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ENERGY RECOVERY SYSTEMS
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NOTE: This gui de specification covers the

requi renents for energy recovery systens for power
pl ant installations where a steady source of waste
heat is avail able.

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

1.1 REFERENCES

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

Use the Reference Wzard's Check Reference feature
when you add a RI D outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the
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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.
ER R IR I I R R R R R I I R R R R R I I I R R R R S I I R R R R I I I I R R R R I I R O I I I I R R R R R I I I

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

ASME | NTERNATI ONAL ( ASMVE)

ASME B31.1 (2007; Addenda a 2008; Addenda b 2009)
Power Pi pi ng

ASME B40. 100 (2005) Pressure Gauges and CGauge
Attachnent s

ASME BPVC SEC | (2010) BPVC Section |I-Rules for
Construction of Power Boilers

ASME BPVC SEC |V (2010) BPVC Section |IV-Rules for
Construction of Heating Boilers

ASME BPVC SEC | X (2010) BPVC Section | X-Wel ding and Brazing
Qualifications

ASVE BPVC SEC VI D1 (202010) BPVC Section VIII-Rules for
Construction of Pressure Vessels Division 1

ASME PTC 19. 3 (1974; R 2004) Tenperature Measurenent

ASTM | NTERNATI ONAL (ASTM

ASTM D 1066 (2006) Sanpling Steam
ASTM D 2186 (2005; R 2009) Deposit-Formng Inpurities
in Steam

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)
NEVA MG 1 (2009) Mdtors and Generators

1.2 SUBM TTALS

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: 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

SECTION 23 72 00.00 10 Page 4



conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the project.

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

IR R R R SRR EEEEEREEEEEEREEEREEEREREEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

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 following the "G
designation identifies the office that will review the submttal for the
Government.] Submt the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
Install ation

Detail drawi ngs consisting of a conplete list of equipnment and

materi al, including manufacturer's descriptive and technical
literature, performance charts and curves, catal og cuts, draw ngs,
and installation instructions. Include in the Draw ngs conplete

pi ping and wiring drawi ngs, schematic diagrans, and any ot her
details required to denonstrate that the system has been

coordi nated and will properly function as a unit. Al so show
proposed | ayout and anchorage of equi pment and appurtenances, and
equi prent relationship to other parts of the work including

cl earances required for mai ntenance and operati on.

SD- 03 Product Data
Cal cul ati ons
Manuf acturer's design data and structural conputations for
wal I's, roof, foundations, and other features for specialty type of
construction, with design data for lateral forces that nmay be
encountered due to wind | oads and seisnic zone forces.

Wl di ng Procedures and Qualifications

A copy of qualified procedures and a list of nanes and
identification synbols of qualified welders and wel di ng operators.
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Spare Parts

Spare parts data for each item of equi pment provided, as
speci fi ed.

Post ed I nstructions

Proposed di agranms, instructions, and other sheets, prior to
posting, as specified.

Performance Tests[; CG[; G [_____ 1]

A proposed perfornmance test procedure, 30 days prior to the
proposed test date. Include in the procedure a conplete
description of the proposed test with calibration curves or test
results furnished by an i ndependent testing |aboratory of each
i nstrunment, neter, gauge, and thernoneter to be used in the
tests. Do not start the test until the procedure has been
approved.

SD-06 Test Reports
Tests

Test reports in booklet formshowing all field tests perforned
to adj ust each conponent and all field tests perforned to prove
conpliance with the specified performance criteria, upon
conpletion and testing of the installed system Indicate in each
test report the final position of controls.

SD- 10 Operation and Mi ntenance Data
Qperation and Mai ntenance Manuals[; C[; G [___ 11

[Six] [ ] conmpl ete copies of operation nmanual for energy
recovery systemoutlining the step-by-step procedures required for
system startup, operation, and shutdown. |Include in the manuals
t he manufacturer's nanme, nodel nunber, service manual, parts |ist,
and a brief description of all equipnment itenms and their basic
operating features. [Six] [___ ] copies of maintenance manua
listing routine maintenance procedures, possible breakdowns and
repairs, and troubl eshooting guide shall be provided. Include in
t he manual s pi ping | ayout, equipnent |ayout, and sinplified wring
and control diagranms of the systemas install ed.

1.3 VELDI NG PROCEDURES AND QUALI FI CATI ONS

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: |If the need exists for nore stringent
requi renents for weldnents, delete the first
bracket ed statenent.

IR E R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEEEREEEEEEEREEEEEEEEEEEEEEREEEEEEREEEEE SRS

[ Piping shall be wel ded in accordance with qualified procedures using
performance qualified welders and wel ding operators. Procedures and

wel ders shall be qualified in accordance with ASVE BPVC SEC | X. Wl ding
procedures qualified by others, and wel ders and wel di ng operators qualified
by anot her enpl oyer, may be accepted as permtted by ASME B31. 1.
Contracting Oficer shall be notified 24 hours in advance of tests and the
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tests shall be perforned at the work site if practicable. The welder or
wel di ng operator shall apply his assigned synbol near each wel d he makes as
a permanent record. Structural menbers shall be welded in accordance with
Section 05 05 23 WELDI NG, STRUCTURAL.] [Welding and nondestructive testing
procedures are specified in Section 40 05 13.96 WELDI NG PROCESS PI Pl NG ]

.4 DELI VERY, STORAGE, AND HANDLI NG

Protect all equiprment delivered and placed in storage fromthe weather,
hum dity and tenperature variation, dirt and dust, or other contan nants.

.5 EXTRA MATERI ALS

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

NOTE: If fire-tube boilers are specified, delete
par agraph "Tube C eaner;" if water-tube boilers are
specified, delete paragraph "Tube Brush." If the
boil er design utilizes bent tubes, both paragraphs
"Tube d eaner" and "Tube Brush" shoul d be del et ed.

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

Furni sh all special tools necessary for the operation and mmi ntenance of
boil ers, punps, fans, and other equipnent. Furnish small hand tools with a
suitabl e cabinet, nounted where directed.

.5.1 Tube C eaner

Tube cl eaner shall be the water-driven type with three rotary cutters and
rotary wire brush, conplete with the necessary | ength of arnored water

hose, valves, and other appurtenances necessary for operation. Tube

cl eaner and rotary brush shall be provided for each size of water tube in
the boiler, with one extra set of cutters for each size cleaner. Necessary
val ves and fittings shall be provided to permt quick connection of the raw
wat er supply hose to one hoiler feed punp for operation of the cleaner.

.5.2 Tube Brush

Provi de tube brush, with steel bristles and jointed handl e of sufficient
length to clean full length of fire tubes.

.5.3 Snoke Pi pe C eaner

Provi de snoke pipe cleaner to clean the breeching and snoke connecti ons.

Cl eaner shall have jointed handl e | ong enough to cl ean breechi ng and snoke
connections wthout dismantling the system

.5.4 Speci al Wenches

Provi de special wrenches as required for opening boiler manhol es,
handhol es, and cl eanouts.

.5.5 Spare Parts

Subnmit spare parts data for each different item of equipnent specified,
after approval of the detail drawings and not later than [ ] nonths
before the date of beneficial occupancy. Include in the data a conplete
list of spare parts and supplies with current unit prices and source of

suppl y.
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6 OPERATI ON AND MAI NTENANCE MANUALS

Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

NOTE: The designer should require the Contractor to
prepare (in addition to providi ng O&M nanual s for
each piece of equipnent) O&M manual s for the

conpl eted work which consists of diverse equi pnent
integrated into a system not covered by instructions
froma single manufacturer; in that case retain the
first bracketed sentence. Renpbve the first
bracket ed sentence when the manufacturer's
instructions are sufficient to operate and maintain
the conpl eted work

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

[ The manuals will be approved by [the Contracting Oficer] | ] before

acceptance of the installed system]

PART 2 PRODUCTS

2.

2.

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

NOTE: In order to conply with Executive Order 13423
and Public Law 109-58 (Energy Policy Act of 2005),
desi gns nust achi eve energy consunption | evels that
are at | east 30 percent below the |level required by
ASHRAE 90.1 - 2004. |In accordance with P.L. 109-58
(Energy Policy Act of 2005), Executive Order 13423,
and Federal Acquisition Regulation (FAR) Section
23.203 energy consum ng products and systens shal
nmeet or exceed the performance criteria for ENERGY
STAR®- qual i fi ed or FEMP-designated products as |ong
as these requirenments are nonproprietary. The FEMP
and ENERGY STAR product requirements are avail abl e
on the web at www. eere. energy. gov/fenp/ procurenent
and www. ener gyst ar. gov/ products. \Where ENERGY STAR
or FEMP products are not applicable, energy
consumi ng products and systens shall nmeet or exceed
t he requirenents of ASHRAE 90. 1.

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

1 MATERI ALS AND EQUI PMENT
1.1 St andard Products

Provide material s and equi pment which are the standard products of a

manuf acturer regularly engaged in the manufacture of the products and that
essentially duplicate itens that have been in satisfactory use for at |east
2 years prior to bid opening. Equipnent shall be supported by a service
organi zation that is, in the opinion of the Contracting O ficer, reasonably
convenient to the site.

1.2 Nanmepl at es

Each nmaj or item of equi pnment shall have the nmanufacturer's nane, address,
type or style, nodel or serial nunber, and catal og nunber on a plate
secured to the item of equi pnment.
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2.1.3 Preventi on of Rust

Unl ess ot herwi se specified, surfaces of ferrous nmetal subject to corrosion
shall be factory prime-painted with a rust-inhibiting coating and
subsequently factory finish-painted in accordance with the manufacturer's
standard practice. Heat recovery equi pnment exposed to high tenperature
when in service shall be prime and finish painted with the manufacturer's
standard heat resistant paint to a mninmmthickness of 0.025 mr 1 ml.

2.1. 4 Equi pnent Guards and Access

Fully enclose or guard belts, pulleys, chains, gears, couplings, projecting
setscrews, keys, and other rotating parts |ocated where personnel contact
is possible. High tenperature equi prent and piping | ocated within
personnel contact or where a potential fire hazard exists shall be properly
guarded or covered with insulation of a type specified. Provide itenms such
as catwal ks, operating platforns, |adders, and guardrails where shown and
construct themin accordance with Section [05 50 13 M SCELLANEQUS METAL
FABRI CATI ONS] [ 05 51 33 METAL LADDERS].

2.2 HEAT RECOVERY EQUI PMENT

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

NOTE: Heat recovery equi pnent is closely associated
with the prinme nmover and it will frequently be nore
advant ageous to specify this equipnment in the sane
section in which the prime nover is specified. The
designer nust insure that draw ngs defining the
interrel ationship between all conponents and design
data such as flows, pressures, tenperatures, and
heat transfer rate are included.

Specify 2, 3, 4, or 8 degrees C (3, 5, 8, or 15
degrees F) for the maxi numtenperature differential
for coolant in and out of engine. Differential

sel ected nust be in accordance wth engi ne

manuf acturer's recommendations. The 2 degree C (3
degree F) range is for conventional ebullient

cool ing where the heat of evaporation is used to
renove the rejected heat fromthe engine. A 8
degrees C (15 degree F) differential across the
engine is desirable for all other systens but nay be

limted by engi ne manufacturer's reconmrendati ons.
EE IR I Sk S b S S S I R R R Rk S I S kS I I R I SR Ik S S I S R Sk I S O S

A heat recovery systemshall be an integrated design package conpatible
with the prinme nmover [cooling] [and] [exhaust] systemin accordance with
the drawi ngs and data sheets. The heat recovery systemshall be a [diese
engi ne exhaust waste heat boiler only to generate [saturated steam at
[ ] Pa psig pressure] [hot water at [__ ] degrees C degrees F and
[ ] Pa psig pressure].] [diesel engine [jacket water cooling and heat
reclaimsysteni [and] [lube oil cooling and heat reclaimfacilities].]

[di esel engine ebullient cooling system conbining jacket water heat reclaim
and exhaust waste heat boiler to generate up to 105 kPa 15 psig steam]

[gas turbine exhaust heat reclaimunit to generate [steamat [__ ] Pa psig
] [hot water at [ ] degrees C degrees F and [__ ] Pa psig pressure].]
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2.

2.

2.1 Di esel Engi ne Cooling
2.1.1 Antifreeze

[ For ebullient cooling, the cooling systemshall be suitable for a

conbi nation of water and an azeotropic antifreeze conpatible with the

equi prrent  (net hoxy propanol) as a cooling nmedium hereafter called the
coolant.] [For cooling systems where steamis not required, an ethylene

gl ycol permanent type antifreeze shall be utilized. Size of cooling system
shal | be based upon the use of an antifreeze solution which will protect
the system down to nminus 45 degrees C minus 50 degrees F.] Antifreeze for
cooling the lube oil and auxiliaries shall be a pernanent type suitable for
use with water, or the antifreeze solution specified above may be used and
shal | be connected to a separate section of the waste heat condenser from
the engine coolant. Valve trimand materials shall be conpatible for use
with the antifreeze solution. Operation of the cooling systemshall be
fully automatic while the prine nover is running.

.2.1.2 Wat er Jacket Tenperature

For diesel engine ebullient cooling, jacket water tenperature shall be not
| ower than 110 degrees C 230 degrees F, nor higher than 120 degrees C 250
degrees F in the steam separator at all loads with a maximumdifferentia
of | ] degrees C degrees F for coolant in and out of the engine.

.2.1.3 Constructi on

Where cooling systemdesign is part of prine nover installation, components
ot her than the wasteheat condenser and condensate receiver or punp units
may be nounted on the engine skid extension. For any antifreeze cooling
system a PVC nakeup tank with an electric motor-driven punp unit shall be
provided as indicated. Pump shall be nmanifolded to allow using it as a

m xi ng unit by shunting the flow back to the tank. Systemfill shall be
[manual ] [automatic] with feed into the piping systemsteel expansion tank
connection line as indicated.

. 2.2 El ectrical Equi prent

El ectric notor-driven equi pment specified shall be provided conplete with
notors and necessary notor control devices. Mdttors and notor contro

devi ces shall conformto the applicable requirenments of Section 26 20 00
| NTERI OR DI STRI BUTI ON SYSTEM i ncl udi ng requi renents for hazardous area

| ocations. Integral size notors shall be the premiumefficiency type in
accordance with NEVA MG 1.

.2.2.1 Mot or Rati ngs

Motors shall be suitable for the voltage and frequency provided. Motors

373 watt 1/2 horsepower and | arger shall be three-phase, unless otherw se
indicated. Ratings shall be adequate for the duty imnposed, but shall not
be |l ess than indicated.

.2.2.2 Mot or Control s

Where a notor controller is not shown in a notor control center on the

el ectrical drawi ngs, a notor controller shall be provided. Where required,
notor controllers shall be provided conplete with properly sized therma
overl oad protection and other equi pnent at the specified capacity including
an al l owabl e service factor, and ot her appurtenances necessary for the
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2.

notor control specified. Mnual or automatic control and protective or
signal devices required for operation specified and any wiring required to
such devi ces, not shown on the electrical draw ngs, shall be provided.
Wher e two-speed or vari abl e-speed notors are indicated, solid-state
vari abl e-speed controllers nmay be provided to acconplish the sane function.

2.3 Heat Recovery Silencer for Diesel Engine

Rk bk b R IR R R O kO b S O R Rk Rk R ok O S O R R R Ik kS I O I b Rk R

NOTE: The degree of silencing will match the
environnental requirenent. 1In a retrofit
installation, the unit should match the origina
silencer installation. As a general guide the

attenuation will be approximtely as foll ows:

Type of Silencer | Attenuation in Measured at
dB Cct ave Band

Frequency (Hz)

I ndustri al 25 250

Sem - Resi dent i al 30 250

Resi denti al , 35 250

Critical Area

Qui et 37.5 250

Resi dent i al

I ndi cate pressure required. For nost | ow pressure
installations this will be 345 kPa (50 psig).

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

Each conbi nation boiler silencer or supplenentary silencer shall reduce the
gener ated sound spectrumto standard commercial |evel permitted for
[industrial] [sem -residential] [residential, critical] area. Exhaust gas
boi l er shall be a combination boiler silencer or a boiler with a
suppl enentary silencer to neet the noise linmts, and heat recovery unit
shal | be constructed in accordance with ASVME BPVC SEC VIII D1 for [ ] Pa
psi g steam worki ng pressure. The boiler shall be designed for maxi num
efficient heat recovery under any load condition up to 110 percent of ful
load with an exit exhaust gas tenperature not |ess than 165 degrees C 330
degrees F. Each boiler shall be designed for continuous wet operation or
for periods of dry operation without interruption of the diesel engine
operation when | ocated and connected as indicated. Provisions shall be
made for expansion and contraction to prevent overstressed conditions in
the pressure vessel during continuous wet or dry operation. Gas side
pressure drop through the boiler shall not exceed the recommendati ons of
the engi ne nanufacturer. Each boiler shall be provided with standard
boiler trimincluding, but not limted to, pressure gauge, water gauge with
try cocks, water |level control, ASME-rated safety relief valve, surface
bl owof f val ve, bottom bl owdown val ves, and bottom dunmp val ves. The shel
shal |l be insulated as required by the paragraph "1 NSULATI ON' and the
insul ation shall be covered by | agging.

. 2.4 Heat Recovery Section for Gas Turbine

The unit shall consist of a [fire tube] [water tube or water wall] exhaust
boi |l er equi pped with an exhaust gas bypass. Unit shall be specifically
designed for the specified installation and shall be a conpl ete package
with thermal insulation, controls, accessories, and base. The insulation
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shall be in accordance with the paragraph "I NSULATION." |f heat recovery
section does not neet the turbine exhaust sound | evels specified, it shal
be supplied with suppl enentary exhaust silencer to neet specification
requirenents for both on-stream and bypass conditions.

2.2.5 St eam Separator Unit

The unit shall be a conbination flash tank and steam separator unit of
sufficient size for the engine cooling and waste heat recovery system when
engine is operated at 110 percent load in an anbient tenperature of [40]
[ ] degrees C [105] [__ ] degrees F at [__ ] mfeet altitude. The
unit shall be conplete with lowwater alarmswitch, |owlevel cutout swtch
(set at a level lower than the lowwater alarmswitch), pressure gauge,
safety val ve, gauge gl ass and cocks, vent valve, water-level control

hi gh-wat er-1 evel alarm condensate-notor control, and bl owdown connecti on.
Controls shall be so positioned that coolant |level shall be visible in
gauge glass at all tinmes. The vessel shall be constructed and certified in
accordance with the ASME requirenents and shall be hydrostatically tested
conform ng to ASME requirenents. Steamat 105 kPa 15 psig fromthis
separator shall be used for [space heating] [and] [absorption cooling]
[ ]. The unit shall be insulated as required by paragraph "I NSULATI ON. "

2.2.6 Condensat e Punps and Recei ver

Condensate unit shall have dupl ex punps and receiver and shall be

ski d-mount ed. Each punp shall be capable of full capacity at 120 percent
full steamrate when all of the heat is wasted under 110 percent engine
load in an anbient tenperature of [40] [__ ] degrees C [105] [__ ]
degrees F. An alternator shall be provided for automatically switching the
punps under response fromthe liquid |Ievel control of the steam generator
units each time an ONNOFF cycle is conpleted. Punps shall be electric
notor-driven type with stainless steel shafts and bronze inpellers for
operation with condensate at 95 degrees C 200 degrees F. Means shall be
provided to control punp operation to maintain condensate |evel between
hi gh and low visible levels indicated on the gl ass gauge of the receiver.
The receiver shall be sized to hold at |east enough condensate for 15

m nutes of operation w thout raw water nakeup and shall be conplete with
ski d nmounting, gauge glass, float-type makeup water valve with energency
manual valve, air vent, high-and | ow1|evel controlled punp swtch,

| ow | evel alarm and drain connection. Air vent shall be suitable for use
with cool ant sel ect ed.

2.2.7 Load Control Condenser

Each condenser unit shall have a capacity to dissipate the heat rejected by
the engine and its conponents at 110 percent full-rated | oad under
temperature of [ ] degrees C degrees F and at [ ] mfeet elevation
from above sea level. The nmaxi mum cool ant tenperatures |eaving the engine
shall not be in excess of that reconmended by the engi ne manufacturer;
however, temperature differential shall not be greater than [ ] degrees
C degrees F for coolant in and out of the engine.

2.2.7.1 Ai r - Cool ed Condenser

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

NOTE: Designer will select proper speed, based on
air requirements. The larger units will generally
require the slowest speed notor but the type of fan
drive nust also be considered. The fan speed and
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pitch of the blades are determi ned from

, :
manuf acturer's rating data.
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

Main core unit shall be suitable for condensing the vapor generated during
engi ne operation fromzero to 110 percent of full |oad when there is no
utilization of the steamfor useful purposes. A secondary core shall be
used for cooling the auxiliary systemcoolant. The condenser shall be the
[vertical] [horizontal] air discharge type with round tubes. Fins and
tubes shall be constructed of nonferrous naterials; headers shall be of
carbon steel and of the plug type. Fins shall be firmy bonded to tubes;
tanks and supporting franework shall be constructed of steel; and fan shal
be adjustable-pitch type constructed of aluminum Inlet and outlet cool ant
connections shall be on one side. A drain cock shall be installed at the

| ow poi nt of each core. A welded structural frame shall be provided for
entire unit, drilled and arranged for nounting on a concrete base, and
designed to withstand winds up to [80] [__ ] kmihour [50] [__ ] mph.
[Hai| screens shall be provided in areas where hails storns are preval ent.]
Rel i efs shall be provided to protect agai nst excessive pressures and
tenrper at ures devel oped in the system

a. The condenser shall be conplete with notor-driven fan or fans and with
face danpers controlled by the condensate tenperature. [Two fans per
bay shall be provided.] Excessive subcooling of the condensate by
overexposure to the air stream shall be avoided. Freeze protection for
all nodes of operation shall be provided. Fan tip speed shall not
exceed 60 neters/second 12,000 feet/n nute.

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

NOTE: \Where notor starters for mechani cal equi pnent
are provided in nmotor control centers, delete the

reference to notor starters.
L R R R R

b. The fan notor shall be direct-connected or belt-connected to the fan
and shall have seal ed bearings. The notor shall be three-phase,
squirrel cage induction type, [208] [460] volts at 60 Hz, synchronous
speed not to exceed [1,200] [1,800] rpm Modtor size shall be such that
seasonal adjustments of the fan bl ade pitch are not necessary to
prevent notor overloads when anbient air tenperature drops to | owest
val ue or rises to highest value specified for the prime nover operating
conditions. A 60 Hz, across-the-line, enclosed type, nmagnetic notor
starter having thernmal overload protection in each ungrounded phase
shall be provided. |If the condenser fan nmotor is |arge enough to cause
a transient voltage dip of 20 percent or nore during starting inrush, a
reduced-vol tage type magnetic nmotor starter shall be used. Connections
shal | be such that the fan notor shall start automatically as its
respecti ve engines are started.

c. The distance between condenser and engi ne shall be [] ] mfeet] [as
shown]. Unit shall be furnished conplete with a matched fl oat and
thernostatic trap installation. Air flow shall be fromthe fan notor
[upward] [downward] [inward] [outward] through the condenser. Furnish
300 mr twelve-inch lengths of flexible hose or pipe for all inlet and
outl et pipe connections. A valved vent for release of noncondensibl e
gases shall be provided. Condenser shall be sized by the engine
manuf acturer for this application. Auxiliary system cool ant
tenperature shall not exceed 80 degrees C 180 degrees F, with a nmaxi mum
differential of 8 degrees C 15 degrees F. Tenperature for the system
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shal | be naintai ned by regul ating the steam pressure.
2.2.7.2 Wat er - Cool ed Condenser

Unit shall be a shell-and-tube type rated for 30 degrees C 85 degrees F
entering water and 40 degrees C 105 degrees F leaving water. Unit shall be
furni shed conplete with a matched float and thernostatic trap installation
as well as a subcooler unit to reduce flashing of condensate. A valved
vent for release of noncondensi bl e gases shall be provided.

2.2.8 Pressure- Operated Control Val ve

The control valve shall be the butterfly type with nmaxi mum 60 percent ful
open operating position for good control characteristics. Nom nal rating
shall be with 7 kPa 1 psig pressure drop at 60 percent of full open
position. For use as a back pressure valve when there is no auxiliary
fired boiler, nmetal-to-netal seats which do not provide 100 percent shutoff
to condenser shall be provided. For use with an auxiliary fired boiler,
hi gh tenperature butyl or silicone rubber or EPDM seats for bubbl e-tight
shutoff to the condenser shall be provided. Valve operator shall be
[electric proportional operator with pressure control nounted internally]
[ pneunmatic with controller with proportional band, reset and filter

regul ator nounted on operator]. Valve shall open on |loss of air supply
pressure.

2.2.9 Auxiliary Boiler for Supplenental Firing

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

NOTE: Delete this paragraph if auxiliary fired
boiler is not required. Auxiliary boiler is

requi red when a constant source of heat nust be

mai nt ai ned during mai ntenance or overhaul of prinme
nmovers or to suppl enent heating requirenents during
peak demands which are beyond the capacity of the
heat recovery installation

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

Boil er and rel ated equi pment shall be as specified in Section 23 52 43.00 10
HEAT RECOVERY BO LERS .

2.2.10 Forced Circul ati on Punp

Where an engi ne-driven punp is not provided for jacket water circulation, a
separate electric notor-driven punp interl ocked with engi ne operation shal
be provided as required by the engi ne manufacturer.

2.2.11 Heat Exchangers

Heat exchangers shall be provided as shown. Heat exchangers shall be of
the shell -and-tube design, either U-tube type or helical coil type. Oher
types of construction are not acceptable unless prior witten approval is
received. Heat exchangers shall be designed, fabricated, tested, and
stanped in accordance with ASVE BPVC SEC VI I D1.

a. Materials of construction shall be suitable for the intended service
except that no cast material shall be used. The manufacturer's draw ng
subm ttal shall indicate the grade of material that has been used,
giving the full ASME specification nunber designation for each
conponent. U-tube materials shall be furnished as |ight drawn tenper;
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helical coils shall be furnished fully anneal ed. The naterials of
construction on the shell side [casing] shall be carbon steel. The
tube side materials shall be 90-10 Copper-Ni ckel for the tubes,

t ubesheets, and channel bonnets for U tube designs. Tubing and headers
for the helical coil designs shall be 90-10 Copper-Ni ckel

b. Tube-to-tube sheet connections and tube-to-header connections for
helical coils shall be either rolled or welded for the condensate
cool er and lube oil cooler, and shall be welded for |ube oil preheater

2.2.11.1 Lube G| Cooling

Lube oil cooling and heat reclanmation exchangers shall be furni shed as part
of the engine. The designs shall provide for the oil to be on the outside
of the tubes and the cooling water on the inside. A thermal sensing unit
shall be provided in the oil outlet piping where it can sense the m xed
average tenperature of the oil |eaving the cooler and actuate the contro
val ve on the cooling water flow to prevent overcooling the |ube oil

2.2.11.2 Fuel G| Preheating

If fuel oil preheating is required, this heat exchanger shall be provided
as part of the boiler package. The designs shall provide for the oil to be
on the outside of the tubes and the steamor high tenperature water on the
inside. A thermal sensing unit shall be provided in the oil outlet piping
where it can sense the m xed average tenperature of the oil |eaving the
preheater and actuate the control valve on the high tenperature hot

wat er/steamto ensure that oil tenperature is in the proper range for the
prinme nover.

2.2.11.3 Condensat e Heat Exchanger

Hi gh pressure condensate heat exchanger shall provide heating of domestic
or boiler feedwater while reducing the condensate tenperature to mnimze
flashing in the condensate surge tank. The designs shall provide for the
condensate to be on the outside of the tubes and the cooling water
(donestic or boiler feedwater) to be on the inside.

2.2.12 Hi gh Tenperature Water Heat Recovery Systens

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

NOTE: Delete this paragraph if high tenperature

wat er heat recovery is not utilized.
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Where high tenperature water is utilized as a heat recovery system nedi um
the system shall be provided with proper expansion tank, dunp tank,
pressurization system circulation punps, nmakeup water facilities,
controls, unit heaters, and piping as specified in Section 33 60 00.00 10
CENTRAL HI GH TEMPERATURE WATER ( HTW GENERATI NG PLANT AND AUXI LI ARI ES

2.2.13 Pressure Gauges

Gauges shall be heavy-duty industrial type confornming to ASVE B40. 100,
style as required, suitable for pressure or vacuum specified, with mninumr
152 mm 6 inch diameter dial, except as otherw se specified. Pressure
gauges shall be installed on each boiler, on the | ow pressure side of each
pressure reduci ng valve, on the discharge side of each punp, and where
shown or where required for proper operation. Gauges shall be readily
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2.

accessible and easily read fromthe operating floor.
or separate siphons and shal
Wer e pressure-reduci ng val ves are

equi pped with integral
pi pe and fittings with

shut of f cocks.

Gauges shall be
be connected by brass

used, gauges shall be placed close to the pressure-reduci ng assenbly, both
downstream and upstream but connected approximately 3 m 10 feet
therefrom Qperating ranges of the gauges shall be as foll ows:

Gauges Cpgrating Pressure, kPa |Pressure Range, kPapsig

si

Boi | er 290?860100-125 0- 13800- 200

Medi um Pressure Steam 34550 0- 6900- 100

Low Pressure Steam 14-352-5 0-2100- 30

Boi | er Feed Punp 10342-5 0-13800- 200

Gt her Punps 140- 34520- 50 0- 6900- 100
.2.14 Ther monet er s

conformto ASME PTC 19.3, Type |, Cass 3, with wells.
Mercury shall not be used in thernmoneters. Tenperature ranges shall be
suitable for the intended use. Thernoneters shall be installed in the
feedwat er pipeline between the feedwater heater and boiler feed punp in the
mai n condensate return |ine before entering the surge tank, and el sewhere
as indicated or specified. Thernonmeters shall have straight or angle stens
as required and shall be easily read fromthe operating floor.

Ther nonet er s shal

3 WATER TREATMENT EQUI PMENT
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NOTE: The proper condition of feedwater and boil er
water is of mmjor inportance in assuring long life
and m ni rum nai nt enance of any heat recovery system
Due to varying conditions in different |ocations, it
is inpossible to set forth specific contro

standards. |If water treatnment is covered in another
section, the requirenments should be reviewed for
conpatibility with the requirenents of waste heat
recovery systems. A study should be nade as foll ows:

i nternal water
boi | er

a. Internal Treatment: Conventiona
treatment should be used along with regul ar

bl ondown. Water treatnent should consist of
al kalinity adjustnents and chenical additions for
t he renoval of dissolved oxygen and treatnent of

resi dual hard-scale-fornmng materials. Treatnent
may al so be required for sludge dispersal and to
prevent foam ng

The followi ng val ues can be used as a guide:
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pH 10.5 - 11.2
02 0 ppm

PO4 20-40 ppm
TDS 3500 ppm max

b. External Treatnent: Mkeup water nust be
treated to renove cal cium mnmagnesium and tota
iron. Special attention should be given to water
whi ch contai ns suspended solids, a high residual of
i ron and sodi um chloride, and dissol ved oxygen

c. Condensate Return Line Corrosion: Corrosion in
the return line will allow harnful iron oxide to
enter the boiler systemwhere it can adhere to the
internal surfaces and reduce the heat transfer. It
is recomended that steps be taken to protect the
condensate return systemfromthe corrosive effects
of oxygen and carbon di oxi de.

For additional information concerning control of
internal chenmical conditions, refer to ASME Boil er
and Pressure Vessel Code, Section VIl (Recommended
Rul es for Care of Power Boilers), Subsection C7.

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

Water treatnent equipnent is required and shall be as specified in Section
23 25 00 CHEM CAL TREATMENT OF WATER FOR MECHANI CAL SYSTEMS.

.4 I NSULATI ON

Apply insulation in sufficient thickness to limt the surface tenmperature
of the lagging to not nore than [50] [65] degrees C [120] [150] degrees F
when in still air at site maximumdry bulb tenperature. Submt Heat
transfer calculations to the Contracting Oficer to substantiate insulation
materi al and thickness selection. Provide insulation with waterproof
 aggi ng when installed outdoors. Conply with EPA requirenents in
accordance with Section 01 62 35 RECYCLED / RECOVERED MATERI ALS

PART 3 EXECUTI ON

3.

3

1 EXAM NATI ON

After becoming famliar with all details of the work, verify all dinmensions
inthe field, and advise the Contracting O ficer of any di screpancy before
perform ng the work.

.2 | NSTALLATI ON

Rk Ik kb Sk R IR R R O kO e O O R AR Rk R R Rk O ok O O R R I R SRk kR

NOTE: Al pertinent piping and rel ated equi pnent
supports are to be designed and indicated in
accordance with UFC 3-310-04 for seismc design

EE R R R S I R I R R I R S R R R R O S R R S I R R R S R R R S R R R
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Install equipnent in accordance with nmanufacturer's instructions and
reconmrendation. Al pieces of equipnent shall be bolted in place on
foundati ons unl ess they are skid-nmounted on the prinme nover base skid.

Fl exi bl e connectors shall be used to connect any piping to the prine
nover. Piping for interconnecting various conponents of the heat recovery
equi pnent shall conformto the requirenents of ASME B31.1. Submt

cal cul ati ons as specified in the Submttals paragraph

.3 CLEANI NG OF BA LERS AND PI PI NG
. 3.1 Boi | er O eani ng

After the hydrostatic tests have been made and before starting the
operating tests, the boiler shall be thoroughly and effectively cleaned of
foreign materials, including mll scale, grease, and oil deposits. The
Contractor may use the foll owi ng described procedure or may submt his own
standard procedure for review and approval by the Contracting Oficer.
Wher ever possible, surfaces in contact with water shall be wi re-brushed to

renove | oose material before filling the boiler with a solution containing:
caustic soda 11 kg24 pounds
sodiumnitrate 4 kg8 pounds
di sodi um phosphat e, anhydrous 11 kg24 pounds
approved wetting agent, 3785 | 230 g1/ 2 pound
1000 gal | ons wat er

Chem cal s shall be thoroughly dissolved in the water before being placed in
the boilers. The boiler shall then be operated at 210 to 345 kPa 30 to 50
psig and mnimumrating for 24 to 48 hours, exhausting the steamto

at nosphere. After the boiling period, the boiler shall be allowed to coo
bef ore being drai ned and thoroughly flushed out. Piping shall be cleaned
by operating the boilers for a period of approximtely 48 hours, wasting

t he condensat e.

.3.2 Boi |l er Water Conditi oni ng

Provi de chem cal treatnent and bl owdown of boiler water during periods of
boil er operation to prevent scale and corrosion in boilers and in steam and
return distribution systems frominitial startup of the system through the
testing period, and to final acceptance by the Governnent. Chem cals used
and nethod of treatnent shall be approved by the Contracting Oficer.

.4 POSTED | NSTRUCTI ONS

Submt framed instructions under glass or in |lanmnated plastic, including
wi ring and control diagrams showi ng the conplete |layout of the entire
system to be posted where directed. Condensed operating instructions
expl ai ni ng preventive nmai ntenance procedures, nethods of checking the
system for nornmal safe operation, and procedures for safely starting and
stopping the systemshall be prepared in typed form franed as specified
above for the wiring and control diagrans, and posted besi de the di agrans.
Post the framed instructions before acceptance testing of the systens.

SECTION 23 72 00.00 10 Page 18



3.

5 FI ELD TRAI NI NG

Provide a field training course for designated operating staff nenbers.
Training shall be provided for a total of [__ ] hours of normal working
time and shall start after the systemis functionally conplete, but prior
to final acceptance tests. Field training shall cover all of the itens
contained in the approved operation and nai ntenance instructions.

.6 TESTS

Foll owi ng installation, each boiler shall be tested hydrostatically and
proved tight under a gauge pressure of 1.5 tinmes the working pressure
specified and in accordance with applicable ASVE requirenents. Follow ng
the installation of piping and heat recovery equi pnent, but before the
application of any insulation, hydrostatic tests shall be nade and the
system proved tight under gauge pressures of 1.5 tines the working pressure
specified, but not |ess than the follow ng:

Low pressure |ines 275 kPa40 ps

Medi um pressure |ines 415 kPa60 ps

H gh- pressure-steam | i nes 1035 kPal50 ps

Boiler feed lines 1550 kPa225 ps

The boil ers and the piping shal
qualified as required by ASVE BPVC SEC VI |

be inspected by a boiler inspector
D1, ASME BPVC SEC I, or

ASME BPVC SEC |V, as applicable. A certificate of approval shall be
supplied for each boiler.

.7 EFFI Cl ENCY AND OPERATI NG TESTS

Upon conpl etion, and before acceptance of the work, the heat recovery plant

shal | be subjected to such operating tests as may be required to
demonstrate satisfactory functional operation. Each operating test shal

be conducted at such tines as the Contracting Oficer may direct. Water
nmeter used in the test shall be suitable for hot water. Provide
instruments, test equi pnent, and test personnel required to properly
conduct all tests; the necessary fuel, water, and electricity will be

furni shed by the [ Governnent] [ ]. The boiler operating tests shall

as a mninum be conducted continuously at the follow ng capacities for the
follow ng tine:

Test Percentage of Operating Capacity
Testing Tine Water VAll or Water Firebox Boilers
Tube Boilers
First 2 hours 50 50
Next 2 hours 75 75
Next 6 hours 100 100*

SECTI ON
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Test Percentage of Operating Capacity

Testing Tine Water WAll or Water Firebox Boilers
Tube Boilers

Next 2 hours 110 --

a. Firebox boiler shall not be operated above 100 percent of capacity.

b. The general performance tests on the heating plant shall be conducted
by an experienced test engineer and will be observed by the Contracting
Oficer. Atest report including | ogs, heat bal ance cal cul ati ons,
tabul ated results, and conclusions shall be delivered to the
Contracting Oficer as stated in the paragraph "PERFORVMANCE TEST
REPORTS. " [An analysis of the fuel being burned on the test shall be
submtted to the Contracting Oficer.]

c. Test of capacity of water treatnent equiprment and quality of the
ef fluent shall neet the requirements specified. Tests for ion-exchange
units shall cover at |east two conplete regenerations and capacity
runs. Tests for hot process or other precipitation type softeners
shal | be conducted continuously for a period of at |east 48 hours, wth
sampl es taken at 2-hour intervals.

d. Tests for steamquality in accordance with ASTM D 1066 shall be
conduct ed under the operating conditions specified.

e. Quality of steamused for air conditioning equipment shall be tested in
accordance with the conductivity nethod in ASTM D 2186 with the
conductivity of the steamcorrected for carbon di oxi de and ammoni a
content not to exceed 4.0 microsienens 4.0 m cromhos at 18 degrees C 65
degrees F.

. 8 RETESTI NG

If any deficiencies are reveal ed during test, such deficiencies shall be
corrected and the tests reconducted at no additional costs to the
Gover nment .

.9 FI ELD PAI NTI NG
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NOTE: \Where identification of piping is required by
the using service, this paragraph will be anplified
to include appropriate requirenents, either directly

or by reference to a separate section
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Ferrous netal surfaces not specified to be coated at the factory shall be
cl eaned, prepared, and painted as specified in Section 09 90 00 PAI NTS AND
COATI NGS. Exposed pi pe covering shall be painted as specified in Section
09 90 00 PAINTS AND COATINGS. Al um num | aggi ng over insulation shall not
be pai nt ed.

-- End of Section --
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