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NOTE: This gui de specification covers the

requi renent for diesel or natural gas fuel ed engi nes
used as prine novers for vertical punps at civi

wor ks flood control punping stations.

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

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

Conment 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 subnitted as
a Citeria Change Request (CCR)

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

PART 1 GENERAL

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: This guide is intended to be used in the
preparation of project specifications along with
Section 22 10 00.00 10 VERTI CAL PUMPS, AXI AL-FLOW
AND M XED- FLOW | MPELLER- TYPE, and Secti on

33 45 00.00 10 SPEED REDUCERS FOR STORM WATER
PUVPS. The Designer should edit the title of this
section to reflect appropriate project requirenents.

The designer is responsible for making a prinme nover
selection fromeither an electric notor, a diese
engi ne, or a natural gas engine. The guidance for
maki ng proper selection is contained in EM
1110- 2- 3105, "Mechani cal and El ectrical Design of
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Punpi ng Stations".

The specification is witten for a construction
contract. Under a construction contract, these
conponents can be purchased and installed by a
Construction Contractor. A single contract allows
the Contractor to obtain the nost optinum

conbi nati on and be responsible for the tota
performance of the unit, including shaft alignment.
This also nakes it feasible for the Contractor to
performa dynani c anal ysis of the punp, speed
reducer, and prine nover system as described in
Section 22 10 00.00 10, and nekes the Contractor
solely responsible for acquiring the necessary data
to perform such anal ysis.

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

1.1 REFERENCES

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

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

Use the Reference Wzard' s Check Reference feature
when you add a RID outside of the Section's

Ref erence Article to automatically place the
reference in the Reference Article. Al so use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi c designation only.

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI)

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

ASME | NTERNATI ONAL ( ASMVE)

ASME B16. 11 (2005) Forged Fittings, Socket-Welding and
Thr eaded
ASME B16. 3 (2006) Malleable Iron Threaded Fittings,

Cl asses 150 and 300

ASME B16.5 (2009) Standard for Pipe Flanges and
Fl anged Fittings: NPS 1/2 Through NPS 24

SECTION 41 65 10.00 10 Page 5



ASME B31.1

ASME BPVC SEC I X

ASME BPVC SEC VIII D1

(2007; Addenda 2008) Power Pi pi ng

(2007; Addenda 2008) Boiler and Pressure
Vessel Code; Section I X, Welding and
Brazing Qualifications

(2007; Addenda 2008) Boiler and Pressure
Vessel Code; Section VIII, Pressure
Vessel s Division 1 - Basic Coverage

ASTM | NTERNATI ONAL (ASTM

ASTM A 106/ A 106M

ASTM A 181/ A 181M

ASTM A 234/ A 234M

ASTM A 53/ A 53M

ASTM B 395/ B 395M

ASTM C 533

ASTM D 975

I NSTI TUTE OF ELECTRI CAL

| EEE C2

(2008) Standard Specification for Seam ess
Carbon Steel Pipe for H gh-Tenperature
Servi ce

(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 H gh Tenperature
Servi ce

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

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

(2009) Standard Specification for Cal cium

Silicate Bl ock and Pipe Thermal Insulation
(2009a) Standard Specification for Diesel
Fuel G s

AND ELECTRONI CS ENG NEERS (| EEE)

(2007; Errata 2006; Errata 2007; |NT 44-56
2007; INT 47, 49, 50, 52-56 2008; |NT 57,
58, 51, 48 2009) National Electrical

Saf ety Code

MANUFACTURERS STANDARDI ZATI ON SCCI ETY OF THE VALVE AND FI TTI NGS

| NDUSTRY ( MSS)

M5S SP-58

M5S SP- 69

MSS SP- 80

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

(2003; R 2004) Standard for Pipe Hangers
and Supports - Selection and Application

(2008) Bronze Gate,
Val ves

d obe, Angle and Check
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NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)

NEMA | CS 2 (2000; Errata 2002; R 2005; Errata 2006)
Standard for Industrial Control and
Systens: Controllers, Contactors, 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

NEMA | CS 6 (1993; R 2006) Standard for Industrial
Controls and Systens Encl osures

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

NATI ONAL FI RE PROTECTI ON ASSCC!I ATI ON ( NFPA)

NFPA 30 (2007; Errata 2008) Flanmabl e and
Conmbusti bl e Li qui ds Code

NFPA 37 (2006) Installation and Use of Stationary
Conmbusti on Engi nes and Gas Tur bi nes

NFPA 70 (2008; AVD 1 2008) National Electrical
Code - 2008 Edition

SOCI ETY OF AUTOMOTI VE ENG NEERS | NTERNATI ONAL ( SAE)
SAE ARP892 (1965; R 1994) DC Starter-Generator, Engine

SAE J1995 (1990; R 1995) Engi ne Power Test Code -
Spark Ignition and Conpression lgnition -
Gross Power Rating

SAE J537 (2000) Storage Batteries
UNDERWRI TERS LABORATORI ES (UL)

UL 1236 (2006; Rev thru Feb 2009) Standard for
Safety Battery Chargers for Charging
Engi ne-Starter Batteries

.2  SYSTEM DESCRI PTI ON
2.1 General Requirenents

Provide and install conplete and totally functional, [the] [each] engine
with all necessary ancillary equipnent including, but not Iimted to, air
filtration, starting system instrumentation, lubrication, fuel system
cool i ng system and engi ne exhaust system [The] [Each] engine rating
shall be in accordance with SAE J1995. The diesel natural gas fuel ed

engi ne punp drives shall be conplete units with all conponents,
accessories, and systeminterconnections coordi nated, so that the conplete
assenbly shall have the capabilities required, for proper operation wth
the punp specified under Section 22 10 00.00 10 VERTI CAL PUMPS, AXI AL-FLOW
AND M XED- FLOW | MPELLER- TYPE and the speed reducer specified in Section

33 45 00.00 10 SPEED REDUCERS FOR STORM WATER PUMPS.

SECTION 41 65 10.00 10 Page 7



1.2.2 Per f or mance Requi renments
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NOTE: The desi gner shoul d specify the service
requirenents for the punp drive: Continuous,

St andby, or Energency. The designer should furnish
punp nanufacturer's data including punp curves and
pl ans unl ess this specification is used in
conjunction with punp specification Section

22 10 00.00 10 as a package. The selection of the
engi ne speed should foll ow the guidance given in EM
1110-2-3105. Rated capacity should be based on the

punp nmanufacturer's recomendation
ER R R I I R R R R R I I I R R R R I I I R R R R S S I I R R R S I I I I R R I I R O I I I R R R R R I I I

Servi ce Requirenents [ Conti nuous] [ St andby] [ Emer gency]

Rat ed Capacity 110 percent maxi mum kW (hp)required from
the punp curves at specified speed plus
power required by the accessories

Overl oad Capacity 110 percent rated capacity for 2 hours
in 24 consecutive hours

Maxi mum Speed [ 1[900][1,200][1,800] RPM
[Characteristics of the punp load for the engine drive are described in the punp
curves and punp plans included in [__ ].]

Site Anbient Conditions: The site characteristics are as described in paragraph
PRQIECT/ SI TE CONDI TI ONS

1.2.3 Arr angenment

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

NOTES: The engi ne shaft can be connected to the
gear box by either a flexible coupling or universa
joint assenmbly. |In cases where the engine is |arge
or the operating floor space is linmted, a flexible
coupling woul d be nore appropriate. Mnufacturer's
recommendati ons should be solicited for arrangenent
alternatives. The designer should determ ne the
configuration of the day tank, main fuel storage

tank, and engine injection ports. If the main
storage fuel tank is the [owest point in the engine
fuel system then a punp will be required to deliver

fuel oil to the day tank

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

Each engi ne, as shown and specified, is to be used as the prinme nover for
the vertical punp.[ Connect the engine shaft to the reducer input shaft
with two universal joints and an intermediate shaft.][ Connect the engine
shaft to the reducer input shaft with a flexible coupling.] Coordinate
anong the manufacturers of the [diesel] [natural gas fuel ed] engine, gear
reducer, and the punp manufacturer to ensure the conpatibility of these
conponents including, but not linted to, the proper fit of engine and
reducer shafts, the interaction of major conponents, and control of safety

SECTION 41 65 10.00 10 Page 8




1.

and alarmsignals. Supply fuel for each engine by an individual day tank

| ocated near the engine and in accordance with NFPA 37. Fuel oil wll be
[supplied by gravity] [punped] to day tank from outside storage tanks.

Nat ural gas shall be supplied to the fuel solenoid shutoff valve to be
supplied on the engine. Use a cooling systemto nmintain engine and
lubricating oil tenperatures at the tenperatures recomended by the
manufacturer. Furnish a starting systemalong with necessary accessories
for engine start-up. Provide each engine with a conmpletely independent

| ubrication [and pre-lubrication] systemw th an engi ne-driven primary punp.

3 SUBM TTALS

EE R R R I R R I I R R R I I R R R Ok S R R I R I R I O 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 submttals
required for the project. Submittals should be kept
to the mininmumrequired for adequate quality control.

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G' if the subnittal 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 subnmittal tags nay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO' for
Resident Ofice; 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.

Rk Rk Rk R R IR R R Sk O O e S O R AR Rk R Rk O kO I R IR R I b I Rk I o

CGovernment approval is required for submttals 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
CGovernment.] The follow ng shall be submitted in accordance with Section
01 33 00 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Layout and Shop Drawings[; C[; G [____ 11
Installation[; CG[; G [ 11

Layout and shop draw ngs as specified.

SECTION 41 65 10.00 10 Page 9



As-Built Drawings[; CG[; G [___ 1]

As-built drawi ngs accurately depicting the as-built
configuration of the supplied, installed, and accepted [diesel]
[natural gas fuel ed] engi ne punp drive.

SD- 03 Product Data

Di esel Natural Gas Fueled Engine[; C[; G [_____ 11
Cooling Systen[; CG[; G [___ 1]

Equi pnent and performance data certifying that the engi ne and
cooling system function properly in the anbient tenperature
specified and provides the foll owi ng design and perfornance data:

a. The maxi num all owabl e inlet tenperature of the [cool ant
fluid] [coolant air].

b. The mninum allowable inlet tenmperature of the [cool ant
fluid] [coolant air].

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

d. The magnitude of nonitored val ues defining alarmor action
set points, and the tolerance (plus and/or minus) at which the
protective device activates the alarmor action.

e. The mninmmallowable inlet fuel tenperaturefuel supply
pressure.

f. The maxi mum i npact/dynanic load that will be transferred
fromthe engine to the structure

Manuf acturer's standard catal og data including a description and
depi ction of each engine and all ancillary equipment in sufficient
detail to denonstrate conplete specification conpliance. |If
standard catal og data does not contain sufficient detail to verify
conpliance, then subnmit suppl enentary support docunentation to
verify conpliance. Al data subnmitted shall be on the engine
manufacturer's | etterhead and signed by a representative or
of ficial of the manufacturer authorized to nake technica
representations of his conpany's products.

Dynam c Anal ysis of Engine, Punp, and Governor[; C[; G |

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

NOTE: Delete requirenent for dynam c anal ysis of
engi ne, punp, and speed reducer system if this
analysis will be performed by others.

EE I S I S I S I S I I I I I I I R I I I I I I R I I I S I I I I I R S I I I b I S I S B b I I b
Dynanmi c anal ysis with supporting cal cul ations.

Project/Site Conditions

The record of the Contractor's survey of the existing
installation site conditions and verification of site work details.

SECTION 41 65 10.00 10 Page 10



Onsite Training[; C[; G |

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEEREEEREEEEEEREEEEEEEEEEEEEEREEEEEEREEEEEESE]

NOTE: Delete video taping requirenent if not
required for training needs (See paragraph ON-SITE
TRAI NI NG) .

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

A letter giving the proposed date for conducting the onsite
training course[ and][,] the agenda of instruction [, a
description of the video taping service to be provided, and the
kind and quality of the tape].

Manufacturer's Published Instructions[; C[; G [___ 11

Posted instructions, including wiring and control diagrans
showi ng the key mechanical and electrical control elenents and a
conplete |l ayout of the entire system The instruction set shal
be weat herproof, lamnated in plastic, framed, and posted at a
| ocation as directed.

Field Engineer[; CI[; G [____ 11

Certification that the field engineer is qualified to perform
the specified functions.

Di esel Natural Gas Fuel ed Engine Punp Drive[; CG[; G [___ 11

Witten docunentation that the products being supplied are
appropriate for this engine punp drive, including past perfornmance
of the drive on certain types of service, i.e., marine generators,
punp drives, |oconotives, netal shredders, etc., with a mninum
operation of 2,000 hr per year of service with a mninumof 2
years of qualifying service. The certification of the unit's
speed, horsepower, and duty rating that forns the basis of the
qual i fying experience is required for acceptance and shall be
within 30 percent of [this drive's rating] [these drives' ratings].

Wel der Qualifications[; CG[; G [
Aletter listing the welder-qualifying procedures for each

wel der, conplete with all supporting data such as test procedures

used, what was tested to, and a list of the nanes of all welders

and their identification symbols.

Installation[; C[; G |
A copy of the nmanufacturer's installation and ali gnnment

procedures, including a detail ed description of the manufacturer's

recommended break-in procedure.

SD- 06 Test Reports
Engine[; C[; G [_____ 1]

A fully docunmented shop test report.

The field test report, docunenting all data for lubrication oi
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1

tenperature and flow, cooling [water] [air] tenperature and fl ow,
and conpliance with specified performance criteria tested during
the field tests

SD-07 Certificates
Pressure Vessels[; C[; G |

Certificates of conpliance for pressure vessels including
official, signed statenents fromthe fabricators of heat
exchangers and expansi on tanks associated with the engi ne cooling
systemcertifying conpliance with ASVME BPVC SEC VI |1 DL.

Regul atory Requirenents[; C[; G [___ 11

Certificates of conpliance for equi pnment and installation
including official, signed statenents from manufacturers and
installation Contractors. The statenents shall certify the item
and quantity supplied and either the date of shipnment or
i nstal |l ation.

SD- 10 Operation and Mai ntenance Dat a
Di esel Natural Gas Fueled Engine[; C[; G [

An QOperation and Mai ntenance Manual detailing start-up and
operating procedures, lubrication instructions, installation and
al i gnnent procedures, routine maintenance requirenents and
procedures, conplete detailed procedures for disassenbly and
reassenbly of the engine, parts list for all parts detailed,
assenbly plans of the engine showing all parts, suppliers for al
parts, settings and adjustnment for protective devices, and a list
of all tools, handling devices, and spare parts furnished.

4 VELDER QUALI FI CATI ONS

Wel di ng shall be in accordance with qualifying procedures using performance
qualified wel ders and wel ding operators. Qualify procedures and wel ders in
accordance with ASME BPVC SEC | X. Wl ding 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. Notify the
Contracting Oficer 24 hr in advance of tests, and the tests shall be
performed at the work site, if practical. The welder or wel ding operator
shal | apply the assigned synbol near each weld nmade as a permanent persona
record.[ Structural menbers shall be welded in accordance with Section

05 05 23 VEELDI NG STRUCTURAL.][ Welding and nondestructive testing
procedures for pressure piping are specified in Section 43 02 00 VELDI NG
PRESSURE PI PI NG ]

.5 REGULATORY REQUI REMENTS

.5.1 Cener al

Design, fabrication, and installation of the equi pment shall conformto the
[specified] [applicable national, state, and | ocal] codes. Submt
docunent ati on for conformance accordi ng to paragraph SUBM TTALS
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1

1

5.2 Layout and Shop Draw ngs
Submit | ayout and shop draw ngs including the follow ng:

a. Base-nopunted equi pnent, conplete with base and al
attachnents including anchor bolt tenplate and recommended
cl earances for mai ntenance and operation

b. Conplete starting system

c. Conplete fuel system

d. Conplete cooling system

e. Conplete intake and exhaust systens.

f. Layout of relays, breakers, switches, and instrunentation
provi ded and applicable single Iine and wiring diagrams with a
written description of the sequence of operation.

g. Lubrication system conplete including piping, punp(s),
strainers, filters, [heat exchangers for lube oil and turbocharger
cooling], [electric heater], controls, and wiring.

h. Location, type, and description of vibration isolation
devices for all applications.

i. The safety system together with a detailed description of
its operation. Wring schematics, safety devices with a listing
of their nornal ranges, alarm and shutdown val ves (to include
operation paraneters such as pressures, tenperatures, voltages,
currents, and speeds) shall be included.

j. Layout of the engine control panel and al arm panel

k. Munting and support for each panel and najor piece of
el ectrical equipnent.

. Engine lifting points and rigging instructions.

m Alignment information for the engine, [gear box] and [ punp]
speci fyi ng sequences, tol erances, and tenperature change effects.

6 DELI VERY, STORAGE, AND HANDLI NG

Protect material and equi pnent from weather, humdity, tenperature
variation, dirt, dust, and other contami nants during delivery and storage.
Lifting, noving, and storage of the engine shall be in accordance with
manuf acturer's requirenents.

7 PRQIECT/ SI TE CONDI TI ONS

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

NOTE: The desi gner shoul d specify the anbient
condi tions where the engine drive will be
installed. Mximumand mininumair tenperature is
determ ned by | ocation. For indoor installation
use i ndoor design naxi mum and m ni nrum t enper at ur es.
For outdoor installations use the 99-percentile
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sel ection from ASHRAE Gui de application tables for

the installation | ocation
EIR IR I b R R I S I I IR I I I I I R R S b I IR I IR I I IR I R I S I I I I I I R R I S I b b E b b I I I b I b b b b b 3 I I I b b b I

Maxi mum Air Tenperature [[___ ] degrees CF

M nimum Air Tenperature [[___ ] degrees CF

Raw WAt er Tenperat ure Max. [___ ] degrees CF
Mn. [__ ] degrees CF

Installation Elevation [ ] mft above sea |l eve

1.8 MAI NTENANCE

1.8.1 Extra Materials

Rk bk kIR R R I kO e S R R Rk Rk R R R O O kS I O I R R R

NOTE: Spare parts to be furnished under this
contract should be specified here. The designer is
responsi ble for determ ning and providing a |ist of
spare parts requirenents. The following is a

partial list:
EE IR R I Sk S S O kS I R R R Rk I I S Sk S I I Sk I R R Rk S S I S S O kS R I

Furni sh the followi ng mninumspare parts when applicable to the type of
engi ne proposed.

UNI TS DESCRI PTI ON

[ ] | Conplete engine cylinder head(s) and valve set, etc. (if applicable)
[ ] | Conplete valve set(s) for one cylinder with springs, cages, etc.
[ ] |C&ylinder liner(s) with all necessary water seal rings

[ ] | Conplete piston(s) with rings and connecting rod assenblies

[ ] |Wist pins with retaining rings and wist pine bearing shells
[ ] | Conplete set(s) of piston rings for one engine

[ ] | Conplete set(s) of main bearing shell of each size and type for

the crankshaft of each engine rating supplied

[ ] | Crankpi n bearing shell for each crankshaft of each engine rating
suppl i ed

[ ] | Conpl ete fuel injector nozzle assenbly and fuel injector punp
assenbl y
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UNI'TS DESCRI PTI ON

[ ] |Air start notor (if applicable)

[ ] |Air start check valve (if applicable)

[ ] | Conpl ete gaskets set for one engine

[ ] Ref@lls, with storage box, for all lubricating oil filters for each
engi ne

[ ] |Refills, with storage box, for all fuel oil filters for each engine

[ ] | Spare lubricating oil circulating punp assenbly

[ ] | Jacket water punp

[ ] | Pre-lube oil punmp and notor assenbly (if applicable)

[ ] | Pressure transducer(s)

1.8.2 Speci al Tool s

Provi de one conpl ete set of special tools required for maintenance.
Speci al tools are those that only the manufacturer provides for specia
pur poses or to reach otherw se inaccessible parts. The tools shall be
supplied conplete with a suitable tool box.

PART 2 PRODUCTS
2.1 MATERI ALS AND EQUI PMENT
2.1.1 St andard Products

Provide material s and equi pment, conprising the engine drive system which
are the standard products of manufacturers regularly engaged in the
production of dieselnatural gas fuel ed engi ne punp drives and that
essentially duplicate products which have been used satisfactorily for at

| east two years prior to bid opening. An offer proposing an experinental
engi ne, one having a | esser or greater nunber of cylinders than the

of ferers' standard production engi nes, or one w thout a denonstrated
satisfactory service record as a full dieselnatural gas fuel ed engine
operating not |less than 1,200 hr a year at not |less than 75 percent rated
|load, will be rejected. Al products shall be new

2.1.2 Nanepl at es

Provi de each maj or conponent with the manufacturer's nanme, address, type or
style, model or serial nunber, and catal og number on a plate secured to the
equi pnent. As a mninmum nanepl ates shall be provided for the follow ng
itens:

a. Engines

b. Punps and punp notors
c. Radiators

d. Heaters
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2.

2.

e. Exhaust nufflers
f. Heat exchangers
g. Day tanks

1.3 Personnel Safety Devices

Insul ate, fully enclose, guard, or fit with other types of safety devices
al | exposed noving parts, parts that produce high operating tenperatures,
parts which nmay be electrically energized, and parts that may be a hazard
to operating personnel. Install the safety devices so that proper
operation of the equipnent is not inpaired.

.2 MATERI ALS

2.1 Filter El ements

Provide fuel-oil, lubricating-o0il, and conbustion-air filter elenents which
are the manufacturer's standard type and able to filter out particles down
to a 25 to 40 micron size, unless otherw se noted.

. 2.2 Pi pe (150 psi System and Under)

Pi pe for sleeves, fuel/lube-o0il, conpressed air, coolant, exhaust, and

m scel | aneous uses shall conply with ASTM A 53/ A 53, or ASTM A 106/ A 106N
steel pipe. Pipe snmaller than 50 mm 2 inch shall be Schedule 80. Pipe 50
mr 2 inch and | arger shall be Schedul e 40.

a. Flanges and flanged fittings: ASTM A 181/ A 181N, C ass 150, or
ASME B16. 5.

b. Pipe welding fittings: ASTM A 234/ A 234N, G ade WPB or WPC, O ass
150 or ASME B16. 11, 1360.7 kg 3,000 | bs.

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

e. Gaskets: nmmnufacturer's standard.

. 2.3 Tenperature Gauges for G| or Water Service

Manuf acturer's standard flush-nmounted, 100 mv 4 inch m ni mum di aneter dial
size with standard operating point at 50 percent of the full gauge range.
Gauge construction and materials shall be appropriate for the intended
servi ce.

. 2.4 Pi pe Hangers

M5S SP-58 and MSS SP-69

.2.5 Pressure Gauges

Manuf acturer's standard flush nmounted, 100 mv 4 inch mininmum dial di aneter
with standard operating point at 50 percent of the full gauge range. Gauge
construction and naterials shall be appropriate for the intended service.

3 DI ESELNATURAL GAS FUELED ENG NE

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O
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2.

NOTES: Specify the fuel type if different than No
2 diesel. The rating of the equi prment should be in
accordance with SAE standards. |If the facility is
| ocated bel ow 457 m (1,500 ft) in elevation above

sea |level and the intake air tenperature is under 38
degrees C (100 degrees F), then de-rating is not
required.

Natural ly aspirated engines are avail able to about
1,500 kW continuous. Turbocharged engi nes are
generally available from50 to 350 kW conti nuous.
Tur bochar ged- af t er cool ed engi nes are generally
avai l abl e from 200 kWto over 4,000 kW conti nuous.
Engi ne suppliers should be contacted for
recomendat i ons regardi ng the appropriate engi ne
based on the application.

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

3.

Engi ne fuel

1

a. The engine shall be a full diesel, 2 or 4 cycle,
conpression-ignition type, for stationary applications and shal
operate on No. 2-D diesel fuel conforming to ASTM D 975. The engi ne

shall be naturally aspirated, turbocharged, or turbocharged-aftercool ed.

a. The engine shall be a natural gas fueled, 2 or 4 cycle, spark
ignition type, for stationary applications and shall operate on
standard pipeline natural gas. The engine shall be naturally aspirated
or turbocharged-aftercool ed.

b. The engine rating shall be as specified in paragraph PERFORMANCE

REQUI REMENTS. The engi ne shall be of the vertical in-line, vee, or
opposed- pi ston type, with a solid cast block or individually cast
cylinders. Opposed-piston engines shall have no | ess than four

cylinders. Engines shall be current
producti on and shall be conplete with al
furni shed with the engine.

nodel s of a type in regular
devi ces specified or normally

Fuel Consunption

consunption shall not exceed the following maximumlimts based

on the conditions |isted bel ow

SI ZE RANGE PERCENT OF RATED FUEL USAGE
NET kW FULL LQAD kg/ kWhLbs/ bhp- hr
100 - 299 75 - 100 0. 2720. 447
300 - 999 75 - 100 0. 2610. 429
1,000 - 2,500 75 - 100 0. 2430. 400
Condi tions:
a. 45 M/ kg 19,350 BTU pound heat val ue for fuel
b. Sea |evel operation
c. Intake air tenperature not over 32 degrees C 90 degrees F
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d. Intake air baronmeter pressure not |less than 95.7 kPa 28.25 inch of

nercury.
S| ZE RANGE PERCENT OF RATED FUEL USAGE
NET kW FULL LOAD kJ/ kWbt u/ bhp- hr
100 - 299 75 - 100 12, 3408, 700
300 - 999 75 - 100 11, 3258, 000
1,000 - 2,500 75 - 100 11, 3258, 000
Condi ti ons:

a. Based on 118 octane natural gas with a heat val ue of 33,500 kJ/ nB
900 btu/ft3.

b. Sea | evel operation.

c. 25 degrees C 77 degrees F anbient air tenperature at 30 percent
relative humdity.

d. 100 kPa 29.53 inch of mercury baroneter pressure.

2.3.2 Crankcase Pressure Relief Valve

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

NOTES: Engines larger than 20 kW (27 hp) shal
utilize a pressure relief valve on the crankcase to
relieve primary crankcase expl osions. The crankcase
pressure relief valve vents quickly and then reseats
to prevent return of air and to protect against
secondary expl osions. The plans should show the
crankcase pressure relief valve vent piping on

i ndoor engi ne installations.

Rk Rk R IR R R I kO ke S O I AR R R R Rk O O R R R S I R I R Rk Rk o

A pressure relief valve shall be provided in the crankcase. The crankcase
shall be vented in accordance with the manufacturer's recomendati ons,
except the engi ne exhaust shall not be used as the venting system
Crankcase breathers, if provided on engines installed in either a building
or enclosure, shall be piped to vent to the outside. |If the engine is

| ocat ed outside, the crankcase breather shall be fitted with a goose-neck
to prevent rain entry.

A pressure relief valve shall be provided in the crankcase. The crankcase
shall be vented in accordance with the manufacturer's reconmendati ons.
Crankcase breathers using the venturi effect of the exhaust systemw || be
al  owed only when designed, installed, and provided directly fromthe
engi ne manufacturer. Qherw se, the crankcase shall be vented to the
outside and fitted with a goose neck to prevent rain entry.

2.4 FUEL SYSTEM

The fuel systemfor each engine shall conformto requirenents of NFPA 30
and NFPA 37. The fuel systemshall include the follow ng itens.
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2.

4.1 Fuel Pump

Each engi ne shall be provided with an engi ne-driven, positive displacenent
engi ne fuel punp. The punp shall have the capacity to transfer fuel from
the day tank at a rate in excess of maxi mum fuel consunption stated in

par agraph FUEL CONSUMPTI ON, as wel | as supplying adequate pressure for the
fuel injectors.

Each engi ne shall be provided with a fuel solenoid shutoff wired to a
shut down system and a fuel pressure regulator supplied by the engine
manuf acturer to control the fuel over air mxture to the engine. The fue
supply pressure available at the siteis [ ] kPai nch H20. The engi ne
fuel system design shall be adequate to power to 110 percent | oad at the
site fuel supply pressure as stated above.

.4.2 Filter

A mnimum of one duplex filter with a trans-flow change-over valve shall be
supplied for each engine. The filter shall have inlet and outl et
connections plainly marked. An indicating differential pressure gauge
shal | be provided across the filter. The filter shall be located on the
inlet side of the fuel punp. The filter shall be capable of filtering out
particles down to 25 mcron size

Each engine shall be provided with a fuel filter |ocated upstream of the
fuel solenoid shutoff to filter 100 percent of the incom ng gas. The
filter shall have inlet and outlet connections plainly marked. An
indicating differential pressure gauge shall be provided across the
filter. The filter shall be capable of filtering out particles down to 5
m cron size

.4.3 Strai ner

A full flow strainer of the replaceable cartridge type shall be provided
bet ween the engine and the fuel tank, upstream of the duplex filter. An
indicating differential pressure gauge shall be provided for upstream and
downstream of the strainer. The strainer cartridge shall be capable of
filtering out particles down to 125 micron size.

4.4 Fuel Gas Conpressor

Where the basic engine fuel system design requires fuel pressures above
that available at the site, a fuel gas conpressor is required. This fue
gas conpressor shall be selected and certified by the engi ne manufacturer
to conply with both these specifications and the requirenments of the engine
throughout its load range and up to 110 percent | oad. The fuel gas
conpressor shall be packaged on the sane skid as the engine with a fully

pl unbed fuel system providing one point for fuel connection and junction
boxes as required for electrical connections.

.4.5 Safety Bypass Val ve

A safety bypass val ve shall be provided next to the punp isolation valve to
prevent the buil dup of excessive pressures if the discharge |ine or fue
punp filters beconme clogged. This bypass shall protect the fuel piping
fromover-pressurizing and will relieve it at [ ] kPa psi. The bypass
valve relief line shall return the fuel to the engine day tank
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2.4.6 Day Tank
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NOTE: See NFPA 37 and NFPA 30 for day tank
restrictions on allowable day tank sizes. The day
tank should be located in close proximty to the
engine to avoid exceeding the total suction head
capabilities of the engine-driven fuel punp
(paragraph FUEL PUWMP). Nomi nal suction head
capabilities of typical engine-driven fuel punps are
in the range of 2.75 to 3.65 m(9 to 12 ft).

Del ete this paragraph in its entirety if natural gas

fuel ed engi nes are specified.
EE IR I S bk S S I S S S S R Sk kI Sk kI R Sk S Ik kS S I kR Sk I S O

Each engi ne shall be provided with a day tank | ocated next to the engine.
Each day tank shall be fitted with a fuel supply line, fuel return |ine,
local fuel fill port, direct reading liquid level indicator, vent, fill
[imt float switch assenbly for automatic control of the fuel oil transfer
punp (if provided), alarmlevel sensing device, and a drain line. A fue
return line cooler shall be provided, if recommended by the engine
manufacturer. FEach day tank shall have [a [__ ] L gal capacity]
[capacity sufficient to supply the engine wthout interruption for 2 hr]
[capacity sufficient to supply the engine for [__ ] hr continuously at
100 percent rated | oad wi thout being refilled].

2.4.6.1 Drai n Line

Each day tank drain line shall be equipped with a shutoff valve and be
arranged to allow drainage into 220 L 55 gal druns.

2.4.6.2 Local Fuel Fil
Each local fill port shall have a [screw on cap][hinged, fill cap]. An air
vent with brass screen shall be provided so that the day tank does not
devel op a vacuum |l eading to the coll apse of the day tank as the system
enpti es.

2.4.6.3 Fuel Level Limt Devices

a. FEach day tank shall be provided with a fill level float swtch
assenbly device to:

(1) Initiate refueling of the day tank at the [ ow | evel nark,
(e.g., 30 percent vol unme renaining).

(2) Stop refueling of the day tank at the high level mark, (e.g.
90 percent vol une).

b. Each day tank shall be provided with a separate |evel-sensing

device to activate alarns at day tank overfill and day tank enpty. Day
tank enpty shall indicate at 20 percent volune renmi ning. Day tank
overfill shall indicate at 95 percent volune. See paragraph ALARM

PANEL for further function requirenents.
2.4.6.4 Redundant Fuel Shut of f

To stop fuel flow to the day tank, an automatic shutoff valve shall be
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provided on the fill line of the day tank and an automatic safety device
shal | be provided to stop the punp supplying fuel to the day tank. The

val ve and the safety device shall be activated at the overfill |evel as

defined in paragraph SAFETY SYSTEM and shall respond before any fuel is
forced out of the fuel overflow line

2.4.6.5 Arrangenent

The day tank shall be positioned and arranged so that fuel level in the day
tank at the day tank enpty |evel is above the suction port of the

engi ne-driven fuel punp. The day tank overfl ow connection shall be

posi tioned and arranged so that the highest possible fuel |evel in the day
tank is below the fuel injectors. The fuel supply line fromthe day tank
to the engi ne connections shall be wel ded steel pipe. A water drain shal
be provided at the | ow point of the day tank

2.4.7 Fuel Supply System

The di esel fuel supply fromthe nmain diesel fuel storage to the day tank
shal |l be as specified in Section 33 56 10 FACTORY- FABRI CATED FUEL STORAGE
TANKS. The natural gas fuel supply system shall be as specified in Section
33 51 15 NATURAL- GAS/ LI QUI D PETROLEUM GAS DI STRI BUTI ON and Section 23 11 25
FACI LI TY GAS PI PI NG

2.4.8 Mai n Fuel Storage Tank

Rk Rk S kR R Rk O kR A S R S O o O O R R R Rk o

NOTE: The location of this tank is inportant for
day tank draining and day tank fuel supply. The
appropriate type and | ocation should be determ ned
by costs and operational requirenments and shoul d
follow |l ocal, state, and Federal Environnental
Protection Agency regul ations, Section 33 56 10 and
NFPA- 30.

R R R I R I I R R I R R I R R I R I R R I R R R R R R R R I

The main fuel storage tank is specified in [Section 33 56 10
FACTORY- FABRI CATED FUEL STORAGE TANKS][_ ].

2.5 LUBRI CATI ON
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NOTE: Delete the adjustable requirenment for
pressure regul ation on the pressurized | ube oi
system for engines smaller than 1,000 kW (1, 350 hp).

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

Each engi ne shall have a separate |ube-oil systemconfornmng to NFPA 30 and
NFPA 37. Each system shall be pressurized by engi ne-driven punps.[ The
system pressure shall be adjustable and regul ated as recommended by the
engi ne manufacturer.] A sunp tank shall be furnished as required. The

| ube-o0il punp shall draw oil fromthe oil pan or sunp tank through a nmesh
intake strainer and force it through a lubricating oil cooler and a single
or duplex full-flow strainer into the engine. The punp shall be protected
by a relief valve to bypass the oil into sunp. A portion of the oil from
the sunp shall be bypassed through a lubricating oil filter and back into
the engine oil pan or sunp. The lubricating oil tenperature shall be
regul ated by nmeans of an automatic tenperature regulator which will contro
the anmobunt of bypass oil around the cooler. The systemshall be readily
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accessi bl e for service such as draining or refilling. Each system shal
permit the addition of oil and have oil-level indication with the set
operati ng.

2.5.1 Pump Filters

One full-flow, duplex, 80 micron filter shall be provided for each punp.
The filter shall be readily accessible and capabl e of being changed wit hout
di sconnecting the piping or disturbing other conmponents. The filter shal
have inlet and outlet connections plainly marked. An indicating
differential pressure gauge shall be provided across the filter.

2.5.2 Lube-GO | Sensors

Each engi ne shall be equi pped with lube-o0il tenperature and pressure
sensors. Tenperature sensors shall provide signals for pre-high and high
| ube-oil indication and alarns. Pressure sensors shall be |ocated
downstream of the filters and provide signals for pre-low and | ow | ube- oi
i ndi cation and al ar .

2.5.3 Lubricating G| Strainer

A full-flow, oil strainer shall be furnished in-line, ahead of the engine.
The strainer shall be as recommended by the engi ne nmanufacturer. A bottom
drain plug shall allow easy renoval of the sludge.

[2.5.4 Pre-Lubrication G| Punp
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NOTE: Nornally, engine size greater than 350 kW
(470 hp) and engines with a period in excess of two
weeks between operations require pre-lubrication

If pre-lubrication is required, utilize this

par agr aph

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

The pre-lubricating oil punp shall have a capacity and head rating as
recomrended by the engi ne manufacturer. The punp shall incorporate a
built-in relief valve and be directly connected to an electric notor with
the notor-punp assenbly nounted on a common case iron or steel base. The
punp shall be furnished conplete and ready for operation with all controls
inclusive. The pre-lubrication punp shall conpletely fill the engine oi
lines and establish lubricating oil pressure prior to starting. The punp
not or shall be in accordance with the requirements of paragraph MOTORS

12.6 COOLI NG SYSTEM

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

NOTE: There are three basic types of engine cooling
systens available. These are systens using
liquid-to-air heat exchangers (radiators) or cooling
towers, systens using liquid-to-liquid heat
exchangers (systens using shell and tube, plate and
franme heat exchangers) and systens using subnerged
pi pe systenms. No matter which systemis specified,
engi ne outlet water tenperature should be kept
constant, and the differential between inlet water
to outlet water of the cooling systemshould be kept
at about 8 degrees C (15 degrees F). The radiator
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2.

requires forced air through the heat exchanger
causi ng hi gher noise levels. For an indoor
application, the radiator can be | ocated outside
with a higher pressure punping systemto deliver the
required flow to the radiator. The radiator should
be nounted less than 15 m (50 ft) above the engine
to avoid | eakage at the engi ne water punp seal

When t he approach between cool ant and air
tenperatures is under 15 degrees C (27 degrees F),
towers becone nore economnmical. A surrounding clean
environnent is required with towers due to the
openness of the design. The shell and tube heat
exchanger requires an expansion tank to renove air
fromthe system The raw water supply system shoul d
be cl osely coordi nated when applying a shell and
tube heat exchanger

Cooling towers have limting working ranges and can
be applied successfully only in certain climates.

The subnerged pi pe cooling systemrequires a |large
quantity of raw water and an expansi on tank
Factors for considerati on when eval uati ng cooling
systens include engine size, space limtations,
accept abl e noise levels, raw water supply,

mai nt enance, operational requirements, and system
operating costs. Engine suppliers should be
contacted for assistance in selecting the
appropriate cooling systemfor the application
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a. FEach engine shall have its own cooling system The system shall be
of the closed type and operate automatically while the engine is
runni ng.

b. The cooling systemshall have an engi ne-driven water punp,
[fin-tube radiator,] [cooling tower,] [renptely mounted fin-tube

radi ator,] [shell-tube heat exchanger, expansion tank,] [plate and
frame heat exchanger, expansion tank,] [subnerged pipe, expansion
tank,] and an autonmatic tenperature regulating valve. The naxi mum
tenperature rise of the coolant across each engi ne shall not exceed the
engi ne nanufacturer's recomendati on as submitted in paragraph

SUBM TTALS.

c. The engine cooling systemshall be of the closed type arranged to
prevent rust and mininze formati on of scal e deposits within the
engine. The systemshall circul ate jacket-coolant through the engi ne
at the tenperature and flow rate recommended by the engine

manuf acturer. The cool ant shall be an ethyl ene-glycol water mxture
with a concentration sufficient for freeze protection at the m ni mum
out door tenperature specified. The maxinumtenperature rise of the
cool ant shall be no nmore than that reconmended and subnmitted in

par agr aph SUBM TTALS.

6.1 Cool ant Punps
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NOTE: Delete rawwater punp option for closed-Ioop
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syst ens.
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Engi ne-driven jacket water punps shall be of the centrifugal type.]|

Raw wat er centrifugal circulating punps shall be [electric notor driven
equi pped wi th nmanual -of f-automatic controllers] [engine driven].] Each
engi ne shall have an engi ne-driven prinmary punp. Secondary punps shall be
electric notor driven and have automatic controllers. The punp shall be a
bronze fitted, single stage type with renovable seal rings and stuffing box
and properly sized for the intended purpose.

2.6.2 Radi at or
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NOTE: Radi ator location and nounting details should
be shown on the plans. An electric notor-driven fan
is provided on renptely |l ocated radiators to
circulate air across the radiator. The fan should

operate when the engi ne operates.
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Each radiator shall be sized to linmt the nmaxi mum all owabl e tenperature
rise on the coolant across the engine to that recomrended and submitted in
par agraph SUBM TTALS, for the maxi mum outdoor design tenperature and site
el evation. Radiator fabrication materials shall be corrosion resistant and
suitable for service in the anmbient application conditions. The radiator
may be factory coated with corrosive resistant film provided that
corrective neasures are taken to restore the heat rejection capability of
the radiator to the initial design requirenent via over-sizing or other
conpensating nmethods. Internal surfaces shall be conpatible with liquid
fluid coolant used. Materials and cool ant are subject to approval by the
Contracting Officer. Radiators shall be the pressure type incorporating a
pressure val ve, vacuum val ve, and a radi ator cap. Radiator caps shal
provide for pressure relief prior to renmoval. Each radiator and the entire
cool i ng system shall be capable of wi thstanding a m ni mum pressure of 48.4
kPa 7 psig. Each radiator shall be protected with a strong grille or
screen guard. Radiators shall have at |east two tapped holes. One tapped
hole in the radiator shall be equipped with a drain cock; the rest shall be
pl ugged. [The renote |ocated radiator shall be provided with an electric
notor-driven fan. The fan shall be wired to operate when the engine
operates. |

[2.6.2.1 Shel | and Tube Heat Exchanger

The heat exchanger shall be a nmultiple pass shell type with renovabl e
U-tube bundles to facilitate cleaning and retubing. The heat exchanger
shal |l be of sufficient capacity to cool the engine with [ ] degrees C F
i nput cooling water. The heat exchanger shall operate with | ow tenperature
water in the shell and high tenmperature coolant in the tubes. Exchangers
shal | be constructed in accordance with requirenments of

ASME BPVC SEC VIl D1 and certified with an ASME stanp secured to the heat
exchanger. Shells shall be constructed with seam ess steel, wel ded steel,
or cast iron. Tubes shall be either cupronickel or inhibited adniralty,
neeting requirenents of ASTM B 395/B 395N, suitable for the tenperature and
pressure specified. The shell side and tube side of the heat exchanger
shal | be designed for 1.03 MPa 150 psig working pressure and factory tested
at 2.06 MPa 300 psig. High tenperature, |ow tenperature, and pressure
relief connections shall be |ocated in accordance with the nmanufacturer's
standard practice. Coolant pressure |oss through clean tubes shall be as
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reconmended by the engi ne manufacturer. M nimum cool ant velocity through
the tubes shall be at |east 300 nm sec 12 inch/sec and sufficient to assure
turbulent flow One or nore pressure relief valves shall be provided for
each heat exchanger in accordance with ASME BPVC SEC VIII D1. A drain
connection with a 19 mr 3/4 inch hose bib connection shall be installed at
the | owest point in the systemnear the heat exchanger.

1[2.6.2.2 Pl ate and Frane Heat Exchanger

The heat exchanger shall be a nultiple pass type with renpvable plates to
facilitate cleaning. The heat exchanger shall be of sufficient capacity to
cool the engine with [ ] degrees C F input cooling water. Heat
exchangers shall be constructed in accordance with ASVE BPVC SEC VIII| D1
and certified with an ASME stanp secured to the heat exchanger. Materials
selected for the plate and franes shall be appropriate for the service
required. High and | ow tenperature and pressure relief connections shal
be located in accordance with the manufacturer's standard practice. Water
pressure | oss through clean plates shall be as recomended by the engi ne
manufacturer. One or nore pressure relief valves shall be provided for
each heat exchanger in accordance with ASME BPVC SEC VIII D1. A drain
connection with a 19 m 3/4 inch hose bib connection shall be installed at
the |l owest point in the systemnear the heat exchanger.

1[2.6.2.3 Cool i ng Tower

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

NOTE: The maxi mum out door design tenperature

cool ant tenperature, and availability of water are
critical to the proper selection of the appropriate
cooling tower. Applicable ASHRAE gui des shoul d be
consul ted for application guidance.

Rk Ik Sk kR IR R R I O O e S S R Rk Rk S R Rk Ok kS I O I b R R Rk

Size the cooling tower to limt the maxi mum all owabl e tenperature rise in
the cool ant across the engine to that recomended by the engi ne
manufacturer. The Contractor is responsible for the proper selection of
syst em conponents based on the site conditions and the [diesel] [natura
gas fuel ed] engine punp drive[s] used. Internal and external materials
shal | be appropriate for the heat used. Use cooling towers in conjunction
with a liquid-to-liquid heat exchanger to keep the engine cooling in a
closed | oop with conditioned coolant. Furnish the cooling tower as a

conpl ete operating systemwith a liquid-to-liquid heat exchanger, a surge
tank, an auxiliary water punp, necessary filters in the water return |ines,
and interconnecting piping and isolation valves as required for naintenance
and operati on.

1[2.6.2.4 Subrer ged Pi pe

EE R R R kR S I R R R I I O R R R R O S R R R I R I R I O R I R I

NOTE: Protection for the subnerged pipe or coi
shoul d be considered. The pipe or coil should be
kept out of nud or silt and away fromthe bottom of
the cooling pond to ensure naxi mum efficiency.

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

The pipe or coil shall be of sufficient length to cool the engine at the
specified raw water tenperature. The piping materials shall be as
specified in paragraph PIPE. The pipe installation shall be as specified
i n paragraph PlIPI NG | NSTALLATION. The pipe fromthe return bend shal
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al ways slope up to prevent air locks in the system A drain plug shall be
furni shed at the | owest point of the system The system shall be connected
so that the jacket water flows fromthe engine to the cooling coils and

then to the expansion tank before returning to the jacket water punp inlet.

12.6.3 Thernostatic Control Valve

A nodul ating type, thernostatic control valve shall be provided in the
cool ant systemto maintain the engine coolant tenperature in the range
submitted i n paragraph SUBM TTALS

2.6.4 Duct wor k

The ductwork shall be as specified in [Section 23 00 00 AlR SUPPLY,

DI STRI BUTI ON, VENTI LATI ON, AND EXHAUST SYSTEM [__ ] except that a

fl exi ble connection shall be used to connect the engine radiator. Materia
for the connection shall be wire-reinforced fiber glass. The connection
shall be airtight.

2.6.5 Tenperature Sensors

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

Each engi ne shall be equi pped with cool ant tenperature systens for both the
j acket water system and the intercool er systemwhen the engine is
t ur bochar ged

2.6.6 Expansi on Tank

Rk Ik Sk kR IR R R I O O e S S R Rk Rk S R Rk Ok kS I O I b R R Rk

NOTE: Size of the expansion tank at |east 15
percent of the coolant volune in the total systemto
take care of expansion.

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

An expansion tank of not less than [__ ] L gal shall be furnished for
each engine. The tank shall be properly fitted for vent, overflow,
expansi on, and make-up lines. The tank shall be suitable for an operating
tenmperature of 121 degrees C 250 degrees F and a working pressure of 860 kPa
125 psig. The tank shall be constructed of wel ded steel, hot-dipped
gal vani zed inside and outside after fabrication, tested, and stanped in
accordance with ASME BPVC SEC VIl Dl and registered with the Nationa
Board of Boiler and Pressure Vessel Inspectors. The tank shall be mounted
so that the bottomof the tank is above the top of the engine. The tank
shal | be supported by steel |egs or bases for vertical installations or
steel saddles for horizontal installation.

2.7 SPECI AL LI M TATI ONS

2.7.1 Sound Limtations

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

NOTE: The noise linmts shall conformto applicable
| ocal and OSHA codes. The designer is responsible
for determ ning code noise limt requirenents for
specific site applications. Specific infornmation
regardi ng applicable noise linmts should be inserted
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in this section. Site specific requirenents and
limtations are key conponents in the criteria
selection. Generally, the nost cost effective
approach is to use hearing protection in conjunction
with building and roominsulation to control noise.

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

.7.2 Vibration Isolation and Seismc Restraints

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

NOTE: Provide seismc requirenments and show details
on the drawings if the Government designer (either
Corps office or AVE) is the Engi neer of Record.

Del ete the bracketed phrase in the |ast sentence of
this paragraph if seisnmic details are not provided.
Pertinent portions of UFC 3-310-04 and properly
edited Sections 13 48 00 and 22 05 48.00 20 nust be
i ncluded in the contract docunents.

Rk Rk R IR R R I kO AR Rk R Rk kO kO I IR I O I bk S A R R

The nmaxi mum engi ne vibration in the horizontal, vertical, and axia
directions shall be linted to 0.15 nm 6 nmils peak-peak RM5, with an
overall velocity limt of 24 mm sec 0.95 inch/sec RVB.[ A

vi bration-isolation systemshall be installed between the floor and the
base. The vibration-isolation systemshall [imt the nmaxi mum vibration
transmtted to the floor at all frequencies to a maxi num of | ] ]
peak force.][ The engine shall be provided with a vibration-isolation
systemin accordance with the nanufacturer's standard practice.]

Vi bration-isolation systens shall be designed and qualified (as an integra
part of the base and mounting system) to the seisnic forces specified.
VWhere the vibration-isolation system does not secure the base to the
structure floor or unit foundation, seismc restraints shall be provided in
accordance with UFC 3-310-04 SElI SM C DESI GN FOR BUI LDI NGS and Secti ons

13 48 00 SEI SM C PROTECTI ON FOR M SCELLANEQUS EQUI PMENT and 13 48 00.00 10
SEI SM C PROTECTI ON FOR MECHANI CAL EQUI PMENT[ and as shown on the draw ngs].

. 8 Al R | NTAKE EQUI PVENT

Filters and silencers shall be provided in |ocations that are conveni ent
for servicing as shown on the project plans. The silencer shall be of the
hi gh-frequency filter type, located in the air intake system as recommended
by the engi ne manufacturer. A conbined filter silencer unit meeting
requirenents for the separate filter and silencer itenms may be provided.
Expansi on el enents in air-intake lines shall be [copper][rubber].

.9 EXHAUST SYSTEM

The system shall be separate and conpl ete for each engi ne. Exhaust piping
shal | be supported to minimze vibration. Provisions shall be made for
pi pe thermal expansion. Were a V-type engine having nore than one exhaust
outlet is provided, a V-type connector, with necessary flexible sections
and hardware, shall connect the engi ne exhaust outlets. The exhaust
connectors shall incorporate engine-mating and sil encer-nmating flanges,
elimnating the need for adapters. The nuffler and exhaust piping together
shal | be capabl e of reducing the noise |level at the exhaust discharge

| ocation to a point below the maxi num sound | evel s specified in paragraph
SOUND LI M TATIONS, at a distance of [ ] mft fromthe end of the
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exhaust piping directly along the path of discharge for horizonta

di scharged exhaust; or at a radius of [__ ] mft fromthe

muf f | er/ di scharge piping, at 45 deg apart in all directions, for vertically
di scharged exhausts, with the engine operating at 100 percent of service

| oad.

.91 Fl exi bl e Sections and Expansi on Joints

A flexible section shall be provided at each engi ne and an expansion j oi nt
at each muffler. Flexible sections and expansion joints shall have flanged
connections. Flexible sections shall be multiple-ply stainless stee
expansi on bellows type with standard 38 and 76 mm 1.5 and 3 inch all owabl e
axi al expansion. Elenments in the flexible sections shall be capabl e of
absorbing vibration fromthe engi ne and conpensating for thermal expansion
and contraction.

.9.2 Exhaust Muffl er

EE IR R R I R R I I R R R I I O R R R R Ok S R R R R R I R I I O R O

NOTE: Muffler locations and nountings should be
shown on the plans. The designer should consider
the use of first cost versus life-cycle cost

anal ysis to determ ne the appropriate netal to use.
Stainl ess steel Series 321 and al um ni zed stee
shoul d be considered in lieu of painted stee

materi al s.
EIR IR R R R S I S I I R I I I I I R R S I I R I R IR I I I R I I I I I I R I I I I b I I b I b I I I b I b b b b b S b I b I b b b I

A chanber type exhaust nuffler shall be provided. The nuffler shall be
fabricated of wel ded steel and designed for [outside] [inside] [vertical]
[horizontal] mounting. Eyebolts, lugs, flanges, or other items shall be
provi ded as necessary for support of the nuffler in the |location and
position indicated on the plans. The pressure drop through the nuffler
shal | not exceed the recommendati ons of the engine manufacturer. Qutside
nmuf fl ers shall be fabricated from[alumnized steel] [stainless steel].
The nmuffler shall have a drain valve, nipple, and cap at the | ow point of
the muffler. The muffler shall be supplied conplete with any necessary
soot boxes or inspection ports required for adequate operation and

mai nt enance. The entire exhaust system shall be sized appropriately so
that the operation of the engine is not affected by the exhaust system

. 9.3 Exhaust Pi pi ng

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

NOTE: Exhaust piping should be sized at a gas
velocity of less than 25.4 nip sec (5,000 fpm. The
exhaust piping location and routing should be shown
on the plans.

EE R R R kR S I R R R I I O R R R R O S R R R I R I R I O R I R I

Hori zontal sections of the exhaust piping shall be sloped downward away
fromthe engine to a condensate trap and drain valve. Changes in direction
shall be nade utilizing long radius fittings. Exhaust piping not covered
in this paragraph shall be run in accordance w th paragraph Pl PI NG

| NSTALLATI ON.  Exhaust piping, nufflers, and silencers shall be insul ated
with ASTM C 533 calciumsilicate insulation, mnimmof 75 mr 3 inch

thi ckness or an appropriate thickness to limt the surface tenperature to
val ues bel ow 80 degrees C 175 degrees F. Insulation shall be secured with
not less than 9.525 mr 0.375 inch width Type 304 stainless steel bands

SECTION 41 65 10.00 10 Page 28



spaced no farther apart than 200 mr 8 inches on center. An alum num jacket
encasing the insulation shall be provided. The alum num jacket shall have
a mni mum t hi ckness of 0.406 mr 0.016 inch with a factory-applied

pol yet hyl ene and kraft paper noisture barrier. The jacket shall be secured
with not less than 13 mrl/2 inch w de stainless steel bands, spaced no
farther apart than 200 mrm 8 inch on centers. Longitudinal and
circunferential seans of the jacket shall be | apped not less than 75 mr 3
inch. Jackets on horizontal lines shall be installed so that the

| ongi tudi nal seans are on the bottom side of the pipe. The seans of the
jacket for the vertical lines shall be placed on the of f-weat her side of
the pipe. On vertical lines, the circunferential seans of the jacket shal
overlap so that the | ower edge of each jacket overlaps the upper edge of
the jacket below. Vertical exhaust piping shall be provided with a hinged,
gravity-operated, self-closing rain cover. Wen the exhaust pipe exits the
bui I di ng, the pipe should be isolated fromthe [wall][roof] by means of

thi nbl es in accordance w th NFPA 37.

2.10 PYROVETER

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

NOTE: For engines smaller than 1,000 kW (1, 340 hp)
del ete this paragraph. Pyroneters with individua

t her nrocoupl es are not nornmally avail abl e and shoul d
not be specified for engines smaller than 1000 kW
(1,340 hp).

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

A pyroneter [multi-point selector with individual thernocouples][ and
thernocouple] with calibrated | eads shall be provided to indicate the
tenmperature [in each engine cylinder and the conbi ned exhaust] [in the
conbi ned exhaust]. For a supercharged engi ne, additional points,

t her mocoupl es and | eads shall be provided to show the temperature in the
turbochar ger exhaust gas outlet and combustion air di scharge passages. The
sel ector switch shall be double pole, with an off position, one set of
poi nts for each thernocouple, and a suitable indicating dial. The
pyroneter, thernocouple, |eads, and conpensating devices shall be
calibrated to show true exhaust tenperature within il percent above the
hi ghest tenperature encountered at 110 percent |oad conditions.

2.11 EM SSI ONS

The finished installation shall conply with Federal and | ocal regul ations
and restrictions regarding the linits of em ssions such as carbon nonoxi de
(CO, hydrocarbon (HC), and nitros (NOx).

2.12 STARTI NG SYSTEM

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

NOTE: The engi ne can be started by either pneunatic
(compressed air) or an electric starting system

The selection of the starting system should be based
on costs and availability of conpressed air or
electric power. The starting system should be of
adequate capacity to start the engi ne under the

col dest conditions encountered. Cenerally, in
punpi ng plants with an existing station air system
or where a station air systemw |l be installed, a
pneumatic systemwi Il have the |owest initial cost.
The desi gner should ensure that the requirenents for
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the station air systeminclude an air receiver of
adequate size to accommopdate the cranking cycle of
each engine in the station w thout recharge by the
station air conpressor. Paragraph 2.11.1 ALTERNATE
1 should be del eted when a pneunatic starting system
is specified. ALTERNATE 2 of this paragraph should
be del eted when an electric start systemis
speci fi ed.

Torque available fromair notors of pneunmatic
systens is capable of accelerating the engine to
twi ce the engi ne cranking speed in about half the
time required by electric starters. The starting
system shoul d be the manufacturer's standard

equi prent .

The starting system regardless of type, should have
a start-stop switch providing functions including
testing, reset, manual run/start manual stop, an

adj ust abl e cranking cycle and cool down node of
operati on.

If an electric systemis provided, an adjustable
cranking limt device should be specified to linmt
the engine cranking to a specified tine limt.

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

Each di esel engine shall be provided with a starting system The system
shal |l be [pneumatic] [electric] and of sufficient capacity to start the
engi ne at the mnimum tenperature specified. The systemshall have a
start-stop switch which provides functions including testing, reset, manual
run/start, manual stop, and adjustable cranking and cooling down

operation. The starting systemshall be the nmanufacturer's standard

equi prent .

2.12.1 El ectrical Starting System

Rk Ik Sk kR IR R R I kO e S O R R Rk Rk kO R AR Ik I kS I S I b R R R o

NOTE: Delete this paragraph and subparagraphs in
their entirety if a pneumatic starting systemis
speci fi ed.

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

An el ectrical starting systemshall be provided to operate on a [24]

[ ]-vDCutilizing a negative circuit ground. An adjustable cranking
devi ce should be included to limt the engine cranking to a specified tine
l[imt. Starting notors shall be in accordance with SAE ARP892.

2.12. 1.1 Battery

Rk Ik kR R IR R R Sk S ke S O R AR Rk R R Rk O o O O R R R IR R I S b I Rk o

NOTE: Select a nickel-cadm umtype battery only
when the battery tenperature cannot be naintained
above -6 degrees C (22 degrees F).

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

A starting battery system shall be provided and include the battery,
battery rack, intercell connectors, spacers, automatic battery charger with
overcurrent protection, netering, and relaying. The battery shall be in
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accordance with SAE J537. Critical system conponents (rack, protection,
etc.) shall be designed to withstand the seism c accel eration forces

speci fied i n subparagraph VI BRATI ON | SOLATI ON AND SElI SM C RESTRAI NTS under
par agr aph SPECI AL LI M TATIONS. The battery shall be a [l ead-acid]

[ ni ckel -cadm um type, with sufficient capacity, at the mni num[outdoor]
[indoor] tenperature specified, to provide a mninmum cranking cycle

consi sting of three cranking periods of up to 8 sec per period with 8-sec
interval s between crank peri ods.

.12.1.2 Battery Charger

A current-limting battery charger, conformng to UL 1236, shall be
provided to automatically recharge the batteries. The charger shall be
capabl e of providing both automatic float chargi ng and equalizing charging
of the battery installation. The charger shall be capabl e of recharging
fully depleted batteries within [8] [__ ] hr and providing a floating
charge rate for maintaining the batteries in a fully charged condition. An
amet er and voltneter shall be provided on the charger to indicate charging
rate and voltage. The charger shall have al arm functions providing

i ndi cations of |ow battery voltage, high battery voltage, and battery
charger mal function.

.12.2 Conpressed Air Starting System

EZE IR R R S I R R I I O R R R Ok S R R I R R R I O R O O

NOTES: Delete this paragraph and subparagraphs in
their entirety if an electric starting systemis
speci fi ed.

The conpl ete conpressed air system should be shown
on the plans. Two receivers, redundant piping, and
two conpressors may be required so that starting
capability is not |ost when tank maintenance is
required. Valve arrangenent should permt any
receiver to be renoved from service, drained
repaired, or replaced without |loss of starting air
fromthe system The check val ves between the pl ant
air systemand the air starting receivers should be
considered to ensure that failure of the plant air
system does not deplete the backup supply. The

desi gner shoul d anal yze various starting scenarios
and determ ne the necessity of providing a gasoline
or diesel engine-driven conpressor for a black-plant
(no electrical sources available) start-up

Each conpressor should have sufficient capacity to
refill the air starting systemair receiver in a
maxi mrum of 3 min. The receiver shall be sized to
crank the largest engine for 15 sec at an anbi ent
tenperature of 21 degrees C (60 degrees F) without
rechar gi ng.

Either the air-notor starting option or the cylinder
injection starting option should be used and the
ot her paragraph del et ed.

Rk Rk kR IR R R Sk O kb S O I AR R R R Rk O ok O O R IR I bk S A R

A conpressed air starting systemshall be provided. The starting system
shal |l use station service air. The systemshall be furnished conplete with
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oilers, regulators, and solenoid control valves. The starting system shal
be air notor type with a working pressure of 1.03 MPa 150 psig or cylinder
injection type with a working pressure of 2.07 MPa 300 psig. The
conpressed air system pi ping shall be as specified in Section 22 00 00
PLUMBI NG, GENERAL PURPOSE

2.12.2.1 Air Filter

An air filter shall be installed upstreamof the air connection to each
engine. The filter shall be capable of renoving particles 10 mr 3/8 inch
and | arger.

2.12.2.2 Air Driven Motors or Cylinder Injection

Either type of air starting system air notors or direct injection, is
acceptable. If an air notor starting systemis used, the cranking notors
shall be conplete with a solenoid valve, strainer, and lubricator. |If
cylinder injection starting is used it shall be acconplished by admitting
conpressed air into two or nore engine cylinders through a timng valve, or
through a distributor into a sufficient nunber of cylinders to ensure
successful starting regardl ess of piston positions.

2.12.3 Starting Aids

EZE IR R R S I R R I I O R R R Ok S R R I R R R I O R O O

NOTE: Jacket cool ant and/or |ube-o0il heaters are
normal Iy provided for nmost applications to aid
starting. Either injection or glow plugs may al so
be required for conbustion air tenperatures
significantly below O degrees C (32 degrees F).
Consult manufacturers for availability and need in

the application size range.
EE IR R I Sk S S I S S I I R R R Rk S I S Sk S kI R R R Rk S S I S O Sk I S O R

2.12.3. 1 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 fil0
deg of the control tenperature. The heater shall operate independently of
engi ne operation so that starting tinmes are mnimzed, condensation is
controll ed, and the system ensures dependabl e, cold weather starts. Power
supply for the heaters will be | ] volts AC

2.12.3.2 d ow Pl ugs

d ow plugs shall be designed to provide sufficient heat for fuel combustion
within the cylinders to guarantee starting at an anbient tenperature of -23
degrees C -20 degrees F

[2.12.3.3 Lube G| Heaters

A thernostatically controlled electric heater shall be nounted in the

engi ne |ube oil storage tank to automatically maintain the |ube oil within
10 deg of the control tenperature. The heater shall operate independently
of engine operation so that starting times are mnimzed and the system
ensures dependabl e cold weather starts. Heaters shall be selected so that
heater skin tenperatures do not exceed 150 degrees C 300 degrees F and have
maxi mum heat densities of 0.02 Wmm square 13 Winch square. Power supply
for the heaters will be [ ] volts AC
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]2.13 SAFETY SYSTEM

Devi ces, wiring, renpote annunci ator panels, alarm panels, etc., shall be
provided and installed as a conplete systemto automatically activate the
appropriate signals and initiate appropriate safety actions. The safety
system shall be provided with a self-test method to verify its
operability. Alarmsignals shall have manual acknow edgnent and reset
devices. The alarmsignal systens shall reactivate for new signals after
acknow edgnent is given to any signal. The systens shall be dealt with as
an alarmon that systemelenent. The renote annunci ator panels and al arm
panel shall be as specified in paragraph PANELS.

2.13.1 Audi bl e Si gna

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: High dB levels are required for audible

al arns | ocated near an engine. Audible signaling
devices with sound levels in excess of 100 dB should
be specified for engine room application, and the
alarm | ocation should be shown on the plans.

IR R R R SRR EEEEEREEEEEEREEEREEEREREEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

The audi bl e al arm signal shall sound at a frequency of [70] [__ ] Hz at a
volume of [75] [__ ] dBat 3.1 m 10 ft. The sound shall be continuously
activated upon alarm and sil enced upon acknow edgnment. Signal |ocations
shal |l be as shown on the plans.

2.13.2 Vi sual Signa

The visual signal shall be a panel light. The Iight shall normally be off
but activated to blinking upon alarm The light shall change to
continuously lit upon acknow edgnent. |f automatic shutdown occurs, the

display shall remain in an activated status to indicate the cause of
failure and shall not be reset until the cause of al arm has been cl eared
and/or restored to the nornmal condition. Shutdown alarns shall be anber.
2.13.3 Al arms and Action Logic
2.13.3.1 Shut down

Shut down signals shall sinultaneously activate the audible signal, activate
the visual signal, and stop the engine.

2.13.3.2 Probl em
Probl em signal s shall activate the visual signal
2.13.4 Al ar m Pane

The panel shall be fabricated and | ocated as specified in paragraph PANELS,
and shall contain the foll ow ng functions:

FUNCTI ON OR | NDI CATI OV CONTROL ACTI ON ( AUXI LI ARY ACTI ON)
a. Red energency stop (push button or switch)/shutdown engine.
b. Day tank overfill indication (95 percent vol une)/probl em (shut down

punp supplying fuel to day tank).
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b. Panel -nounted detonation sensing systemw th al arm and shut down
lights. The detonation systemw || sense individual cylinder
detonation and individually adjust cylinder timng to avoid
detonation. The system nust be programmabl e by standard PC with

sof tware and operating manual supplied at no additional charge. The
systeminstall ed nust have the capability of up to 30 crankshaft
degrees of total timing variation for each cylinder. Beyond a
programmed linmt, the systemw || act to shut down the engine.

c. Engine overspeed indication (overspeed indication point as
recommended by the engi ne supplier)/shutdown engine.

d. Hi gh lube-o0il tenperature indication (tenperature as
subm tted)/shut down engi ne.

e. Low lube-oil pressure indication (pressure as submtted)/shutdown
engi ne.

f. H gh coolant fluid outlet tenperature indication (tenmperature as
subm tted)/shut down engi ne.

g. Pre-low lube-o0il pressure indication (110 percent of | ow | ube-0i
pressure)/ probl em (none).

h. Pre-high coolant fluid tenperature indication (5 degrees C 10
degrees F |l ower than high coolant-fluid outlet tenp. alarm/problem
(none).

i. Pre-high lube oil tenperature indication (5 degrees C 10 degrees F)
| ower before problem (none).

j. Day tank enpty indication (20 percent volunme remai ni ng)/shut down
engi ne.

j. Crankcase pressure switch (adjustable) to detect crankcase pressure
i ncrease associated with scoring of |iner and possible short term
catastrophic failure. Shutdown with setpoint as submtted. Setpoint
of the crankcase pressure switch is to be adjusted during start-up to
provi de cl ose tol erance protection w thout nuisance tripping.

k. Failure to start within the specified tine indication/problem
(none).

. Conpressed air |ow pressure indication (80 percent of working
pressure)/ probl em (none).

m Engi ne battery vol tage-I| ow probl em (none).

n. Engine battery voltage-high/problem (none).

0. Engine battery charger mal function/problem (none).]
13.5 Ti me-Del ay on Al arns
For startup of the engine, tine-delay devices shall be installed bypassing
the low lubricating oil pressure alarmduring cranking[ and the | ow

coolant-fluid outlet tenperature alarni. The |ube-oil tine-delay device
shall return its alarmto normal status after the engine starts.[ The
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cool ant time-delay device shall return its alarmto normal status 5 mnutes
after the engine starts.]

[2.13.6 Renot e Al arm Pane
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NOTE: The renote al arm panel |ocation should be
shown on the plans. Delete requirenents for the
renote al arm panel where it is not used. The renote
panel nmay be furnished | oosely and unnounted, to be
installed on the punp station control consol e by

ot hers.
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A rempte al arm panel with 100 percent functional redundancy to the al arm
panel shall be provided.[ The renote panel shall be |ocated and nounted as
shown on the plans.] [The renote panel shall be suitably packed and

shi pped as directed by the Contracting Officer for installation by others
on the station control console.]

12.14 GOVERNOR

Each engi ne shall be provided with a governor to control the rotationa
speed of the engine in response to changing | oad requirenents. The
governor shall be configured for safe manual adjustnent of the speed during
operation of the engine, w thout special tools.

2.14. 1 Speed Regul ati ng Gover nor

The engi ne governor shall naintain close speed regul ation under all |oad
conditions. The speed variation shall not exceed 6 percent of nornal speed
when full load is suddenly applied or renmoved. The design of the governor

shal | be such that the engi ne speed may be changed by governor adjustnent
during engine operation to any speed between 80 and 100 percent of the
normal speed (corresponding to nornal operating punp speeds) within 2
percent. The speed fluctuation at any | oad shall not exceed 2 percent. A
rai se/l ower speed control shall be nounted on the engine instrunent

board.[ The speed adjust control shall have provisions for allow ng

control of the speed control circuits froma renote |ocation.] The engine
fuel rack servonotor shall be suitable for operation froma 120-V AC source.

2.14.2 Enmer gency Overspeed Governor and Load Limt
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NOTE: If the punp drive is out of service for
extended periods with little or no mai ntenance, then
t he shutdown nmechani sns for overspeed shoul d prevent
both fuel and air supplies fromentering the
cylinders. |If the units are well nuaintained and
used frequently, either type termnation should work
satisfactorily.
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An energency governor with overspeed trip shall be provided on each engine
to shutdown the unit should the speed exceed a predeterm ned RPM The
overspeed trip shall also provide an alarm signal for renote indication
The emergency governor shall be independent of the regul ating governor.
When the overspeed stop has been tripped, the shutdown nechani sns shall be
such that the engine fuel[ and][ or] air supply is prevented in the
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shortest time practicable fromentering the engi ne cylinders.

mechani sm may be part of the governor. The engine shall have an overl oad

The trip

fuel limt set at 110 percent of the full |oad specified in paragraph

DI ESEL ENG NE.

2.14.3 Governor Controls Location

The governor control shall be located at a point convenient to the | ocation

of the engine instrunment board as shown on the plans.

2.15 ENG NE | NSTRUVENT BOARD
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NOTES: All panels (including the engine instrunent
board), except the renmpte panel, can be conbi ned.
Del ete the pyroneter devices for engines snaller
than 1,000 kW (1,340 hp). See paragraph PYROVETER

Use the first subparagraph "f" and first
subparagraph "g" if diesel engines are specified;
use the second subparagraph "f" and second
subparagraph "g" if natural gas fuel ed engines are
speci fi ed.

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

The engi ne instrunent board shall be as specified in paragraph PANELS, and

shall contain the followng itemns:
a. Coolant-fluid inlet tenperature display
b. Lubricating-oil pressure indicator
c. Lubricating-oil inlet tenperature display
d. Red energency stop (push-button or switch)
e. Run-time neter
f. Fuel neter display
g. Fuel -header-pressure display
f. Manifold vacuum di spl ay
g. Intake air tenperature display
h. Tachoneter display
i. Engine start-stop switch
j. Start-attenpt indicator |ight
k. Lubricating-oil prelubricating punp start-stop switch
[. Al arm panel

[ m Pyroneter display with selector swtch]
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NOTE: The followi ng instrumentation may be included

on the engine instrunent board.
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[ n. Ammeter for starting battery charger
11 0. Voltmeter for starting battery
11 p. Timer for setting the starting battery charger's equalize charging

rate duration
11 g. Air starting system pressure]

2.16 PANELS
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NOTE: Al panels (including the engine instrunment
board), except the renote panel, can be conbi ned
into a single panel paragraph. Provide a

panel -nmounting | ocation and detail for panels not
mount ed on the engi ne base. The designer may el ect
other locations such as adjacent to the engine,
etc. Provide panel naneplate and instrunent

nanepl ate, unique identifiers, or user-preferred
identifiers. Provide sizes, materials, and
attachnment preferences.

Del ete either the analog or electronic instrunments
par agraph option
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Each panel shall be of the type and kind necessary to provide specified
functions. Panels shall be nounted [on the engi ne base by vibration/shock
absor bing type nmountings][as shown on the plans]. Instrunents shall be
nounted flush or sem flush. Convenient access to the back of panels shal
be provided to facilitate maintenance. |Instrunents shall be calibrated
usi ng recogni zed industry calibration standards. Each panel shall be
provided with a panel identification plate which clearly identifies the
panel function as indicated. Each instrunent and device on the panel shal
be provided with a plate which clearly identifies the device and its
function as indicated. Al instruments and devices shall be vibration
resi stant.

2.16.1 Encl osur es

Encl osures shall be designed for the application and environnent,
conformng to NEMA | CS 6. Locking nechanisns [are optional] [shall be
keyed alike].

2.16.2 [ Anal og] [El ectronic]
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NOTE: Sel ect appropriate alternative paragraph
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[ Analog electrical indicating instrunents shall be in accordance wth
ANSI C39.1 with sem flush nounting. Panel-munted instruments shall [be
the manufacturer's standard][have 100-deg scal es] with an accuracy of not
| ess than 2 percent. The instrunment's operating tenperature range shall be
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2.

-20 to +65 degrees C -4 to +150 degrees F.]

El ectronic indicating instrunents shall be 100 percent solid state,
state-of-the-art, 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 instrumentation. An interface nodul e shal
be provided to decode serial link data fromthe el ectronic panel and
translate alarm fault, and status conditions to a set of relay contacts.

I nstrunent accuracy shall be not less than 2 percent for unit nounted
devices, and 1 percent for control room panel nmounted devices, throughout
a tenperature range of -20 to +65 degrees C -4 to +150 degrees F. Data

di splay 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 mm1/2 inch] [[___ ] minch].]

.16.3 Par anet er Di spl ay

Conti nuous indication of the tachometer, lubricating-o0il pressure, and
safety system paraneters shall be provided. A nomentary switch shall be
specified for other panels.

17 BASE
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NOTES: The diesel -engi ne punp drive can be equi pped
so that it has its own base, or it can be on an
integral base with the punp and speed reducer. Wth
an integral base, coordination with the other

equi pnent specifications and the use of the
statenment, "suitable holes for anchor bolts", should
be included in the plans and specifications.

Coordi nate with the subparagraph VI BRATI ON | SOLATI ON
AND SEI SM C RESTRAI NTS under paragraph SPECI AL
LI M TATI ONS
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The base shall be constructed of structural steel. The base shall be
designed to rigidly support the engine, ensure permanent alignnment of all
rotating parts, be arranged to provide easy access to allow changi ng of

| ube-o0il, and ensure that alignnent is nmaintained during shipping and
normal operation. The base shall not permt skidding in any direction
during installation and shall withstand and nmitigate the effects of
synchronous vibration of the engine and punp. The base shall be provided
with [suitable holes for anchor bolts] [[_ ] mr inch dianeter holes for
anchor bolts]. The entire engine assenbly shall be capable of withstanding
the | oad i nposed by earthquake forces.

.18 MOTORS

El ectric nmotors shall conformto the requirenents of NEMA MG 1. Mdtors
shal | have seal ed ball bearings and a nmaxi mum speed of 1,800 rpm Motors
shal | have drip-proof frames; alternating current notors larger than 373 W
1/2 hp shall be of the squirrel-cage induction type for operation on
[ ] V, [50] [60] Hz, three-phase AC power. Alternating current notors
373 W(1/2 hp) or smaller, shall be suitable for operation on 120 V, [50]
[60] Hz, single-phase, AC power. Direct current notors shall be suitable
for operation on [125] | ] VDC. Mtor controllers and starters shal
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conformto the requirenents of NFPA 70 and NEVA | CS 2.

.19 PAI NTI NG

The engi ne and the accessory equi prent including, but not limted to,
panel s, val ves, piping, intake, and exhaust system conmponents shall be

cl eaned, prinmed, and painted [in accordance with the nmanufacturer's
standard col or and practice] [as specified in Section [09 90 00 PAI NTS AND
COATI NGS] [09 97 02 PAINTING HYDRAULI C STRUCTURES] . ]

. 20 FACTORY | NSPECTI ON AND TESTS

Prior to shipnent, each engine shall be inspected and tested at the factory
in the presence of the Contracting Officer or the authorized governnent
representatives. The inspection shall cover all conponents including, but
not limted to, governors, instrunentation panels, engine starting system

i ntake and exhaust, lubrication system cooling system and fuel system

I nspection shall be completed and all necessary repairs nmade prior to
testing. Unless otherwise directed by the Contracting Oficer or the

aut hori zed governnent representative, the followi ng factory tests shall be
per f or med:

a. Sinmulated energency or overspeed trip test.
b. Sustained operation test of 4 hr at rated full |oad.
c. Sustained operation test of 2 hr at 70 percent of rated full | oad.

d. Fuel consunption tests of not |less than 1 hr each at 70 and 100
percent rated full |oad, respectively, using [the type of diesel fue
speci fied][natural gas].

e. The engine shall be operated at no |load to denponstrate that the
governor and its associ ated engi ne manifold shutoff valve function

properly.

f. Test data shall be taken at 30-min intervals and recorded on the
manuf acturer's [diesel] [natural gas fuel ed] engine test data sheets.
The test data sheets shall provide entries for all data required for
the evaluation of [diesel] [natural gas fuel ed] engine perfornance

i ncludi ng noi se and vibration. The test data shall be subnmitted for
approval as required in paragraph SUBM TTALS. No engi ne shall be

shi pped until the test data has been approved by the Contracting
Oficer.

PART 3 EXECUTI ON

3.

3.

1 EXAM NATI ON

Bef ore perfornming any work, visit the installation site and verify al
details of the work. For new construction, review plans and el evations for
adequacy and notify the Contracting Oficer in witing of any di screpanci es.

2 | NSTALLATI ON
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NOTE: Provide an equi prent |ayout on the plans
whi ch all ow cl ear space for operation and
nmai nt enance in accordance with NFPA 70 and | EEE C2.
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Include requirenments for staging and a | aydown area
for disassenbly or renoval and repl acenment of mgjor
parts of the engine. Additionally, it is advisable
to provide access to renove the unit and/or nmjor
parts of equi pment fromthe engi ne room and the
bui | di ng through either doors/passageways or

equi prent hatches. For large units, specify a

bri dge crane of an adequate capacity as reconmended
by the engi ne manufacturer.
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The installation of the equipnent furnished under this section and rel ated
punps and gear reducers under other sections shall be coordinated and
installed in accordance with the approved installation procedures specified
and submitted in accordance with the requirements of paragraph SUBM TTALS.

.3 Pl PI NG | NSTALLATI ON

No section of pipe within a building shall exceed 6 m 20 ft in length
between flanged fittings. Except where otherw se specified, flanged
fittings shall be utilized to allow for conplete dismantling and renoval of
each piping systemfromthe facility wi thout disconnecting or renpving any
portion of any other system s equi pment or piping. Connections to al

equi prent shall be nade with flexible connectors and isol ation val ves.
Bendi ng of pipe shall be done with pipe benders, and no nal formati on shal
be visible on bent pipe. Pipes extending through the roof shall be
properly flashed. Piping shall be supported and pernitted to expand and
contract without damage to joints or hangers. Drain valves of 15 mr 0.6
inch shall be installed at each | ow point in the piping.

.3.1 Supports

Hangers, inserts, and supports shall be of sufficient size to accommopdate
any insulation and shall conformto MSS SP-58 and MSS SP-69. Supports
shal | be spaced in accordance with ASVE B31.1. Piping supports shall not
be attached to netal decking. Supports shall not be attached to the

under side of concrete filled floors or concrete roof decks unless approved
by the Contracting Oficer.

.3.1.1 Cei ling and Roof

Exhaust piping shall be supported with appropriate sized Type-41 single

pi pe roll and threaded rods; all other piping shall be supported with
appropriately sized Type 1 clevis and threaded rods.

.3.1.2 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.

. 3.2 Fl anged Joints

Fl anges shall be Cass 125 type, drilled, and of the proper size and

configuration to match the exhaust outlet of the engine. Flanged joints
shal | be gasketed and nade to be square and tight.
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3.

3.

3.3 Cl eani ng

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

. 3.4 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 a m ninmumof 15 mr 0.6 inch |arger than
the outside dianmeter of the passing pipe or pipe covering, and where pipes
pass through conbustible materials, 25 mr 1 inch larger than the outside
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 Vi bration isolation shall be
provided for all conduit, cable trays, and raceways attached to the engine.

.5 ONSI TE | NSPECTI ON AND TESTS

The tests outlined in the subsequent subparagraphs shall be perforned after
complete installation of each engine and its associ ated equi pnent and in
accordance with the approved Dynani c Anal ysis of Engi ne, Punp, and Governor
Data taken during runs shall be recorded at 30-mn intervals and shal
include all available pressure and tenperature data which is nonitored by
the instrunmentation furnished with the engine.

.5.1 Contractor Supplied

Provide all equiprment and supplies required for the inspections and tests
including fuel and test instrunents.

.5.2 I nstrunents

Readi ngs of panel gauges, neters, displays, instrunents, etc. provided
under the specification shall be verified during all test runs by test
instruments of greater precision and accuracy than the operationa

equi pnent. Instrunments used in the tests shall be calibrated by a
recogni zed standards | aboratory within 30 days prior to testing.

.5.3 Sequence

The tests shall follow the sequence outlined in subsequent paragraphs.
Measurenents shall be nade and recorded of all paraneters necessary to
verify that each engine neets specified paraneters. |If the results of any
of the test sequences are not satisfactory, adjustments or replacenents
shal | be nade and the test sequence repeated until satisfactory results are
obt ai ned.

5.3.1 Pi pi ng Test
a. Lube-oil and fuel-o0il piping shall be flushed with the same type of

fluid intended to flow through the piping, until the out-flowing fluid
is free of obvious sedinent and enul sions.
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b. The lube oil, fuel-o0il and cool ant piping [and piping and pressure
vessel s of the air starting system shall be hydrostatically pressure
tested at 150 percent of the maxi mum antici pated working pressure, but
in no case less than 1.03 MPa 150 psig for a period of 2 hr to
denonstrate the piping has no leaks. |If piping is to be insulated, the
test shall be perfornmed before the insulation is applied.

3.5.3.2 Initial Inspection

a. Engine mounting bolts shall be visually inspected and checked for
proper application and torque.

b. Correct functioning of the high and pre-high lubricating oi
tenmperature circuit shall be denonstrated by renoving the
temper at ure-sensing elements fromthe engine and i mersing the el enents
in a vessel containing controlled-tenperature hot oil and recording the
tenperature at which the elenents activate.

c. Correct functioning of the high and pre-high coolant-fluid outlet
tenmperature circuit shall be denonstrated by renoving the

t emper at ure-sensing elements of the circuit fromthe engi ne and
imersing the elements in a vessel containing controlled-tenperature
hot coolant-fluid and recording the tenperature at which the el enents
activate.

3.5.3.3 El ectric Protective Device Tests

Protective devices shall be visually and nechanically inspected, adjusted,
tested, and calibrated in accordance with the manufacturer's published
instructions. Device ratings, settings, and other operational data shal
be docunent ed.

3.5.3.4 Saf ety Run Test
Shoul d there be insufficient water available to operate the plant and to
performthe engine tests, the Contracting Officer may delay the test for up
to 9 nonths. The safety run test consists of the foll owi ng sequence of
tests:
a. The engine shall be started, the starting time recorded, and all of
t he engi ne manufacturer's reconmmended after-starting checks and
i nspections perforned follow ng a reasonabl e warm up peri od.

b. The engine shall be operated for at least 2 hr at 75 percent rated
speed.

c. Proper operation of all controls shall be verified.

d. Proper operation and set points of all gauges and instrunments shal
be verified. Setpoints shall be recorded.

e. Proper operation of all ancillary equipnent shall be verified.

f. The manual energency stop switch shall be activated and the tine to
stop the engi ne recorded.

g. The engine shall be started, the starting tinme recorded, the engine

manufacturer's after-starting checks and inspections perforned and
recorded, and the engine operated for at least 15 mn at 75 percent of
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. 5.

3.

rated speed.

h. The governor shall be nmanually adjusted to increase engi ne speed
past the overspeed limt. The engine RPM at shutdown shall be recorded.

i. The day tank shall be nmanually filled to a | evel above the overfil

[imit. The level at which the overfill alarm activates shall be
recorded. Shutdown of the fuel transfer punp shall be verified. The
day tank shall be drained below the overfill limt followi ng the test.]

j. The tine-delay | owlube oil pressure al arm bypass shall be
tenporarily renoved fromthe engine safety circuits and an attenpt nade
to start the engine. The results shall be recorded.

k. A manifold shall be attached to the engine oil systemcontaining a

shutoff valve in series with a connection for the engine's oil pressure
sensor, followed by an oil pressure gauge, ending in a bleed val ve.

The oil pressure sensor shall be noved fromthe engine to the nmanifold

and its nornmal location on the engine tenporarily sealed. The nanifold
shutof f valve shall be placed in the open position and the bl eed val ve

cl osed.

I. The engine shall be started, the starting tinme recorded, the engine
manufacturer's after-starting checks and inspections perforned and
recorded and the engine operated for at least 15 mn at 75 percent of
rated speed.

m The mani fold shutoff valve shall be closed. The pressure in the
mani fol d shall be slowy bled off through the bleed val ve while
observing the pressure gauge. The pressure at which the engi ne shuts
down shall be recorded. The oil spillage fromthe bleed valve shall be
captured in a container. The oil systemshall be refilled, the

mani fol d renmoved, and the engine's oil pressure sensor reinstalled on
the engine followi ng the test.

n. The engine shall be started, the starting tinme recorded, the engine
manuf acturer's after-starting checks and inspections perforned and
recorded and the engine operated for at |least 15 m n at 100 percent of
rated speed. The nmaxi mum sound | evel in each frequency band at a

di stance of 22.9 mn 75 ft fromthe end of the exhaust piping directly

al ong the path of discharge for horizontally discharged exhausts shal
be recorded. The naxi mum sound | evel in each frequency band at a

di stance of [22.9 m 75 ft] [10.7 m 35 ft] fromthe silencer at 45 deg
apart in all directions around the unit shall be recorded.

0. The fuel fromthe day tank shall be slowy drained to | ower the

fuel level below the no fuel level linmt and the |evel at which the
audi bl e al arm sounds recorded. The fuel shall be added back to the day
tank, filling it above the low level alarmlimt following the test.]

5 Fi nal | nspection

a. The lube-oil filter shall be renoved and the oil and filter

exam ned by the engi ne manufacturer for excessive netal, abrasive
foreign particles, and other indications of engine distress. Any
corrective actions shall be verified for effectiveness by running the
engine for 8 hr at full rated speed, then re-exam ning the oil and
filter.
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b. The engine shall be inspected and all engine mounting bolts checked
for tightness and visibl e damage.

.6 MANUFACTURER S FI ELD SERVI CE

.6.1 Onsite Training
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NOTE: Delete video taping if not required.
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Conduct training courses for the plant operating staff as designated by the
Contracting Officer. The training period shall consist of a total of
[ ] hr of normal working time and shall conmence after the systemis
functionally conpleted, but prior to final acceptance. The course
instructions shall cover pertinent points involved in operating, starting,
stoppi ng, and servicing the equi pment, as well as all mmjor elenents
addressed in the operations and nai ntenance nanuals. Additionally, the
course shall include denmonstrations and instruction in all routine

mai nt enance operations including oil change, oil filter change, air filter
change, etc. [Submit Two [CD] [DVD] copies of the entire training session.]

.6.2 Fi el d Engi neer

The manufacturer or Contractor shall furnish a qualified engineer to
supervi se the conplete installation of the engine, assist in performance of
the onsite tests, and instruct personnel regardi ng operational and

mai nt enance features of the equipnent.

T FI ELD PAI NTI NG

Field painting shall be as specified in Section [09 90 00 PAI NTS AND
COATINGS] [09 97 02 PAINTING HYDRAULI C STRUCTURES] .

.8  ACCEPTANCE

Fi nal acceptance of the engine will not be made until the Contractor has
successfully completed all tests, corrected all defects in installation
material, and/or installation procedures, and all deficiencies identified
in on-site testing or routine operation have been corrected. Submt
As-Built Drawings as specified in the Subnmittal s paragraph before contract
cl osi ng.

-- End of Section --
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