IR I S bk S b kS O Rk S kS IR Sk S b R Rk S S bk b S Sk S S

NOTE: Coordi nate with paragraph Engi ne Generat or
Par anet er Schedul e.

EE R R I R R I R R R I I O R R R R R Sk S R Rk R I Rk S I I R R O

Each engi ne shall be provided with a governor which nmaintains the frequency
within a bandwi dth of the rated frequency, over a steady-state |oad range
of zero to 100 percent of rated output capacity. The governor shall be
configured for safe manual adjustment of the speed/frequency during
operation of the engine generator set, w thout special tools, from90 to
110 percent of the rated speed/frequency, over a steady state |oad range of
zero to 100 percent of rated capacity. [Ilsochronous governors shal

mai ntain the mdpoint of the frequency bandw dth at the same val ue for
steady-state | oads over the range of zero to 100 percent of rated output
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2.

capacity.] [Droop governors shall nmaintain the m dpoint of the frequency
bandwi dth linearly for steady-state |oads over the range of zero to 100
percent of rated output capacity, with 3 perent droop.]

14 GENERATOR

EE R R R R I I R R I I I R R R I R I S S R R R I I Rk I I R R O R I O

NOTE: Armature and field wi nding insulation classes
are specified based on the allowabl e tenperature
rise (the tenperature in the w ndings above the
tenperature of the air used to cool the w ndings).
See NEMA MG 1 for a discussion of the classes with
respect to size range, elevation, nethod of

nmeasur enent, and anbi ent tenperature. Select the
class insulation for each application based on
operating conditions. Class F is considered

i ndustry standard. |If a different class is required
for different nachines, specify the one for each
application in the paranmeter schedule for the

respective generator set.
B R R R R R R

Each generator shall be of the synchronous type, one or two bearing,
conformng to NEVA MG 1, equi pped with winding term nal housings in
accordance with NEVMA MG 1, equipped with an anortisseur wi nding, and
directly connected to the engine. |Insulation shall be [Class H[CO ass F].
Gener ator design shall protect against nmechanical, electrical and thernal
damage due to vibration, 25 percent overspeeds, or voltages and
tenmperatures at a rated output capacity of 100 percent. GCenerator
ancillary equi pnment shall neet the short circuit requirenents of NEVA MG 1.
Frames shall be the drip-proof type

.14.1 Current Bal ance

At 100 percent rated |oad, and | oad i npedance equal for each of the three
phases, the pernissible current difference between any two phases shall not
exceed 2 percent of the largest current on either of the two phases.

.14.2 Vol t age Bal ance

At any bal anced | oad between 75 and 100 percent of rated |oad, the
difference in line-to-neutral voltage anong the three phases shall not
exceed 1 percent of the average line-to-neutral voltage. For a

si ngl e-phase | oad condition, consisting of 25 percent |oad at unity power
factor placed between any phase and neutral with no |l oad on the other two
phases, the maxi mum si nmul taneous difference in line-to-neutral voltage

bet ween the phases shall not exceed 3 percent of rated line to neutra

vol tage. The singl e-phase | oad requirenent shall be valid utilizing nornal
exciter and regulator control. The interpretation of the 25 percent | oad
for single phase | oad conditions means 25 percent of rated current at rated
phase vol tage and unity power factor.

.14.3 Wavef or m

The deviation factor of the line-to-line voltage at zero | oad and at

bal anced full rated |oad at 0.8 power factor shall not exceed 10 percent.
The RMS of all harnonics shall be less than 5.0 percent and that of any one
harnmonic less than 3.0 percent at full rated | oad. Each engi ne-generator
shal | be designed and configured to neet the total harnonic distortion
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2.

limts of |EEE Std 5109.

.15 EXCl TER

The generator exciter shall be of the brushless type. Sem conductor
rectifiers shall have a mninmumsafety factor of 300 percent for peak

i nverse voltage and forward current ratings for all operating conditions,
including 110 percent generator output at 40 degrees C 104 degrees F
ambient. The exciter and regulator in conbination shall naintain
generator-output voltage within the limts specified.

.16  VOLTAGE REGULATOR

Each generator shall be provided with a solid-state voltage regul ator,
separate fromthe exciter. The regulator shall nmaintain the voltage within
a bandwi dth of the rated voltage, over a steady-state |oad range of zero to
100 percent of rated output capacity. Regulator shall be configured for
saf e manual adj ustnent of the engi ne generator voltage output w thout
special tools, during operation from90 to 110 percent of the rated voltage
over the steady state |oad range of zero to 100 percent of rated out put
capacity. Regulation drift shall not exceed plus or mnus 0.5 percent for
an anbi ent tenperature change of 20 degrees C 36 degrees F. The voltage
regul ator shall have a nmaxi mnum droop of 2 percent of rated voltage over a

| oad range fromO to 100 percent of rated output capacity and automatically
mai ntai n the generator output voltage within the specified operationa
bandwi dt h.

17 GENERATOR PROTECTI ON

EE R I R I R R I R I R I R R I R I I R I R I R R R I R I R R R I R

NOTE: Cenerator protection shall be based on the
application and size of the generator and shoul d
comply with the reconmendati ons of |EEE Std 242 and
| EEE Std 446 for both generator breaker features and
protection schenes. See AFMAN 32- 1077 for
recomended protection schenes for Air Force
projects. The designer must performa power system
coordi nation study (reference UFC 3-520-01) to
specify the breaker ratings, breaker trip unit
features and settings, relay protection schene, and
relay settings for coordination for each generator
set installed. The configuration should always

i ncl ude a di sconnecting nmeans for taking cl earance
on the generator for maintenance purposes. If the
scope of protection is small the designer may el ect
to delete the paragraphs in this section and
reference Section 26 28 01.00 10 COORDI NATED POVER
SYSTEM PROTECTI ON.  Show panel board ratings on the
contract drawi ngs for each generator set. Rating

i nformati on shoul d i nclude vol tage, phase, bus
conti nuous capacity (anperes), bus withstand
capacity (anperes) (see NEMA PB 1 for necessary
rating information). Show breaker frane, trip, and
interrupting ratings on the contract draw ngs.

Surge capacitors and surge arresters should be

provi ded when the sets are to be connected to
exposed overhead lines directly or through
transforners, even though connection nmay be only for
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transfer of |load wi thout service interruption.

Surge arrester protection is not required where sets
serve single buildings isolated fromoverhead Iines
by automatic or manual transfer sw tches where

provi sion has been nade to prevent simnultaneous
connection to both sources. The designer will
specify the surge arrester rating.

Fuse and circuit breaker ratings should be shown on
the contract drawi ngs. Show voltage, phase,
continuous current (anpere), short circuit

wi t hstand, interrupting, neutral size, etc.

EE R R R R I R R R I I O R R R R I S R Rk I I R I I R R O R O

Short circuit and overload protection for the generator shall be provided.
The generator circuit breaker (IEEE Device 52) ratings shall be consistent
with the generator rated voltage and frequency, wth continuous, short
circuit and interrupting current ratings to match the generator capacity.
The manufacturer shall deternine the short circuit current interrupting
rating of the breaker. The breaker shall be engi ne generator base nounted
by the engi ne-generator set nmanufacturer. WMl ded case breakers shall be
provided with shunt trip. Surge protection shall be provided for each
phase of the generator, to be nounted at the generator term nals.

2.17.1 Panel boar ds

Panel boards shall be netal -encl osed, general purpose, [3-phase, 4-wire],

[1- phase, 3-wire], [600]]__ ] volt rated, with neutral bus and continuous
ground bus, confornming to NEMA PB 1 and UL 891. Neutral bus and ground bus
capacity shall be [as shown][full capacity]. Enclosure designs
construction, materials and coatings shall be [as indicated][suitable for
the application and environnent]. Bus continuous current rating shall be
[at |l east equal to the generator rating and correspond to UL listed current
ratings specified for panel boards and swi tchboards][as indicated]. Current
withstand rating (short circuit rating) shall nmatch the generator

capacity. Buses shall be copper

2.17.2 Devi ces

Switches, circuit breakers, sw tchgear, fuses, relays, and other protective
devi ces shall be as specified in Section 26 28 01. 00 10 COORDI NATED POWER
SYSTEM PROTECTI ON

2.18 SAFETY SYSTEM

Devi ces, wiring, renote panels, |ocal panels, etc., shall be provided and
installed as a conplete systemto automatically activate the appropriate
signals and initiate the appropriate actions. The safety systemshall be
provided with a self-test nethod to verify its operability. Al armsignals
shal I have manual acknow edgenment and reset devices. The al arm signa
systens shall reactivate for new signals after acknow edgment is given to
any signal. The systens shall be configured so that |oss of any nonitoring
device shall be dealt with as an alarmon that system el enent.

2.18.1 Audi bl e Si gna

khkkhkhhkkhhhdhdhdhhhddhhddhhdhhddhhddhhddhdhddhdhddhdddhddhddhddhddhhddhddhddrhrdrdrddrrdrxdx*x

NOTE: High dB levels are required for alarns
| ocat ed near engine. Specify over 100 dB for engine
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room application and show al arm | ocation

Rk R Sk kR IR Rk I kS S S S S I ARk Ik kS R R Rk S O R Rk Ik kb S I R b o

The audi bl e alarm signal shall sound at a frequency of [70] |

vol unme of |

_____ ] [75] dB at 3.1 m 10 feet. The sound shall be

continuously activated upon alarmand sil enced upon acknow edgnent. Signa
devi ces shall be | ocated as shown.

2.18.2 Vi sual Al arm Si gha

The vi sua
normal |y of

to continuously |ight upon acknow edgenent.

the display shall maintain activated status to indicate the cause of

al arm si gnal shall be a panel light. The light shal

be

f, activated to be blinking upon alarm The |ight shall change

| f automati ¢ shutdown occurs,

failure and shall not be reset until cause of alarm has been cl eared and/ or
restored to normal condition. Shutdown alarns shall be red; al

al arnms sha

| be anber.

2.18.3 Al arnms and Action Logic

2.18.3.1 Shut down

Si nul t aneous activation of the audible signal
signal, stopping the engine,

breakers shall be acconplished

2.18.3.2 Pr obl em

Activation

of the visual signal shall be acconplished

2.18. 4 Local Al arm Pane

ot her

activation of the visua
and opening the generator nmain circuit

Rk Ik kR IR Rk I kI AR Sk R R R R o b Sk R IRk I S b S b

NOTE: The designer nmust provide design features in
accordance with the requirenments of NFPA 70, NFPA 99
for medical facilities. The designer mnust provide
design features in accordance with the requirenments
of NFPA 70 and NFPA 110 for emergency and standby
applications. For energency and standby
applications select either Level 1 or Level 2.

Level 1 defines the nost stringent equi pment
performance requirenents for applications where the
failure of the equipnment to performcould result in
| oss of human life or serious injury. Level 2
defines equi prent performance where failure of the
equi pnent to operate is less critical to human

life. Edit the table to include all required
shutdowns and alarns. Delete optional alarns which
are not required. Delete all columms except the
first colum, the appropriate code reference col um,
and the columm that shows Corps of Engineers
required alarns/controls. Add necessary paraneters
to define critical limts for alarns or shutdown.

The designer should renove all references to day
tanks if integral main fuel tanks are used.

The desi gner should renove all references to
integral main fuel storage tanks if day tanks are
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used.

The following alarnms are standard offerings of one
or nore manufacturers (Kohler, Caterpillar, Cunmns
- Onan, Detroit Diesel). They are not required by
NFPA, but may be added if there is a specific

requi renent. Please note that sonme are not
typically offered by three or nore manufacturers,
and may constitute a sol e-source requiremnent.

Devi ce/ Condi ti on/ Acti on/ Locati on/ No. of Manufacturers
Functi on Functi on O fering
Low Cool ant Level SD/ CP VA 3
Overvol tage Protection SD/CP VA O 3

Shut down
Under f r equency SD/ CP VA 1
Under vol t age SD/ CP VA 1
Magneti ¢ Pickup Failure SD/ CP VA 1
Over current SD/ CP VA 1
Short Circuit SD/ CP VA 1
Auxiliary Fault Al arm CP VA 1
Audi bl e Al arm CP AA 1
Over current CP VA 1
O | Pressure Sender Fault CP VA 1
Weak Battery CP VA 1

Rk Ik kR IR Rk I kb S O I ARk Ik Ik b o R R R R Rk kb S I kb S R I R

A local alarm panel shall be provided with the followi ng shutdown and al arm
functions [as indicated] [in accordance with NFPA [99] [110 level [1] [2]]
and including the listed Corps of Engineers requirenents, nmounted either on
or adjacent to the engi ne generator set.

Devi ce/ VWhat / Wher e/ Si ze NFPA 99 NFPA 110 NFPA 110 Cor ps of
Condi ti on/ Level 1 Level 2 Engrs
Functi on Requi r ed
Shut downs
W Al ar ns
Hi gh engi ne Aut omat i c/ SDYCP VA SD)CP VA  SD/ICP VA SD VA
t enperature j acket
wat er/
cyl i nder
Low | ube-oi | Aut omati c/ SOYCP VA SD/CP VA  SD/CP VA SD VA
pressure pressure/
| evel
Over speed (110% (+ 2% SOYCP VA SDICP VA  SD/CP VA SD VA
shut down $ of rated
alarm speed
Over crank Aut omati c/ SOYCP VA SD/CP VA  SD/CP VA
failure Failure to
to start to start
Ai r shut down When used SOYCP VA  SD/CP VA
danper
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Devi ce/ What / Wher e/ Si ze NFPA 99 NFPA 110
Condi tion/ Level 1
Functi on
(200- 600kW
Day tank Aut omat i ¢/ Day
overfill Tank/ Level
[imt
i ndication &
transfer punp
shut down
(95 percent vol une)
Red energency Manual Switch SO/ CP VA
stop switch
Failure to Cor ps of Engrs.
crank Requi r ed
[ Day tank] Cor ps of Engrs.
[Integral Main Requi r ed
Fuel Tank]
| ow fuel
[imt Devicel
Condi tion/
i ndi cation
(70 percent vol une
remai ni ng)
Al ar s
Low | ube-oi | Pressure/ CP VA CP VA
pressure | evel
Low fuel Mai n t ank, VA AA CP VA
| evel 3 hours
remai ni ng
Hi gh fuel Integral Main
| evel Fuel Storage
Tank
95 percent Vol une
Low cool ant Jacket water CP/ VA CP VA
Pr e- hi gh Jacket water/ CP VA CP VA
t enperature cyl i nder
Pre-1 ow CP VA
| ube- oi
pressure
Hi gh battery CP VA
vol t age
Low battery CP VA

vol t age
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NFPA 110
Level 2

SO/ CP VA

CP VAO

CP VAO

CP VA

CP VAO

CP VAO

CP VAO

Cor ps of
Engrs
Requi r ed

SD/ OPA
( Punp)

SD VA

CP VA

CP VA

CP VA

CP VA



Devi ce/ What / Wher e/ Si ze NFPA 99
Condi tion/
Functi on
Battery AC supply not
char ger avai | abl e
AC failure

Contro
swi tch not
in AUTO

Low starting
air pressure

Low starting
hydraulic
pressure

SD - Shut Down

CP - On Control Pane
VA - Visual Al arm
AA - Audi ble Alarm
O - Optional]

2.18.5 Ti me-Del ay on Al arns

For startup of the engine-generator set, tinme-delay devices shal
installed bypassing the | ow |ubricating oi

NFPA 110

Level

CP VA

CP VA

CP VA

CP VA

1

NFPA 110
Level 2

CP VAO

CP VAO

CP VAO

CP VAO

Cor ps of
Engrs
Requi r ed

be

pressure al arm during cranking,

and the coolant-fluid outlet tenperature alarm
device shall return its alarmto normal status after the engine starts.
The cool ant tine-delay device shall return its alarmto nornal

m nutes after the engine starts.

2.18.6 Rermot e Al ar m Pane

The | ube- oi

ti me-del ay

status 5

EE IR R I R R I R I R I I O R R R R R I S R I Rk I I Rk I I R R O R O

NOTE: The Renote Al arm Panel should be shown on the

drawi ngs. Delete renote al arm pane
required. Select the first option if the
application is a prine power plant.

For

wher e not

prime power

units provide panel elevations depicting desired
configurations, together with a listing of alarns
and instruments. Select the second option for
engi ne generator sets utilized in enmergency or

standby applications. The designer

must

provi de

design features in accordance with the requirenents

of NFPA 70, and NFPA 99 for nedical

facilities. The

desi gner nust provide design features in accordance
with the requirenents of NFPA 70 and NFPA 110 for

energency and standby applications.

is required for NFPA 99 and for

applications. A renote panel is not

NFPA 110, Level 2 applications.

which are not required. Delete al

A renot e panel
NFPA 110, Level 1
required for

Edit the table to
include all required alarnms. Delete optional alarns

col ums except

the first columm and the appropriate code reference
colum. Add necessary paraneters where required to
define critical limts for alarns.
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EE IR R R R I R R I I I R R R R R I R S R Rk I Rk I I I R O S O

[A renpte al arm panel shall be provided as indicated.]

[A remote alarm

panel shall be provided in accordance with [ NFPA 99] [ NFPA 110]and as

fol |l ows:

Devi ce/ Condi ti on/ VWhat / Wher e/ Si ze
Function

Renot e annunci at or panel Battery powered

Loads on genset

Battery charger
mal f uncti on

Low | ube-oi | Pressure/l eve

Low Tenper at ure Jacket water

Hi gh Tenperature Jacket water/
cyl i nder

Low fuel |evel Main tank, 3 hr
remai ni ng

Over crank Failure to start

Over speed

Pre-hi gh tenperature Jacket water/
cyl i nder

Control switch not in
AUTO

Common al arm cont acts
for local & renpte
common al arm

Audi bl e al arm si | enci ng
switch

Ai r shut down danper When used
Common fault al arm

X - Required

SD - Shut Down

CP - On Control Pane
VA - Visual Al arm
AA - Audi ble Alarm
O - Optional]

2.19 ENG NE GENERATCOR SET CONTROLS AND | NSTRUMENTATI ON

Devi ces, wiring, renote panels, |ocal panels,

NFPA 99

VA

VA

VA AA
VA AA

VA AA

VA AA

VA AA

VA AA

etc.,

shal |

NFPA 110

Level

Al ar ns

3

3

3

3

3

3

3

3

NFPA 110
Level 2

be provided and

installed as a conplete systemto automatically activate the appropriate
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signals and initiate the appropriate actions.

2.19.1 Controls

EE R R R I R I R I R I R R R I R I R I R R I R R R R R I R I R I R

NOTE: Delete the renpte control (control roon)
panel if the application is not a prime power
application. Provide plan and el evati on draw ngs of
the renote control panels for prinme power
applications, depicting specific devices,
instrunent, and neters, including |ayouts.

Cenerator circuit breaker controls with position

i ndi cation may be added if required (Not avail able
for standard nol ded-case breakers. Use only for
power circuit breakers or sw tchgear).

Edit the table to include all required devices.

Del ete all colums except the first columm and the
appropriate reference colums (always delete "M-G
O fering" colum).

A renpte stop switch is required by NFPA 37 for 100
hp and above engi nes, and by NFPA 110 for both Level
1 and Level 2 applications. A renmote fuel shutoff
switch, and a renote lube-o0il shutoff switch are
requi red by NFPA 37 for 100 hp and above engi nes.
Delete the renote fuel shutoff switch, and a renote
| ube-oil shutoff switch where not required.

EE R R R I R I O R I R R I R I R I R I R R R I R I R R R R I R L

A local control panel shall be provided with controls [as indicated] [in
accordance with NFPA 110 level [1] [2]] [and as follows] nounted [either on
or adjacent to the engine generator set] [as indicated]. A renmpte contro
panel shall be provided [with devices as indicated] [fully redundant to the
| ocal control panel]

Devi ce/ Condi ti on/ Cor ps Requi r enment NFPA 110 NFPA 110 MG
Functi on Level 1 Level 2 O fering

Control s

Switch: run/start cP CP/ STD

- off/set - auto
Emer gency stop switch
& al arm
Lanp test/indicator test CcP CP VA CP VA CP/ STD
Common al arm cont act s/ X X CP/ O
fault rel ay

9

CP/ STD

Panel 1ighting CP/ STD
Audi bl e alarm &

silencing/reset swtch

39

Vol t age adj ust for voltage cP CP/ STD
Regul at or

Pyromet er di spl ay cP

w sel ector switch
Renot e energency stop switch CP VA CP VA
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Devi ce/ Condi ti on/ Cor ps Requi r enment NFPA 110 NFPA 110 MG
Functi on Level 1 Level 2 O fering

Remot e fuel shutoff switch

Renote | ube-oil shutoff switch

2.19.2 Engi ne CGenerator Set Metering and Status |ndication

Rk Ik kb Sk R IR Rk kS kR R Ok R Rk kb R Rk Ik kb R R o

NOTE: Delete the renote (control roon) panel if the
application is not a prime power application

Provi de plan and el evati on drawi ngs of the renote
panel s for prime power applications, depicting

speci fic devices, instrument, and neters, including
| ayouts. Edit the table to include all required
devices. Delete optional devices that are not
required for the application. Delete all colums
except the first colum and the appropriate
reference colum (always delete the "MFG Offering"”
columm). Add any necessary paraneters to define
devices required. A fuel neter display should be
added for prine rated applications. A fuel header
pressure display should be added for prine rated
applications. Delete the pyroneter devices for sets
smal l er than 200 kW Kwh, kVAR, power factor neters
and reverse power indication may be added as
required.

The followi ng instrunments may be added as required.

I ndicating VAR neter. Power-factor neter

i ndi cating. (Specify one of these. They are
normal |y used only for prine applications, however
can be specified for standby units as required.)

Indicating wattnmeter. (Normally used only for prine
applications, however can be specified for standby
units as required.)

Totalizing Kilowatt-hour nmeter with 15 or 30 m nute
demand register. (Nornally used only for prine
applications, however can be specified for standby
units as required.)

Recordi ng Kilowatt-hour/demand neter. (Normally
used only for prinme applications, however can be
specified for standby units as required.)

The 15-minute denmand register is preferred to the
30-minute register in nost cases, because it permts
nore accurate timng of facility peak | oad
occurrence.

Del ete Frequency and Volt neters if a Synchronizing

Panel is provided.
EE IR R I Ik S I I Sk S I R R kS kS kI I kS S kR Sk

A local panel shall be provided with devices [as indicated] [in accordance
with NFPA 110 level [1] [2]] [and as follows] nounted [either on or

SECTION 26 32 14.00 10 Page 52



adj acent to the engine generator set] [as indicated].

| ocal control panel]

Devi ce/ Condi ti on/ Cor ps Requi r enment

Functi on Leve

CGenset Status & Metering

Genset suppl ying | oad CP VA

Syst em r eady

Engi ne oil pressure

Engi ne cool ant tenperature
Engi ne RPM (Tachoneter)

Engi ne run hours

9 9 9 9 9

Pyroneter display
w sel ector switch

3

AC volts (generator),
3- phase

9

AC anps (generator),
3- phase

CGenerator frequency CP

Phase sel ector sw tches CcP
(anps & volts)

Wat t s/ kW

Vol t age Regul at or
Adj ust nment cP

CP - On Control Panel

VA - Visual Alarm

AA - Audi ble Alarm

O - Optiona

STD - Manufacturers Standard O fering

2.20 PANELS

1

A renote contro
panel shall be provided [with devices as indicated] [fully redundant to the

NFPA 110 NFPA 110

Level 2

CP VAO

MFG
O fering

CP VAO
CP/ STD
CP/ STD
CP/ STD
CP/ STD

CP/ STD

CP/ STD

CP/ STD

CP/ STD

CP/ STD

CP/ VA-O

EE R R I R R I R R R I I O R R R R R Sk S R Rk R I Rk S I I R R O

NOTE: Panels, except the renote panel
conmbi ned into a single panel paragraph

Provi de a panel -nounting | ocation and det ai

panel s not nounted on the generator set

base.

can be

for
The

designer may el ect other |ocations such as adjacent
to engi ne generator set; in the generator enclosure;

or in or on the sw tchgear enclosure.

Provi de panel nanepl ate and instrunent
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uni que identifiers or user preferred identifiers.
Provi de sizes, materials, and attachment preferences.

Del ete either the "standard panel” or "el ectronic
panel ".

EE R R R R R I R R R R I R I R I R I R R R I R R S R R I R

Each panel shall be of the type necessary to provide specified functions.
Panel s shall be mounted [on the engi ne generator set base by

vi bration/ shock absorbing type nmountings] [as shown]. [Instrunents shall be
mounted flush or semiflush. Convenient access to the back of instrunents
shal |l be provided to facilitate maintenance. Instrunents shall be

calibrated using recogni zed i ndustry calibration standards. Each pane
shall be provided with a panel identification plate which clearly
identifies the panel function as indicated. Each instrunent and device on
the panel shall be provided with a plate which clearly identifies the
device and its function as indicated. Panels except the renote al arm pane
can be conbined into a single panel

.20.1 Encl osur es

R IR I S bk S b I S kR Sk kS b S b R Sk kS b Rk S S S Sk Sk

NOTE: Del ete | ocki ng mechani sm when not required.

EE R I R R R R I R I R R R R R I R I R I R I R R R I R R S R R R S R L

Encl osures shall be designed for the application and environnent,
conform ng to NEMA | CS 6, and provided with | ocking mechani sms which are
keyed ali ke.

.20.2 Anal og

Anal og el ectrical indicating instrunents shall be in accordance wth

ANSI C39.1 with sem flush nounting. Sw tchgear, and control-room

panel -mount ed i nstrunents shall have 250 degree scales with an accuracy of
not less than 1 percent. Unit-nounted instrunments shall be the

manuf acturer's standard with an accuracy of not |less than 2 percent. The
instrument's operating tenperature range shall be minus 20 to plus 65
degrees C minus 4 to plus 130 degrees F. Distorted generator output

vol tage waveform of a crest factor less than 5 shall not affect netering
accuracy for phase voltages, hertz and anps.

.20.3 El ectronic

El ectronic indicating instruments shall be true RMS indicating, 100 percent
solid state, mcroprocessor controlled to provide all specified functions.
Control, logic, and function devices shall be conpatible as a system

seal ed, dust and water tight, and shall utilize nodul ar conponents with
netal housings and digital instrunentation. An interface nodule shall be
provided to decode serial link data fromthe el ectronic panel and translate
alarm fault and status conditions to set of relay contacts. Instrunent
accuracy shall be not less than 2 percent for unit nounted devices and 1
percent for control room panel nounted devices, throughout a tenperature
range of minus 20 to plus 65 degrees C minus 4 to plus 130 degrees F. Data
display shall utilize LED or back lit LCD. Additionally, the display shal
provi de indication of cycle programm ng and di agnostic codes for

troubl eshooting. Nuneral height shall be [13 mm 1/2 inch][___ ].
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2.20.4 Par amet er Di spl ay

I ndi cation or readouts of the lubricating-oil pressure, ac voltneter, ac
amret er, frequency meter, and cool ant tenperature.

2.20.5 Exerci ser

Rk Ik kR IR R R Ik S R AR Rk R R R Rk ok S R Rk Ik S kb S R R o

NOTE: Delete the exerciser when it is not

required. Ensure that the exerciser is conpatible
with the automatic transfer scheme. It is highly
desirable to utilize systemloads for generator set
exerci se | oads and to exercise the conpl ete standby
system periodically. Coordinate requirenments wth
the user. The designer shall ensure that the design
provi des warning signs in areas where the engine
generator can start automatically.

EE R I R I I R I I R R I R R R R I R I R I R I R R R I R R R S R R I R

The exerciser shall be in accordance with Section 26 36 00.00 10 AUTOVATI C
TRANSFER SW TCH AND BY- PASS/ | SOLATI ON SW TCH.

2.21 SURGE PROTECTI ON

El ectrical and el ectronic conponents shall be protected from or designed
to withstand the effects of surges from sw tching and |ightning.

2.22 AUTOVATI C ENG NE- GENERATOR- SET SYSTEM COPERATI ON

EE R I R I R R I R I R I R R I R I I R I R I R R R I R I R R R I R

NOTE: Adapt to fit application and provide desired
actuati on sequence.

Rk Ik kR IR Rk I kI AR Sk R R R R o b Sk R IRk I S b S b

Ful ly automatic operation shall be provided for the followi ng operations:
engi ne-generator set starting and source transfer upon |oss of [nornal]
[preferred] source; retransfer upon restoration of the [normal] [preferred]
source; sequential starting; and stopping of each engi ne-generator set
after cool down. Devices shall automatically reset after term nation of
their function.

2.22.1 Automatic Transfer Switch

Automatic transfer switches shall be in accordance with Section
26 36 00.00 10 AUTOMATI C TRANSFER SW TCH AND BY- PASS/ | SOLATI ON SW TCH

2.22.2 Moni toring and Transfer

Devi ces shall be provided to nonitor voltage and frequency for the [normal]
[preferred] power source and each engi ne generator set, and contro
transfer fromthe [normal] [preferred] source and retransfer upon
restoration of the [normal] [preferred] source. Functions, actuation, and
time delays shall be as described in Section 26 36 00.00 10 AUTOVATI C
TRANSFER SW TCH AND BY- PASS/ | SOLATI ON SW TCH

2.23 MANUAL ENG NE- GENERATOR SET SYSTEM OPERATI ON

Conplete facilities shall be provided for nmanual starting and testing of
each set without |oad, |oading and unl oadi ng of each set.
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2.24 BASE

The base shall be constructed of steel. The base shall be designed to
rigidly support the engi ne-generator set, ensure pernmanent alignnment of al
rotating parts, be arranged to provide easy access to allow changi ng of

[ ube-o0il, and ensure that alignnment will be naintained during shipping and
normmal operation. The base shall permt skidding in any direction during
installation and shall be provided with suitable holes for foundation
bolts. The base shall also withstand and nitigate the effects of
synchronous vibration of the engine and generator, and shall be provided
with [suitable holes for anchor bolts] [[ ] dianeter holes for anchor
bolts] and jacking screws for |eveling.

2.25 THERMAL | NSULATI ON

Thermal insulation shall be as specified in Section 23 07 00 THERMAL
| NSULATI ON FOR MECHANI CAL SYSTEMS

2.26 PAI NTI NG AND FI NI SHI NG

The engi ne-generator set shall be cleaned, prined and painted in accordance
with the manufacturer's standard col or and practi ce.

2.27 FACTORY | NSPECTI ON AND TESTS

Perform factory inspection and tests on each engi ne-generator set proposed
to neet this specification section. Inspections shall be conpleted and
necessary repairs nmade prior to testing. Inspectors shall |ook for |eaks,
| ooseness, defects in conponents, and proper assenbly. Factory tests shal
be NEMA MG 1 routine tests and the manufacturers routine tests.

PART 3 EXECUTI ON

EE R R R I R I R R R R I R I R I R I R R R I R I R R S R R R I R

NOTE: Provide an equi prent |ayout on the plans

whi ch provides the clear space for operation and
mai nt enance i n accordance with NFPA 70 and | EEE C2.
I nclude requirements for a stagi ng/l aydown area for
di sassenbly or renoval and repl acenent of nmmjor
parts of the generator set. Additionally, it is
advi sable to provide access to renove the unit
and/ or major parts of equipnent fromthe room and
bui l di ng either through doors/passageways or

equi prent hat ches.

R IR I S bk S b kS O Rk S kS IR Sk S b R Rk S S bk b S Sk S S

3.1 EXAM NATI ON

After becoming famliar with all details of the work, performa Site Visit
to verify details of the work. Advise the Contracting Officer in witing
of any di screpancies before perform ng any work.

3.2  GENERAL | NSTALLATI ON
Installation shall provide clear space for operation and mai ntenance in
accordance with NFPA 70 and | EEE C2. Installation of pipe, duct, conduit,

and ancillary equi pnent shall be configured to facilitate easy renoval and
repl acenent of maj or conponents and parts of the engi ne-generator set.
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3.

3.

3 Pl PI NG | NSTALLATI ON
3.1 Cener a

Pi pi ng shall be wel ded. Connections at valves shall be fl anged.
Connections at equi prent shall be flanged except that connections to the
di esel engine nmay be threaded if the diesel-engine manufacturer's standard
connection is threaded. Except as otherw se specified, flanged fittings
shall be utilized to allow for conplete dismantling and renoval of each

pi ping systemfromthe facility w thout disconnecting or renoving any
portion of any other system s equi pment or piping. Connections to al

equi pment shall be made with flexible connectors. Pipes extending through
the roof shall be properly flashed. Piping shall be installed clear of

wi ndows, doors, and openings to pernmit thermal expansion and contraction
wi t hout damage to joints or hangers, and with a 13 mr 1/2 inch drain val ve
at each | ow point.

.3.2 Supports

Hangers, inserts, and supports shall be of sufficient size to accommodate
any insulation and shall conformto MSS SP-58 and MSS SP-69. Supports
shal | be spaced not nore than 2.1 m 7 feet on center for pipes 50 mr 2
inches in dianeter or less, not nore than 3.6 m 12 feet on center for pipes
[ arger than 50 mm 2 inches but no larger than 100 mr 4 inches, and not nore
than 5.2 nm 17 feet on center for pipes larger than 100 mr 4 inches in
diameter. Supports shall be provided at pipe bends or change of direction

.3.2.1 Cei ling and Roof

Exhaust piping shall be supported with appropriately sized type 41 single
pi pe roll and threaded rods; all other piping shall be supported wth
appropriately sized type 1 clevis and threaded rods.

.3.2.2  wal

Wal | supports for pipe shall be nade by suspending the pipe from
appropriately sized type 33 brackets with the appropriate ceiling and roof
pi pe supports.

. 3.3 Fl anged Joints

Fl anges shall be Cass 125 125 pound type, drilled, and of the proper size
and configuration to match equi prent and di esel - engi ne connecti ons.
Gaskets shall be factory cut in one piece 1.6 mr 1/16 inch thick.

. 3.4 C eani ng

After fabrication and before assenbly, piping interiors shall be manually
wi ped clean of all debris.

.3.5 Pi pe Sl eeves

Pi pes passing through construction such as ceilings, floors, or walls shal
be fitted with sleeves. Each sleeve shall extend through and be securely
fastened in its respective structure and shall be cut flush with each
surface. The structure shall be built tightly to the sleeve. The inside
di aneter of each sleeve shall be 13 mr 1/2 inch, and where pipes pass
through conmbustible materials, 25 mr 1 inch larger than the outside
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3.

3.

3.

3

di ameter of the passing pipe or pipe covering.

.4 ELECTRI CAL | NSTALLATI ON

El ectrical installation shall conply with NFPA 70, | EEE C2, and Section

26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM For vibration isolation, flexible
fittings shall be provided for all conduit, cable trays, and raceways
attached to engi ne-generator sets; netallic conductor cables installed on
the engi ne generator set and fromthe engi ne generator set to equi prment not
nounted on the engi ne generator set shall be flexible stranded conduct or
and term nations of conductors on the engi ne generator set shall be
crinp-type termnals or lugs. Submit proof of prototype tests as specified
in the Subnittal s paragraph

5 FI ELD PAI NTI NG

EE R I R R I R I R I R R R I R I R I R I R R R R R R S R R I R

NOTE: For Air Force work add that the exterior of
all equi prent shall be finished in the base standard

col or.
EIR I R R I S I I I I I I I I I I I R S I I I I I I I I I I I I I I I I I I I I S I b I b b b I I I b I b I b I b b b I S b I b I b o

Field painting shall be as specified in Section 09 90 00 PAINTS AND
COATI NGS

6 ONS| TE | NSPECTI ON AND TESTS

R IR I S bk O bk I S kI I I kS Rk S bk S ok S b S Rk S S bk b S S S S R S

NOTE: Delete tests not necessary.

EE R I R I R R I R I R I R R I R I I R I R I R R R I R I R R R I R

6.1 Test Conditions

.6.1.1 Dat a

Measurenents shall be nade and recorded of paraneters necessary to verify
that each set neets specified paraneters. |If the results of any test step
are not satisfactory, adjustnents or replacenents shall be made and the
step repeated until satisfactory results are obtained. Unless otherw se

i ndi cated, data shall be taken during engi ne-generator set operation and
recorded in 15 minute intervals and shall include: readings of

engi ne-generator set nmeters and gauges for electrical and power paraneters;
oi |l pressure; ambient tenperature; and engi ne tenperatures avail able from
nmeters and gauges supplied as permanent equi pment on the engi ne-generator
set. In the follow ng tests where neasurenents are to be recorded after
stabilization of an engi ne-generator set paraneter (voltage, frequency,
current, tenperature, etc.), stabilization is considered to have occurred
when neasurenents are maintained within the specified bandw dt hs or

tol erances, for a mininmum of four consecutive readings. Electrica
nmeasurenments shall be performed in accordance with | EEE Std 120.
Definitions and ternms are in accordance with | EEE Std 100. Tenperature
limts in the rating of electrical equipnent and for the eval uation of

el ectrical insulation shall be in accordance with | EEE Std 1.

.6.1.2 Power Fact or

Engi ne-generator set operating tests shall be made utilizing a load with
[the power factor specified in the engine generator set paraneter schedul €]
[a [ ] power factor].
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3.6.1.3 Contractor Supplied Itens

Provide all equiprment and supplies required for inspections and tests
including fuel, test instrunments, and | oadbanks at the specified power
factors.

3.6.1.4 I nstrunents

Readi ngs of panel gauges, neters, displays, and instrunents, provided under
this specification shall be verified during test runs by test instrunments
of precision and accuracy greater than the tested itens. Test instrunent
accuracy shall be at least as follows: current, 1.5 percent; voltage, 1.5
percent; real power, 1.5 percent; reactive power, 1.5 percent; power
factor, 3 percent; frequency, 0.5 percent. Test instrunents shall be
calibrated by a recogni zed standards | aboratory within [30] [90] days prior
to testing.

3.6.1.5 Sequence

The sequence of testing shall be as specified in the approved testing plan
unl ess variance in authorized by the Contracting Oficer. Field testing
shal |l be performed in the presence of the Contracting Oficer. Tests may
be schedul ed and sequenced in order to optim ze run-tine periods; however
the follow ng general order of testing shall be followed: Construction
Tests; Inspections; Safety run Tests; and Perfornmance Tests and Fi na

I nspecti on.

3.6.2 Construction Tests

EE IR R I R R I I R R I I I R R R R S R R R I Rk I I R R I R O S

NOTE: Coordi nate the construction test requirenents
with the other specification sections to elimnate
redundant tests and provide additional reference to
necessary tests.

EE R I R R R R I R I R R R R I R I R R I R I R R I R R R R R I R

I ndi vi dual conponent and equi prent functional tests for fuel piping,

cool ant piping, and lubricating-oil piping, electrical circuit continuity,
insulation resistance, circuit protective devices, and equi pnent not

provi ded by the engi ne-generator set manufacturer shall be perforned prior
to connection to the engi ne-generator set.

3.6.2.1 Pi pi ng Test

a. Lube-oil and fuel-o0il piping shall be flushed with the sane type of
fluid intended to flow through the piping, until the outflowing fluid
has no obvi ous sedi ment or enul sion

b. Fuel piping which is external to the engi ne-generator set shall be
tested in accordance with NFPA 30. Al remaining piping which is
external to the engine generator set shall be pressure tested with air
pressure at 150 percent of the nmaxi mum anti ci pated worki ng pressure,
but in no case less than 1 MPa 150 psig, for a period of 2 hours to
prove the piping has no leaks. |If piping is to be insulated, the test
shal |l be performed before the insulation is applied.
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3.6.2.2 El ectrical Equi prent Tests

Rk Ik kb Sk R R IR R R I kI ARk Sk R R Rk I o b Sk kS R R Ik Sk b S R o

NOTE: Delete ground resistance test where covered
by ot her project specifications, or where no grounds
are install ed.

EE R R R R I I R R I I I R R R I R I S S R R R I I Rk I I R R O R I O

a. Lowvoltage cable insulation integrity tests shall be perforned for
cabl es connecting the generator breaker to the [automatic transfer

swi tch] [panel board] [nain di sconnect switch] [distribution bus]

[ ]. Lowvoltage cable, conplete with splices, shall be tested for
i nsul ation resistance after the cables are installed, in their fina
configuration, ready for connection to the equiprment, and prior to
energi zation. The test voltage shall be 500 volts dc, applied for one
m nut e between each conductor and ground and between all possible

conbi nati ons conductors in the same trench, duct, or cable, with al

ot her conductors in the sane trench, duct, or conduit. The m nimm

val ue of insulation shall be:

1) R in megohnms = (rated voltage in kV + 1) x 304, 800/ (| ength of
cable in neters).

2) (R in megohns = (rated voltage in kV + 1) x 1000/ (Il ength of
cable in feet)

3) Each cable failing this test shall be repaired or repl aced.
The repaired cable shall be retested until failures have been
el i m nat ed.

b. Mediumvoltage cable insulation integrity tests shall be perforned
for cabl es connecting the generator breaker to the [generator

swi tchgear] [main disconnect switch] [distribution bus]. After

i nsul ation and before the operating test or connection to an existing
system the nmedi umvoltage cable systemshall be given a high potential
test. Direct-current voltage shall be applied on each phase conductor
of the system by connecting conductors as one terninal and connecting
grounds or netallic shieldings or sheaths of the cable as the other
termnal for each test. Prior to making the test, the cables shall be
i sol at ed by opening applicable protective devices and di sconnecting
equi pnment. The test shall be conducted with all splices, connectors,
and ternminations in place. The nmethod, voltage, length of tine, and
ot her characteristics of the test for initial installation shall be in
accordance with [ NENA WC 74] [ ] for the particular type of cable
installed, except that 28kV and 35kV insul ation test voltages shall be
in accordance with either AEIC CS8 or AEIC CS8 as applicable, and shal
not exceed the recommendations of |EEE Std 404 for cable joints and

| EEE Std 48 for cable terminations unless the cable and accessory
manuf acturers indicate hi gher voltages are acceptable for testing.
Shoul d any cable fail due to a weakness of conductor insulation or due
to defects or injuries incidental to the installation or because of

i nproper installation of cable, cable joints, term nations, or other
connections, nmake necessary repairs or replace cables as directed.
Repaired or replaced cabl es shall be retested.

c. Gound-Resistance Tests. The resistance of [each grounding

el ectrode] [each grounding el ectrode systenm] [the ground mat] [the
ground ring] shall be neasured using the fall-of-potential nethod
defined in |EEE Std 81. G ound resistance neasurements shall be made
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before the electrical distribution systemis energized and shall be
made in normally dry conditions not |ess than 48 hours after the | ast
rainfall. Resistance measurenments of separate grounding el ectrode
systens shall be nade before the systens are bonded toget her bel ow
grade. The conbi ned resistance of separate systens nay be used to neet
the required resistance, but the specified nunber of el ectrodes nust

still be provided.
1) Single rod electrode - [25] | ] ohns.
2) Miltiple rod electrodes - | ] ohns.
3) Gound mat - [ ] ohns.

d. Circuit breakers and sw tchgear shall be exam ned and tested in
accordance with manufacturer's published instructions for functiona
testi ng.

6.3 | nspecti ons

The foll owing inspections shall be performed jointly by the Contracting
Oficer and the Contractor, after conplete installation of each

engi ne-generator set and its associ ated equi pnent, and prior to startup of
the engi ne-generator set. Checks applicable to the installation shall be
performed. The results of those which are physical inspections (1) shal
be docunented and subnmitted in accordance w th paragraph SUBM TTALS
Present manufacturer's data for the inspections designated (D) at the tine
of inspection. |Inspections shall verify that equi pnent type, features,
accessibility, installation and condition are in accordance with the
contract specification. Manufacturer's statenents shall certify provision
of features which cannot be verified visually.

Drive belts. (I)

Governor type and features. (1)
Engine timng mark. (1)
Starting notor. (1)

Starting aids. (I)

Cool ant type and concentration. (D)
Radi ator drains. (I)

Bl ock cool ant drains. (I)

Cool ant fill level. (1)

10. Coolant |ine connections. (I)
11. Cool ant hoses. (1)

12. Conbustion air filter. (1)

13. Intake air silencer. (I)

14. Lube oil type. (D)

15. Lube oil drain. (I)

16. Lube-oil filter. (1)

CoNoORONE

17. Lube-oil-fill level. (1)
18. Lube-oil line connections. (I)
19. Lube-oil lines. (I)

20. Fuel type. (D)

21. Fuel-level. (1)

22. Fuel -line connections. (I)

23. Fuel lines. (1)

24. Fuel filter. (I)

25. Access for maintenance. (1)

26. Voltage regulator. (1)

27. Battery-charger connections. (I)
28. Wring & termnations. (I)

29. Instrunentation. (1)
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30. Hazards to personnel. (I)

31. Base. (1)

32. Naneplates. (1)

33. Paint. (I)

34. Exhaust system (I)

35. Access provided to controls. (I)

36. Enclosure. (I)

37. Engine & generator nounting bolts (proper application). (1)

3.6.4 Safety Run Tests
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NOTE: For the sound level tests, nodify the radial
di stance requirement fromthe engi ne intake and
exhaust to account for obstructions, variations in
site conditions, building configurations; or

i ndi cate points on the contract draw ngs at which
neasurenents are to be nade

Delete itemw if a day tank is not used.

Add the follow ng test under item x bel ow when
over/under frequency alarns are provided.

Coordi nate the requirenent with paragraph Al arm
Panel s.

X. Manually adjust the governor to speed up the
engine to a level beyond the over frequency al arm
setpoint and record the frequency when the audible
al arm sounds. Manual ly adjust the governor to sl ow
down the engine to a | evel below the under frequency
al arm set point and record the frequency when the
audi bl e al arm sounds. Return the speed to the rated
val ue. Shut down the engi ne-generator set.

EE R R R I R I R R R R I R I R I R I R R R I R I R R S R R R I R

a. Performand record engi ne nanufacturer's recomended prestarting
checks and inspections.

b. Start the engine, record the starting tinme, nmake and record engi ne
manuf acturer's after-starting checks and inspections during a
reasonabl e warmup peri od

c. Activate the manual energency stop switch and verify that the
engi ne stops.

d. Renpve the high and pre-high lubricating oil tenperature sensing
el ements fromthe engine and tenmporarily install tenperature gauge in
their nornmal |ocations on the engine (required for safety, not for
recorded data). Where necessary, provide tenporary wiring harness to
connect the sensing elenents to their pernmanent electrical |eads.

e. Start the engine, record the starting time, make and record engine
manufacturer's after-starting checks and inspections and operate the
engi ne generator-set at no load until the output voltage and frequency
stabilize. Monitor the tenmporarily installed tenperature gauges. |If
tenmperature readi ng exceeds the value for an alarmcondition, activate
t he manual energency stop switch.
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f. Imerse the elenents in a vessel containing controlled-tenperature
hot oil and record the tenperature at which the pre-high alarm
activates and the tenperature at which the engine shuts down. Renpve
the tenporary tenperature gauges and reinstall the tenperature sensors
on the engine.

g. Renove the high and pre-high cool ant tenperature sensing el enents
fromthe engine and tenporarily seal their normal |ocation on the
engi ne and tenporarily install tenperature gauges in their norma

| ocations on the engine (required for safety, not for recorded data).
Where necessary provide tenporary wiring harness to connect the sensing
el ements to their permanent el ectrical |eads.

h. Start the engine, record the starting tine, make and record engi ne
manuf acturer's after-starting checks and inspections and operate the
engi ne generator-set at no load until the output voltage and frequency
stabili ze.

i. |Inmerse the elenments in a vessel containing controll ed-tenperature
hot oil and record the tenperature at which the pre-high alarm
activates and the tenperature at which the engine shuts down. Renpve
the tenporary tenperature gauges and reinstall the tenperature sensors
on the engine.

j. Start the engine, record the starting tine, nake and record engi ne
manuf acturer's after-starting checks and inspections during a
reasonabl e war mup peri od.

k. Operate the engine generator-set for at |east 30 minutes at 100
percent of service | oad.

. Verify proper operation of the governor and vol tage regul ator.
m Verify proper operation and setpoints of gauges and instrunents.
n. Verify proper operation of ancillary equipnrent.

0. Manually adjust the governor to increase engi ne speed past the
overspeed limt. Record the RPM at which the engi ne shuts down.

p. Start the engine, record the starting tine, nmake and record engi ne
manufacturer's after-starting checks and inspections and operate the
engi ne generator-set for at |east 15 nminutes at 75 percent of rated

| oad.

g. Mnually fill the day tank to a | evel above the overfill limt.
Record the | evel at which the overfill alarmsounds. Verify shutdown
of the fuel transfer punp. Drain the day tank down bel ow the overfil
limt.

r. Shut down the engine. Renpve the time-delay |ow |ube oil pressure
al arm bypass and try to start the engine. Record the results.

s. Attach a manifold to the engine oil system (at the oil sensor
pressure port) that contains a shutoff valve in series with a
connection for the engine's oil pressure sensor followed by an oi
pressure gauge ending with a bleed valve. The engine's oil pressure
sensor shall be noved fromthe engine to the manifold and its nornal

| ocation on the engine tenporarily sealed. The manifold shutoff valve
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3

shal | be open and bl eed val ve cl osed.

t. Start the engine, record the starting time, nake and record all
engi ne nmanufacturer's after-starting checks and inspections and operate
t he engi ne generator-set for at |east 15 mnutes at 75 percent of
servi ce | oad.

u. Cose the manifold shutoff valve. Slowy allow the pressure in the
mani fold to bleed off through the bl eed valve while watching the
pressure gauge. Record the pressure at which the engi ne shuts down.
Catch oil spillage fromthe bleed valve in a container. Add the oi
fromthe container back to the engine, renove the manifold, and
reinstall the engine's oil pressure sensor on the engine.

v. Start the engine, record the starting time, nmake and record al
engi ne nanufacturer's after-starting checks and inspections and operate
t he engi ne generator-set for at |east 15 mnutes at 100 percent of
service load. Record the maxi num sound | evel in each frequency band at
a distance of | ] [22.9] m [ ] [75] feet fromthe end of the
exhaust and air intake piping directly along the path of intake and

di scharge horizontal piping; or at a radius of [22.9] [10.7] m [75]
[35] feet fromthe engine at 45 degrees apart in all directions for
vertical piping. The nmeasurenents should conply with the paragraph
SOUND LIMTATIONS. [If a sound linmiting enclosure is provided, the
enclosure, the nuffler, and intake silencer shall be nodified or

repl aced as required to nmeet the sound requirenments contained within
this specification.] [If a sound limting enclosure is not provided,
the muffler and air intake silencer shall be nodified or replaced as
required to neet the sound limtations of this specification. If the
sound limtations can not be obtained by nodifying or replacing the

muf fler and air intact silencer, notify the Contracting Officer and
provi de a recommendati on for nmeeting the sound limtations.]

w. Manually drain off fuel slowly fromthe day tank to enpty it to
bel ow the | ow fuel level linmt and record the |level at which the
audi bl e al arm sounds. Add fuel back to the day tank to fill it above
low level alarmlimts.

6.5 Per f or mance Tests

.6.5.1 Conti nuous Engi ne Load Run Test
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NOTE: |If contractually possible, specify an anbient
tenperature for the load run test which is typical
for the average maxi numtenperature. This is the
nost strenuous operating condition. Specify a nonth
which typically provides the nost restrictive
operating condition

Rk Ik kb Sk R IR Rk kS e S S b R AR Ik R R R Rk O R I R R R

The engi ne-generator set and ancillary systens shall be tested at service
load to: denonstrate reliability and durability; verify that heat of

ext ended operati on does not adversely affect or cause failure in any part
of the system and check all parts of the system |If the engine |oad run
test is interrupted for any reason, the entire test shall be repeated. The
engine |l oad run test shall be acconplished principally during daylight
hours, with an average anbient tenperature of [ ] degrees C degrees F
during the nonth of [ ]. After each change in load in the follow ng
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test, measure the vibration at the end bearings (front and back of engine,
out board end of generator) in the horizontal, vertical, and axia
directions. Verify that the vibration is within the allowabl e range.
Measurenents are to be recorded after stabilization of an engi ne-generator
set paraneter (voltage, frequency, current, tenperature, etc.).
Stabilization is considered to have occurred when neasurenments are

mai ntai ned within the specified bandwi dths or tol erances, for a mini num of
four consecutive readings. Data taken at 15 ninutes intervals shal

i nclude the foll ow ng:

a. Electrical: CQutput anperes, voltage, real and reactive power,
power factor, frequency.

b. Pressure: Lube-oil
c. Tenperature: Coolant, Lube-o0il, Anbient.

(1) Performand record engi ne nanufacturer's reconmended
prestarting checks and inspections. |Include as a m ni num checki ng
of coolant fluid, fuel, and |ube-o0il |evels.

(2) Start the engine; nake and record engi ne manufacturer's
after-starting checks and i nspections during a reasonabl e warm up
peri od.

(3) Operate the engine generator-set for at least 2 hours at 75
percent of service |oad.

(4) Increase load to 100 percent of service | oad and operate the
engi ne generator-set for at |east 2 hours.

(5) Renove |oad fromthe engi ne-generator set.
3.6.5.2 Load Acceptance Test

Engi ne manufacturer's recomended prestarting checks and inspections shal

be perforned and recorded. The engine shall be started, and engine

manuf acturer's after-starting checks and inspections nmade and recorded
during a reasonable warmup period. For the follow ng steps, the output
line-line and line-neutral voltages and frequency shall be recorded after
perform ng each step instruction (after stabilization of voltage and
frequency). Stabilization is considered to have occurred when neasurenents
are maintained within the specified bandwi dths or tol erances, for a m ni num
of four consecutive readings.

a. Apply load in steps no larger than the Maxi nrum Step Load | ncrease
to |l oad the engi ne-generator set to 100 of Service Load.

b. Verify that the engi ne-generator set responds to the |load addition
and that the output voltage returns to and stabilizes within the rated
bandwi dt hs.

3.6.6 Automatic Operation Tests for Stand-Al one Operation
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NOTE: Substitute manual operation and transfer for
aut omati c operation where autonmatic operation is not
required by the project. Delete automatic | oading
system where not required. The designer will
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provi de the sequence of operation (load sequences
for | oad acquisition and | oad shedding) in the
desi gn docunents.

R IR I S bk S bk kS S S Rk Sk S bk S S Rk I o S b Sk S S R Sk kR

The automatic | oading systemshall be tested to denonstrate [automatic
starting,] [and] [l oading and unl oadi ng] of each engi ne-generator set. The
| oads for this test shall utilize the actual |oads to be served, and the

| oadi ng sequence shall be the indicated sequence. Performthis test for a

m ni mum of two successive, successful tests. Data taken shall include the
fol | owi ng:

a. Anbient tenperature (at 15 minute intervals).

b. Generator output current (before and after |oad changes).
c. GCenerator output voltage (before and after |oad changes).
d. GCenerator output frequency (before and after |oad changes.)

1. Initiate loss of the primary power source and verify automatic
sequence of operation.

2. Restore the primary power source and verify sequence of
operation.

3. Verify resetting of controls to normnal

3.7 ONSI TE TRAI NI NG
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NOTE: Delete onsite training if not required.

Rk Ik kR IR Rk I kI AR Sk R R R R o b Sk R IRk I S b S b

Conduct training course for operating staff as designated by the
Contracting Officer. The training period shall consist of a total [4]
[ ] hours of normal working tinme and shall start after the systemis
functionally conpleted but prior to final acceptance. The course
instructions shall cover pertinent points involved in operating, starting,
stoppi ng, servicing the equipnment, as well as all major elenents of the
operation and nai ntenance nmanuals. Additionally, the course instructions
shal | denmponstrate all routine naintenance operations such as oil change,
oil filter change, and air filter change.

3.8 FI NAL | NSPECTI ON AND TESTI NG

a. Start the engine, record the starting tinme, make and record all
engi ne nanufacturer's after-starting checks and inspections during a
reasonabl e warmup period

b. Increase the load in steps no greater than the maxi num step | oad

i ncrease to 100 percent of service |load, and operate the

engi ne-generator set for at |east 30 minutes. Measure the vibration at
the end bearings (front and back of engine, outboard end of generator)
in the horizontal, vertical, and axial directions. Verify that the
vibration is within the sane range as previ ous neasurements and is
within the required range.

c. Renmpve |oad and shut down the engi ne-generator set after the
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reconmended cool down period. Performthe pre-test inspections and
t ake necessary corrective actions.

d. Renpve the lube oil filter and have the oil and filter exam ned by
t he engi ne manufacturer for excessive nmetal, abrasive foreign
particles, etc. Any corrective action shall be verified for

ef fectiveness by running the engine for 4 hours at service |load, then
re-examning the oil and filter.

e. Renove the fuel filter and examne the filter for trash, abrasive
foreign particles, etc.

f. Visually inspect and check engi ne and generator nmounting bolts for
ti ght ness and vi si bl e danage.

g. Replace air, oil, and fuel filters with new filters.
9 MANUFACTURER S FI ELD SERVI CE
The engi ne generator-set manufacturer shall furnish a qualified
representative to supervise the installation of the engi ne generator-set,

assist in the performance of the onsite tests, and instruct personnel as to
the operational and nmi ntenance features of the equi pnent.

.10 I NSTRUCTI ONS
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NOTE: The desi gner should check with the custoner
to determine if franed instructions can be placed in
the project area (requires wall space), and where
they are to be placed. Select the 216 x 279 nm (8
1/2 x 11 inches) notebook option where instructions
will have to be placed in the genset enclosure or a
swi tchgear cubicle (or other suitable enclosure).
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[ Two sets of instructions shall be typed and franmed under weat her pr oof
| am nated pl astic, and posted side-by-side where directed before

acceptance. First set of instructions shall include a one-line diagram
wiring and control diagrans and a conplete | ayout of the system Second
set of instructions shall include the condensed operating instructions

descri bing manufacturer's pre-start checklist and precautions; start
procedures for test-node, manual -start node, and automatic-start node (as
appl i cabl e); running checks, procedures, and precautions; and shut down
procedures, checks, and precautions. |Instructions shall include procedures
for interrelated equi pment (such as heat recovery systens, co-generation

| oad- sheddi ng, and automatic transfer switches).] [Two sets of
instructions shall be typed in 216 x 279 nr 8 1/2 x 11 inches format,

 ami nated in weat herproof plastic, and placed in three-ring vinyl binders.
The binders shall be placed as directed by the Contracting Oficer. The
instructions shall be in place prior to acceptance of the engi ne generator

set installation. First set of instructions shall include a one-line
diagram wiring and control diagrans and a conplete |layout of the system
Second set of instructions shall include the condensed operating

instructions describing manufacturer's pre-start checklist and precautions;
startup procedures for test-node, manual -start node, and automatic-start
node (as applicable); running checks, procedures, and precautions; and

shut down procedures, checks, and precautions. Instructions shall include
procedures for interrelated equi pnent (such as heat recovery systens,
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co-generation, |oad-shedding, and automatic transfer sw tches).]

3.11  ACCEPTANCE
Fi nal acceptance of the engi ne-generator set will not be given until the
Contractor has successfully conpleted all tests and after all defects in
installation material or operation have been corrected.

-- End of Section --
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