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The Unified Facilities Criteria (UFC) system is prescribed by MIL-STD 3007 and provides
planning, design, construction, sustainment, restoration, and modernization criteria, and applies
to the Military Departments, the Defense Agencies, and the DoD Field Activities in accordance
with USD(AT&L) Memorandum dated 29 May 2002. UFC will be used for all DoD projects and
work for other customers where appropriate. All construction outside of the United States is
also governed by Status of forces Agreements (SOFA), Host Nation Funded Construction
Agreements (HNFA), and in some instances, Bilateral Infrastructure Agreements (BIA.)
Therefore, the acquisition team must ensure compliance with the more stringent of the UFC, the
SOFA, the HNFA, and the BIA, as applicable.

UFC are living documents and will be periodically reviewed, updated, and made available to
users as part of the Services’ responsibility for providing technical criteria for military
construction. Headquarters, U.S. Army Corps of Engineers (HQUSACE), Naval Facilities
Engineering Command (NAVFAC), and Air Force Civil Engineer Support Agency (AFCESA) are
responsible for administration of the UFC system. Defense agencies should contact the
preparing service for document interpretation and improvements. Technical content of UFC is
the responsibility of the cognizant DoD working group. Recommended changes with supporting
rationale should be sent to the respective service proponent office by the following electronic
form: Criteria Change Request (CCR). The form is also accessible from the Internet sites listed
below.

UFC are effective upon issuance and are distributed only in electronic media from the following
source:

e  Whole Building Design Guide web site http://dod.wbdg.org/.

Hard copies of UFC printed from electronic media should be checked against the current
electronic version prior to use to ensure that they are current. /1/
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CHAPTER 1
INTRODUCTION
1-1 PURPOSE AND SCOPE. This UFC is comprised of two sections.

Chapter 1 introduces this UFC and provides a listing of references to other Tri-Service
documents closely related to the subject. Appendix A contains the full text copy of the
previously released Military Handbook (MIL-HDBK) on this subject. This UFC serves as
criteria until such time as the full text UFC is developed from the MIL-HDBK and other
sources.

This UFC provides general criteria for the design of steam and high
temperature water central and individual heating plants. The primary purpose of these
plants is to generate steam and/or high temperature water for space heat and process
steam.

Note that this document does not constitute a detailed technical design,
maintenance or operations manual, and is issued as a general guide to the
considerations associated with design of economical, efficient and environmentally
acceptable heating plants.

1-2 APPLICABILITY. This UFC applies to all Navy service elements and
Navy contractors; Army service elements should use the references cited in paragraph
1-3 below; all other DoD agencies may use either document unless explicitly directed
otherwise.

1-2 APPLICABILITY. This UFC applies to all DoD agencies and contractors
preparing designs of maintenance facilities for ammunition, explosives and toxins.

1-2.1 GENERAL BUILDING REQUIREMENTS. All DoD facilities must comply
with UFC 1-200-01, Design: General Building Requirements. If any conflict occurs
between this UFC and UFC 1-200-01, the requirements of UFC 1-200-01 take
precedence.

1-2.2 SAFETY. All DoD facilities must comply with DODINST 6055.1 and
applicable Occupational Safety and Health Administration (OSHA) safety and health
standards.

NOTE: All NAVY projects, must comply with OPNAVINST 5100.23 (series), Navy
Occupational Safety and Health Program Manual. The most recent publication in this
series can be accessed at the NAVFAC Safety web site:
www.navfac.navy.mil/safety/pub.htm. If any conflict occurs between this UFC and
OPNAVINST 5100.23, the requirements of OPNAVINST 5100.23 take precedence.

1-2.3 FIRE PROTECTION. All DoD facilities must comply with UFC 3-600-01,
Design: Fire Protection Engineering for Facilities. If any conflict occurs between this
UFC and UFC 3-600-01, the requirements of UFC 3-600-01 take precedence.

1-1
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1-2.4 ANTITERRORISM/FORCE PROTECTION. All DoD facilities must
comply with UFC 4-010-01, Design: DoD Minimum Antiterrorism Standards for
Buildings. If any conflict occurs between this UFC and UFC 4-010-01, the requirements

of UFC 4-010-01 take precedence.
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ABSTRACT

Basi ¢ design guidance is presented for steam heating plants and high
tenmperature water plants for use by architects and engineers. Criteria and
design requirements are given for selection of fuel, solid and liquid fuel
handl i ng and storage, comnbustion equiprment, auxiliary equipment, water
treatnment, and pollution abatenent systens, plants.
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FOREWORD

Thi s handbook has been devel oped from an evaluation of facilities in the shore
establishnent, from surveys of the availability of new materials and
construction nmethods, and from sel ection of the best design practices of the
Naval Facilities Engi neering Command, other Governnent agencies, and the
private sector. This handbook was prepared using, to the maxi num extent
feasible, national professional society, association, and institute standards.
Devi ations fromthese criteria cannot be w thout prior approval of
NAVFACENGCOM HQ ( Code 04).

Desi gn cannot remain static any nore than can the functions it serves or the
technologies it uses. Accordingly, reconmendations for inmprovenents are
encour aged and shoul d be furnished to Commanding Officer, Naval Energy and
Envi ronmental Support Activity, Code 111C, Port Hueneme, CA. 93043-5014;

t el ephone (805) 982-3499.

THI' S HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR PROCUREMENT OF
FACI LI TIES CONSTRUCTION. IT I'S TO BE USED I N THE PURCHASE OF FACI LI TIES

ENG NEERI NG STUDI ES AND DESI GN ( FI NAL PLANS, SPECI FI CATI ONS, AND COST

ESTI MATES). DO NOT REFERENCE I T IN M LI TARY OR FEDERAL SPECI FI CATI ONS OR OTHER
PROCUREMENT DOCUMENTS.
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Section 1: | NTRODUCTI ON

1.1 Scope. This handbook contains data and information as criteria
that shall govern the design of steam and high tenperature water (HTW centra
and individual heating plants. The primary purpose of these plants is to
generate steam and high tenperature water for space heat and process steamin
t he nost econonical, operationally efficient, and environmentally acceptable
manner possible for distribution to groups of buildings on shore
installations.

1.2 Cancellation. This military handbook, M L-HDBK-1003/6, cancels and
super sedes NAVFAC DM 3.06, Central Heating Plants of April 1985.
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Section 2: POLICY

2.1 Econony. New heating plants at shore installations shall be
designed to neet application requirements for the | owest overall ownership
operation and energy consunption costs during their life span. The
application of any facility nust be justified by an econonic analysis to
ensure the nost appropriate facility at the | owest overall cost to the
Government. The econom ¢ anal ysis for new or nodified plant construction
projects shall consider all suitable alternatives to determ ne the nost cost-
effective method of acconmplishnent. Figure 1 provides a list of cost

consi derations for conparing alternative plants. All econonm ¢ anal yses shal
follow the policy and procedures as outlined in SECNAVI NST 7000. 14, Econonic
Anal ysis and Program Eval uation for Navy Resource Managenent. For information
and guidance in performing a detailed cost analysis refer to NAVFAC P-442,
Econoni ¢ Anal ysis Handbook.

2.2 Plant Alternatives

2.2.1 Central Heating Plants. These plants are for groups of buildings
which are existing or anticipated within a five year program Central heating
plants are justified when the distribution systemw || have a lower life cycle

cost than other alternatives.

2.2.2 Cogeneration. Plants which generate electric power and heat
(cogeneration) can be utilized when an econom c analysis determnmines lower life
cycle costs than other alternatives.

2.2.3 I ndi vidual Heating Plants. Individual plants are typically inside
or adjoin the building they serve. Individual plants are considered when
econom cally justified and for the foll ow ng reasons:

a) When installation and nai ntenance of an extension of the
di stribution systemfroma central plant to an isolated building is not
econonically justified.

b) When dispersal of facilities and continuity of services are so
essential that disruption of service by any danage to the central heating
pl ant and connecting distribution system cannot be tolerated.

c) When fuel costs are paid by occupants of residence or famly
quarters.

2.2.4 Expansi on of Existing Plants. Additional steam capacity, including
reserve capacity for | oads expected within five years, nay be added to an

exi sting central heating plant. An econonic study nust show t hat
nodi fi cati ons and additions to an existing plant and distribution systemw ||
be nmore cost effective than other alternatives.
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+)))))))))))))))))?))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

tems Centr al Centr al | ndi vi dual
St eam HTW Pl ant s
Pl ant Pl ant

Economi zer or Air Heater..................
Forced and I nduced Draft Fans and Drives..
Fuel Storage & Fuel Handling..............
Fire Protection Systenms...................
Ash Handling......... .. .. ... . ... ... . ......
Metering, Scales, etc.....................
Deaerating Heaters........................
Condensate Receiver and Punmps.............
Boil er Feed Punps and Drives..............
Feedwat er Treatnent System...............
Conmbustion and Feedwater Controls.........
Bur ner Managenment System .................
Pi ping Systems with Valves and Fittings...

Steamor HTWReturn.....................

Condensate or HTWReturn................

Feedwater & Air........ ... ... ...
St acks, Breeching, Danpers and Accessories
Air Pollution Control Equipnent...........
Conpressed Air System....................
Bl owdown Systems..........................
Plant Building........... ... ..o ... ..
Equi prent Foundations.....................
Electric Work...... ... ... . .. ..
Emergency Generator.......................
Sanitary Work. . ... ... .. ..
Space Heating and Ventilating.............
Conti ngency, Overhead and Profit..........
Total Investment Cost.....................

Annual Owming CoSt........ ... oo
Annual Fuel Cost................ .. ........
Annual Electrical Cost....................
Annual Distribution Losses................
Annual Distribution System M ntenance.. ..
Annual Disposal Costs.....................
Annual Operation and Mi ntenance Materials
Annual Operation and Mi ntenance Labor. ...

ok R X X X % ok b b b R R b R R X X X X X b b b R R ok R R 2k % X X X X X X X %
b Gk kX X X b b b b R R R R R R X X X X X % ok b b b b ok ok ok ok % X X X X X

Note: Make sinilar conparison for each fuel under consideration
-22333333333333333333313131333133313113133313131313133333131313131333331313111IXXX10IIIIIXIX)))-

Figure 1
Format for Conparing Plant Costs
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2.2.5 Rehabilitation Versus Replacenment. |If an existing plant has
deteriorated to the point of produci ng nunerous outages, is becom ng a safety
hazard or is not in conpliance with air pollution regulations, its
rehabilitation or replacement will be determined by a life cycle economc
analysis. |If replacement is determned to be the nost cost effective then the
capacity of the nodern plant is required to handl e any additional projected

| oad. Necessary equi pment and systens for air pollution regulation conpliance
and ot her operating, safety or maintenance deficiencies nmust be included for
either the rehabilitated plant or replacenent plant.

2.3 Standby Facilities. A standby facility is a facility which is
redundant to the primary facility and maintained to operate in the event the
primary facility becomes inoperable. A standby facility will be considered
only when:

a) A crucial need exists and redundant equi pment and systens in
the primary facility will not provide required or necessary reliability of
conti nuous operation.

b) An outage coul d endanger |life or property, or seriously
interfere with the mission of an activity.

c) The financial loss to the Government from a reasonabl e out age
schedule will be greater than the costs of standby equipment.

d) The consuner load is sufficiently critical as determ ned by
NAVFACENGCOM Headquarters (Code 04).

When a replaced plant is considered for a standby facility it shal
be made suitable for operation in conformance with safety and clean air
regul ati ons.

2.4 St eam Versus High Tenperature Water (HTW Heating Plants. Centra
steam heating plants shall be utilized unless a thorough analysis dictates
that a HTWplant is preferable. The followi ng factors will be anong those

consi dered in the anal ysis:

a) Econonic advantages of thermal storage of the HTWsystemin
si zing of equi pment such as boilers, punps and piping.

b) Operating and mai ntenance costs of HTWdistribution system
versus steamdi stribution system

c) Pressure and tenperature requirements provided econonically by
st eam or HIW

d) Cost of replacement or renovation of existing plant and
di stribution system conpared with constructi on of new plant and/or
di stribution system A conparison will be on a life cycle basis. The
anal ysis nust indicate a system change is econonical before change is made.
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e) Prevalence of skilled plant operators in the area. This is
critical in renmote locations. HIWsystemoperators require nore skill to make
the system operate efficiently.

f) Conplexity of controls and ability of systemto maintain
fluctuating or constant tenperature conditions through the assigned or
exi sting heat transfer equipnent.

2.5 Fuel Sel ection

2.5.1 Sel ection. Refer to ML-HDBK-1190, Facility Planning and Design
Gui de, NAVFACI NST 10343. 1A, Navy Special, Navy Distillate and Marine Diese
Fuel G ls; On-Shore Use of, NAVFACI NST 10340.4C, Coal Requirenments and
Requi si ti ons, OPNAVI NST 4100. 6, Energy Financing and Source Selection Criteria
for Shore Facilities, and Navy policy on selection of fuels. Select fuels
which are within the National guide |ines and which produce the required
performance at |lowest life cycle costs. The fuel policy has been to use a
solid donestically produced fuel as a prinmary fuel for heating plants of
medi um si ze and above except where use of a solid fuel is not feasible because
of geographic considerations. Existing plants burning fuel oil or gas may
continue to burn fuel oil or gas. New or replacenment boilers in plants with
design input over the threshold mni mum established by Government policy, are
required to burn solid fuel. Another fuel may be used when the primary fue

is not available or where it is critical to keep the steam plant in operation
on an energency basis.

2.5.2 Characteristics. For properties of various fuels, characteristics
of handling equi pnent, and types of firing equipment, refer to Section 5.

When oil is used the boiler should be capable of conversion to grades No. 2

t hrough No. 6 oil.

2.6 Codes and Requl ati ons

2.6.1 Conformance. It is mandatory for the Federal Covernment to conform

to Federal, State, and |local air and water pollution abatenent codes. Section
6 provides information on selecting pollution control equi pnent and systens.

2.6.2 National |ndustry Codes. Where applicable, design shall conformto
the industry codes including the follow ng:

a) American Society of Mechanical Engineers (ASME), Boiler and
Pressure Vessel Code,

b) American National Standards Institute (ANSI) Standards,
c) American PetroleumlInstitute (APl),

d) National Board of Boiler and Pressure Vessels (NBBI),
| nspecti on Code,
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e) American Society of Heating, Refrigerating and Air-
Condi tioni ng Engi neers (ASHRAE),

f) American Society for Testing and Materials (ASTM,
g) American Welding Society (AWS),

h) Anerican Institute of Plant Engi neers (Al PE),

i) National Association of Power Engi neers (NAPE),

j) National Association of Corrosion Engineers (NACE),
k) National Fire Protection Association (NFPA),

) Air and Waste Management Associ ati on (AWA),

m American Institute of Chem cal Engineers (Al CHE),

n) American Institute of Mning, Metallurgical, and Petrol eum
Engi neers (Al MVE).

2.6.3 Saf ety Regul ations and Requirements. Refer to para. 10.12 and
10. 13.
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Section 3: PLANT DESI GN

3.1 Plant Study. A plant study shall be conducted before authorization
to devel op definitive designs is provided. The study will evaluate plant
operating parameters with a primary enphasis on econonic factors. Major
enphasis will also be given to energy conservati on and environnental concerns.
The documented study shall determ ne

a) Plant |oad and operating characteristics,

b) Fuels to be burned,

c) Required dependability of service,

d) Predicted lifespan of the plant,

e) Estimated cost (Capital and operating),

f) Required pollution abatenment equipnent.

Figure 1 provides the predom nant costs which affect the plant. It
may be used as a basis for conparing plant alternatives. Table 1 provides a
i st of predom nant design considerations for design of thermal plants.

3.2 Thermal Generating Equi pmrent

3.2.1 Equi pment Capacity.

The conbi nati on of nunber and size of thermal generating
equi pnment in a plant determines the plant capacity. A plant may be installed
with a single boiler able to provide the required plant capacity for
applications where loss of the boiler will not adversely affect the operation.
Most applications cannot tolerate the conplete |oss of a thermal plant. These
applications require that two boilers provide 135 to 150 percent of the
pl ant's maxi num st eam demand. The conti nuous capacity of the plant with a
boi |l er not operating shall be greater than the essential plant |oad. A spare
boil er may be needed to provide the necessary backup

The reconmmended net hod for selecting the nunmber of boilers in this
situation is to use three equal capacity boilers which can each carry 50
percent of the maxi num|load. A variation of this scheme is to use two equa
capacity boilers each capable of providing two thirds of the maxi mum| oad and
a smal |l er boiler capable of carrying one third of the nmaxi num|oad. The
maxi mum st eam pl ant demand shall not require operation of nmore than three
simultaneously fired boilers. A smaller peaking and of f-season boiler should
be included if increased efficiency at |ow | oads econonically justifies the
installation. Avoid installation of initial main boilers whose capacities are
smal | er than those to be added when the plant is expanded. Avoid
unnecessarily |large numbers of small boilers.
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Table 1
Pl ant Design Considerations

+)))))))))g%%%)))))))))))))))))))))))))))%%)))))))))))))))))))))))))))))))))),
/))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))l

* Load Characteristics fects number, size, and type of boilers.

* BO|Ier perfornance requi renents. (Turn down *
* rati o and response to | oad swi ngs.) *
/))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))l
* Fuel s Affects type of boiler fuel handling and

* pol I uti on control equipnent required. *
/))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))l
* Availability of water Affects type of water treatnent required.
/))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))l
* El ectric Service Affects type of auxiliaries. WII reqU|re emer -

* gency generator if continuous service is critica
/))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))l
* Pl ant Location I ding cost; altitude affects air density and

* stack hei ght. Local regulations affect type of *
* fuel and required pollution abatenment equi prent. =

=223333333333333333333333333133313333331333133333333131313331331313131313333131311133I))))-

3.2.2 M ni mum Load. The plant shall operate efficiently at m ninmm
| oads. The follow ng variables can be mani pul ated to neet m ni mum | oad
requirenents:

a) Type of fuel and nmethod of conbustion. This will determ ne
operating ranges of conbustion control turn-down which may range from8:1 to
3:1. The boiler turn-down rmust include the m nimum]load. By changi ng burner
tips in oil firing, |ow mnimm]l oads can be obtai ned.

b) Number of boilers. More smaller boilers will |ower the nininmm
pl ant capacity. This option should not be considered if plant would require
nore than four equal capacity boilers.

¢) Mnimum |l oad boiler/boilers. Were the difference between a
m ni mum pl ant steam demand and m ni mum boiler load with main boilers is |arge,
a small, packaged boiler unit with its own boiler feed punps should be used to
provide | ow plant capacities.

3.2.3 Qperating Pressure. Select a plant operating pressure which

provi des adequate pressure at any user outlet and allows for the pressure
drops through piping in the building, distribution system boiler plant, and
the dry piping in the boiler steamdrum Boiler design pressure should be 250
psi (1725 kPa) m nimum for all water tube boiler applications. For all other
applications, the design pressure should be deternined in accordance with the
ASME Boiler and Pressure Vessel Code. Mdify pressures when it is econonica
and practicable to distribute steam at pressures bel ow or above those

i ndi cated by this nmanual .
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3.2.3.1 Heating Plants. Heating plants nornally do not require operating
st eam pressures over 150 psig (1035 kPa). Lower pressures have snmaller heat

| osses fromdistribution piping. Cast iron valves can be used up to 125 psig
(862 kPa) but steel valves are required between 125 psig (862 kPa) and 150
psig (1035 kPa) unless 250 psig (1725 kPa) class cast iron valves are used.
For this reason, the recomended operating pressure range is 100 psig (690
kPa) to 125 psig (862 kPa) for maxi mum econony of distribution piping

i ncluding valves and fittings. Wen the nmaxi mum plant and distribution | oads
are large and the nost renote termninal requirenents cannot be satisfied with
sufficient quantities of steam conbinations of higher pressures and rel ated
pi pe sizes should be analyzed to conpare installation and operating costs of
various steam pressures up to 250 psig (1725 kPa) (the next higher pressure
rati ng of cast iron valves).

3.2.3.2 Process Loads Requiring Hi gher Pressures than 100 psig (690 kPa).
When a process load is required in excess of 100 psig (690 kPa) an econonic
anal ysi s shoul d deterni ne whet her steam shoul d be generated and distributed at
the pressure required at the process, distributed at two pressure |evels, or
generated at the higher pressure locally by a separate heating plant as
needed.

3.3 Equi pment Types and C assifications. Wtertube and firetube
boilers are the two general types of boilers available. The boilers are also
classified as either high pressure or |ow pressure and whether they produce
hot water or steam

A high pressure boiler is a boiler which operates at pressures
above 15 psig (103 kPa). The advantage of the high pressure boiler is reduced
boil er size and distribution piping required to equal the capacity of a | ow
pressure boiler. Mst |arge capacity boilers are high pressure boilers. A
hot water boiler is a misnoner since the water does not boil. A high
tenperature water (HTW boiler is a hot water boiler which produces water at
tenperatures higher than 250 degrees F (121 degrees C). Specia
consi derations for hot water boilers are discussed in Section 4.

O her classifications for boilers are type of fuel and nethod of
firing. Burners and stokers are the two general nethods of firing with
further categories of these types of firing schenes.

3.4 Boiler Type Selection. Once the operating paranmeters (load, fuel
etc.) have been deternined, the type of boilers which will provide the best
operating characteristics shall be selected. Table 2 |lists the advantages and
di sadvant ages of high tenperature hot water boilers versus steam boilers.
Section 4 contains additional design requirements for high tenperature hot
water boilers. Table 3 lists acceptable boiler types and criteria to consider
when sel ecting the type and possible pollutants to control. Pollution contro
equi pment will be a major cost factor when evaluating the nost cost effective
alternative.
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Table 2

Advant ages and Di sadvant ages of HTW Pl ants and Steam Pl ants

*33333333333333333333333313333333333131313333133313133331313131313131331331313131313333131311))))»

ok kX X X b b b b R R R R R R F X X X X X X Xk b b b o ok ok ok ok k% % X X

10.

11.

Hi gh Tenperature Water
Advant ages

M ni mal system water |oss; therefore
makeup primarily required for |osses
from punp gl ands, val ve packi ng,
expansi on tank overfl ow.

Supply and return water thermal
energy is retained in system
and not | ost through | eaking
traps, condensate | osses, PRV
stations and fl ashing.

| f desirable or necessary,
heat storage in systemwil|
al  ow conti nued operation
for a period of tinme after
heat input has been cut off.

Tenperatures of the HTWand space
conditions can be closely controll ed.

Systens will respond to quick
| oad swi ngs.

Heat storage (fly wheel) effect can
can reduce size of HTWgenerators.

Water treatnment requirenents are
mnimal in closed circulation | oop
syst ens.

No deaeration required.

No steamtraps or pressure reducing
stations required.

Di stribution system can nore nearly
fol | ow natural topography.

Boi |l er bl owdown not required for HTW
generat ors.

St eam
Advant ages

St eam system operati on nore
fam liar to nost operators.

Less punpi ng horsepower
required.

Provi des energy for uses
ot her than heating; i.e.
turbine driven equipment.

Fewer and | ess conplicated
control s.

Usual |y consi dered safer
due to possibility of highly
dangerous rupture with HTW

ok kX X X b b b R R o R R R R F X X X X X %k ok b b b ok ok ok ok % % X X

-2333333333333333333333333333333313333313333133331313333133331313331313333131II31IIX))))-
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Tabl e 2 (continued)
Advant ages and Di sadvant ages of HTW Pl ants and Steam Pl ants

%33333333333332333333333331313333313331313133331313131313133331313131313133331313131313333131311))))»

R R X X X ok b b b o o R R R F X X X X X X % b b b b R ok ok ok % X X

o

Hi gh Tenperature Water
Di sadvant ages

Primary and secondary punping
required to assure proper heat
di stribution.

Proper operation of system
depends on artificia
pressurization. Loss of
pressurizati on causes shut down.

Steam driven auxiliaries
not practicable.

Strainer or sedinment trap
required at inlet to generator
to prevent solid inmpurities
fromentering the generator.

Fl ashi ng of water on reduction
of pressure in piping system
can cause cavitation and water
hamrer .

Water flashing to steam

on rupture can result in

an extremely violent and
danger ousl y expl osive action
t hroughout the system

Under constant flow conditions,
hi gh return-water tenperatures
can result at
t hus causing additiona
| osses.

t her mal

Heat exchangers are usually
requi red at end usages of HTW

| ow | oad conditions,

St eam
Di sadvant ages

Condensate losses in
di stribution range from
12 to 25 percent m ni mum

Oxygen and bi carbonates in
the feedwater can result in
corrosion in the condensate
pi pe. Adequate water
treatnent is required to
prevent premature failure of
the condensate system

St eam boi |l er requires
expensi ve steam drum
extensi ve feedwater system

| nadequat e pressure at end
of steammain will cause

i nsufficient quantity of
steam for user.

General ly requires nore
excavation for underground
systens due to required
pitch of lines.

Val ves, traps, and strainers
are sources of steam | oads.

ok R X X X % ok b b b o R R R R kX X X X X X % b b b o ok ok ok k% X X

-233333333333333333313333333333333133333133331333313133331333313133313131331313I31IIX))))-
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Boi | er

Table 3

Selection Criteria

*33333333333333333333333333333333331313133331333131333331313131313333331313131313333131311))))»

Boi | er
Type

Fire
t ube
( packaged)

Wat ert ube
(shop
assenbl ed)

Wat er t ube
(field
erect ed)

St oker s

ok kX X X b b b b R R R R R R F X X X X X X Xk b b b o ok ok ok ok k% % X X

Typi ca

Capacity
Fuel Range
al 350 -

35,000 | b/ hr
Gas 350 -

35,000 | b/ hr
Unfired 350 -

35,000 | b/ hr
al 100 -

150, 000 | b/ hr
Gas 100 -

150, 000 | b/ hr
Unfired 100 -

35,000 I b/ hr
Gas 20, 000 -

No Limt
al 20, 000 -

No Limt
Coal 20, 000 -

No Limt
Wood 20, 000 -

No Limt

Possi bl e

Eni ssi ons

to Control Characteristics

NOx, SOx, Low Cost; typically fully

t oxi cs automatic; |ow pressure
(300 psig max); has sal vage
val ue; small space
requirements; easily
transport ed.

NOx

Dependent Requires reliable heat

on process
fue

NOx, SOX,
t oxi cs
NOx

Dependent on
process fue

NOx

NOx, SOx,
Toxi cs

NOx, SOx,
t oxi cs,
particul ate

NOX,
particul ate

t oxi cs,

source greater than
600 degrees F.

Low Cost; can be high
pressure; novable; smaller
space requirenments then
field erected.

Are typically nore
econom cal for boiler
bel ow 100, 000 | b/ hr; not
responsive to | oad swi ngs.

| oads

ok kX X X b b b R R o R R R R F X X X X X %k ok b b b ok ok ok ok % % X X

-2333333333333333333333333333333313333313333133331313333133331313331313333131II31IIX))))-
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Boi | er
Type

Pul veri ze
Coal

Fl ui di zed
Bed

Hi gh
Vol t age

ok o X X X ok b b R o R R R kX X X X X X X %

d
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Table 3

Boiler Selection Criteria (continued)

Typi ca
Capacity
Fuel Range
RDF 2,000 -
No Limt
Coal 50, 000 -
No Limt
Coal 50, 000 -
No limt
Wood 20, 000 -
No Limt
RDF 20, 000 -
Electric No limt -
150, 000 | b/ hr
Electric No Limt -
50, 000 | b/ hr

?))))))))))))))))))))))))))))))))))
e

Possi b
Eni ssi ons
to Control Characteristics
NOx, toxics,
particul ate
NOx, SOx, H gh energy and nmai ntenance
t oxi cs, requi rements; economn ca
particulate for capacities over
100, 000 I b/ hr
Toxi cs, Hi gh capital and

particul ate

Toxi cs,
particul ate

Toxi cs,
particul ate

None

None

and mai nt enance cost

Conveni ent ;
cost; smml |
requi rements

| ow capit al
space

ok ok X X X ok b b b R R ok R kX X X X X X X %

-23333333333333333331333333333333313333313333133331313333133331313331313133131II31IIX))))-

3.5

and type of firing.
determ ne distribution of heat within the furnace.

mai nt ai ned to keep | ocal absorption to a mnimum and avoid "hot spots."

Boi | er

Desi gn.

Bot h furnace heat

Pr oper

primary criteria for design are based on the follow ng:

is the Btu input

a)

b)

c)
d)

e)

Fur nace heat
rate per

Ef fective Projected Radiant Surface (EPRS)
the furnace in square feet which is exposed to radiant

G at e heat

rel ease rate --
cubi ¢ foot of furnace vol une

rel ease rate (for stoker

the volumetric heat

boi | ers)

Flue gas vel ocities through tube banks

Tube spaci ng

13

Boiler design is primarily dependent on the fue
rel ease rate and EPRS are factors which
val ues must

-- the portion of
heat of the flane,
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rel ease rate
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3.5.1 Heating Surface. Conputations of effective radiant heating surface
for water tube boilers are based on the foll ow ng:

a) Bare, nmetal -covered, or netallic-ore-covered tubes and headers-
projected area (external dianeter tines |length of tube) of the tubes or
header .

b) Extended surfaces (metal and nmetallic surfaces extending from
the tubes or headers): sixty percent of the flat projected area, except that
metal blocks not integral with tubes or headers, extended surfaces |ess than
1/4 inch (6 mm) thick or more than 1-1/4 inch (31 nm) in length, and the part
of the extended surface which is nore than one tube or header radius fromthe
tube or header fromwhich it extends are not included.

c) Furnace exit tubes -- the projected areas of those portions of
the first two rows of exit tubes receiving radiant heat fromthe fire.

d) Gate heat release rate -- This burning rate is the higher
heating value in the coal used per hour at rated boiler capacity divided by
the total active burning area of the stoker grate. Maximum val ues are
provided in Section 5, Table 12. These values are based on the assunption
that furnace walls are water cooled, that there is adequate furnace vol une,

and that the nost desirable type of coal for the unit is used. |In the absence
of these conditions, values should be reduced to ensure satisfactory
conbustion. A high grate heat release rate will cause high carbon | oss and

i ncreased particul ate em ssions.

e) Flue gas velocities through tube banks -- Gas and |ight oi
flue gas velocities are typically determned by the need to linmt draft
| osses. Coal, wood or solid waste boilers need to limt flue gas velocities
to prevent undue erosion of boiler convection tubes. The gas velocities
t hrough the convection section of these boilers shall not exceed velocities
shown in Table 4.

f) Tube Spacing -- Tube spacing is governed by the amount of
deposits which will accumulate. Spacing is not critical for boilers firing
gas or distillate oil. Boilers firing solid fuels or residual oil need proper

spaci ng and proper soot blow ng arrangement to |limt deposit buildup on tubes,
poor heat distribution, poor efficiencies and premature tube failures.

14
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Tabl e 4
Maxi mum Flue Gas Vel ocities (Feet Per Second) in Convection Sections for
Coal, Wod or Solid Waste Boilers

*333333333333333333333333333333333331313333133313133333133131313133333131313113333131311))))

* Si ngl e Pass Mul ti-Pass *
* Wat er Tube Wat er Tube *
* Solid *
* Coal Wod Wast e Coal *
* Pul veri zed coal 50 60 *
* Underfeed stoker 75 60 *
* Spreader stoker 60 50 (1) 50 *
* traveling grate *
* Spreader stoker 60 50 50 *
* traveling grate *
* Traveling grate 75 60 *
* (front gravity feed) *
* Solid waste 30 *

5000000000000000000000000000000000000000500000000000300 000000000000 D I
(1) I'f wood has sand, use 35 fps.

3.6 Plant Layout. The plant |ayout should be designed to reduce
mai nt enance tinme, and allow for easy operation of equipment.

Future situations to consider include:
a) Tube cleaning

b) Tube repl acenent

c) Future expansion

d) Conversion fuels

Tube repl acement for firetube boilers typically requires a space in
front of the boiler which is equal to the boiler's longest length. |If there
is a possibility of future conversion of firing equi pment to another fuel
provi de space for the installation and operation of such equi pnent and for
| ocal storage and handling of the new fuel. Enough room shall be provided to
accommodate all auxiliaries such as feed punps, fuel punps, condensate tank
wat er heaters, deairators, condensate receivers and other equi pnent normally
| ocated in the boiler room

15
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3.7 Energency El ectrical Power. M ni mum emer gency el ectric power.
VWhen steamdriven auxiliaries are used, provide emergency electrical power
generation to start up the plant and operate the foll owi ng essential services
until steam pressure is reestablished:

a) Coal and ash handling, coal firing, energency lighting,
i nstrument conpressors, conbustion managenent controls, flane safeguard
controls, control valves, control roomventilation and other essentia
operation requirenents including the auxiliaries for one boiler

b) Emergency electric power shall be provided for all essentia
services including plant auxiliaries. M nimm enmergency el ectrical power
shall be that which is capable of allowi ng the plant to generate steam
sufficient to serve essential |oad.

3.8 Feedwat er Punping System The ASME Boil er and Pressure Vessel Code
(Section 1, Paragraph PG 61) requires that boilers having nore than 500 square
feet of water heating surface and firing a solid fuel not in suspension be
provided with two nmeans of feeding water. It is recommended that all coal -
stoker fired boilers with a capacity above 100,000 | bs per hour (12.6 kg/s)
shoul d have dual feedwater systens containing separate headers, check val ves,

i solating valves, and regulating valves for operation flexibility and
enmergency. All coal -stoker fired coal boilers 20,000 | bs per hour (2.52 kg/s)
and above shall have a steam turbine-driven boiler feed punp and a notor-
driven boiler feed punp per boiler. Provide the steamturbine-driven boiler
feed pump (plant size) with energency treated water connection for coal -stoker
fired plants.

3.9 St eam Usage Consi derations. Consider uses for secondary steamto
deternine ways to operate a plant nore effectively. Several possible ways of
using steam for nore economnical operation are:

a) Fuel oil tank heating coi

b) Water heaters

c) Absorption type of refrigeration machines
d) Space heating

3.9.1 Refrigeration Units. Addition of refrigeration units to a plant
desi gn shoul d be consi dered where heating plant steam can be used during
summer to serve refrigeration machines. Chilled water produced by steam
absorption or steamturbine-driven refrigeration conpressors can be

di stributed econonically to buildings for space cooling. A conbined plant
saves consi derabl e building cost. The addition increases annual plant |oad
and may reduce owni ng and operating cost.

Tur bi ne driven equi pment can be econonmical if there is use for |ow
pressure exhaust steam Absorption refrigeration equi pment does not work
efficiently at low loads. |f absorption equipnent is not a significant |oad
it is advisable to utilize electric driven centrifugal equipnent. This
elimnates need for |ow pressure sumer steam and saves distribution costs,
line | osses, fuel and manpower.

16
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3.9.2 Steamdriven Auxiliaries. A conparison, simlar to that outlined
in Figure 1, shall be nmade for owning and operating steamturbine- versus

el ectric-nmotor-driven rotating equi pnent. Consider amounts of condensate
returned, possible waste of exhaust steamto the atnmosphere, and nunber of
operating hours using steamdriven instead of notor-driven equi pnent.
Reliability and continuity of service during power outages should al so be
factors when determining the nost cost effective alternative. Steamdriven
auxiliaries may be provided in lieu of, or in conjunction with, electric-
notor-driven units. Possible auxiliaries which can utilize steamdrives

i ncl ude feed punps, condensate punps, induced draft fans, forced draft fans,
air conpressors, overfire air fans and fuel oil punps. |In all cases
sufficient electric-nmotor-driven units must be provided to permt cold start-
up of the boiler plant.

17
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Section 4: HTW HEATI NG PLANTS

4.1 Ceneral Requirenents

a) Design engineers should be selected on the basis of their past
experi ence with HTW system desi gn

b) The design engineering firmselected should prepare a detail ed
econom ¢ anal ysis of conparable steam and HTW systens before a decision is
made to use either system

c) One of the main advantages of HTWconpared to steam systens is
the smaller pipe sizes and punps required due to the tremendous thermal
storage of water. Table 5 shows the influence of tenperature differentials on
pi pe and punp size. The minimumtenperature differential recomended is 100
degrees F (55.5 degrees C). The preferred tenperature differential range is
120 to 150 degrees F (66.6 to 83.3 degrees Q)

d) Refer to Table 6, for information on types of equi pnent and
their application.

Table 5
I nfluence of Tenperature Differentials on Sel ection of
Punps and Pi pe Sizes for HTW Systens

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Tenperature difference oF

Di scharge tenperature oF 270 300 350 400 450
Return tenperature oF 250 250 250 250 250
Mean tenperature oF 260 275 300 375 350

Fl ow rate per 20
(MIlion BTU hr) MVBH | b/ hr 1,000,000 400,000 200,000 133,000 100,000

Density of returning

R R X X X X X % ok b b b ok R ok ok % X X
LINE TN TN N I N IR N I I I TN TN N T NN A B I AN T

wat er | bs/ gal 7.86 7.86 7.86 7.86 7.86
Punp capacity GPM 2,125 850 425 283 212.5
Assumed punp head ft 100 100 100 100 100
Punp HP required HP 84.0 33.6 16. 8 11.2 8.4
Punp efficiency % 60 60 60 60 60
Punp size l.P.S. 8" 6" 4" 3-1/2" 3"

*(Assunmed head | oss 10'/100")
5000000000000000000000000000000000000000000000000000D000DDDD 000D D I
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Table 6

Equi pnent Sel ection for HTW Systens
+333333333333333333333333333333333333333333331313131331331333313333333333333333313))),

Pertinent |Information

*

/333333333333333333333333333333333333131313331331313131333313131313113313313131311333I313)))))1

* Equi pnent Type or Use

* HTW Generators Fi el d-erected stee
* for new plants wat ertube with no
* to 500 psig and st eam space.

* to 470 oF.

* Boiler furnace 125, 000 Btu/ hr

* (maxi mum heat

* input per square

* foot of effective

* radi ant heating

surface).

Forced circul ati on HTW

pl ants of snall-to-Iarge

size. Generator design
pressure 100 psi above
t hat of expansion tank.

Manuf act urer must prove
t hat nethod of
controlling circul ation
in tube circuits is
sati sfactory.

Do not pernit extended
surface in convection
secti on.

Consi der space

requi rements of
generators of severa

di fferent manufacturers
in plant |ayouts.

Set safety valve 50
psi g over expansion
tank safety val ve
di scharge setting

For oil or gas firing.
Limt furnace size to
fl ame cl ear ance.

LINE TN T O T N I I N TN N TN T NN N 2N IR N N TN N TN NN N NN NN BEE AN N N

-233333333333333333333333333333331333331333313333131333313333131331313333131II31IIX))))-
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Table 6 (continued)

Equi pnent Sel ection for HTW Systens

*3323333333333333333333313333333313333131333313331313333331313131333133131313113333131311))))

* Equi prent Type or Use

/)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

, 000 Btu/

105, 000 Bt u/ hr

Coal fired HTW
generator grate

area

Ai r heater Tubul ar or
regenerative

Economi zers Not economically
justified.

Soot bl ower s Conpr essed Air

Expansi on tank

ok kX X b b b b R R R R R R X X X X X X ok b b b ok ok ok ok ok % % X X

Pertinent |Information

For coal of 2,
or less ash fusion
tenmperature. Spreader
st oker w/traveling
grate over 25,000,000
Bt u/ hr out put .

For coal over 2,200 deg F
ash fusion tenperature.
Spr eader stoker

w traveling grate over

25, 000, 000 Bt u/ hr output.

See stoker selection
criteria. Furnace

exit gas tenperature

not to exceed 2200 deg F
or go 100 deg F bel ow the
ash fusion temperature

When economically
justified. Check safe
netal tenperature for
sul fur content of fuel

Max. air temp. for coa
stoker is 300 deg F

In counter-flow designs
of forced circul ation
boi |l ers, convection
section of boiler acts
as econoni zer

Coal or oil HITW
generators. Not required
for gas fuel

Desi gn pressure to
be at least 50 psig
above operating pressure.

*

))))))))%))))1

ok kX X Xk ok b b b R R R R R R X X X X X X ok b b o F ok ok ok ok % % X X

-2333333333333333333333333333333313333313333133331313333133331313331313333131II31IIX))))-
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Table 6 (continued)
Equi pnent Sel ection for HTW Systens

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

* Equi prent Type or Use Pertinent Information
/))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))l
HTW punps 350 deg F to 420 Mechani cal seals with
deg F maxi num heat exchanger for
tenmperature and 1750 cooling the water to
RPM or over. cool face tenperature of

the seals to 140 deg F nax.

Al'l oy steel inpellers
(mn. of 11% chromi um.

St ai nl ess steel shafts,
sl eeves and punp trim

Ball or roller bearings,
oi |l lubricated.

Stuffing box seals water-

cool ed.
Makeup punps
Up to 15 gpm Mot or -dri ven Punp di scharge pressure
reci procating shal | be sufficient to
punps. deliver water to the
system at 3% over the
Over 15 gpm Mot or driven hi ghest safety val ve
centri fugal setting according to
mul tistage or Section | of the ASME
reci procating Boi | er Pressure Vesse
punps. Code. The safety

val ves are generally

set at not nore than

6% over the maxi num
pressure to which the
system may be subject ed.

-233333333333333333333333333333331333331333313333131333313333131333131133131II131IIX))))-

ok kX X Xk ok b b b R o R R R R X X X X X X X % o o F F % ¥
ok kX X X % ok b b b R R R R R R X X X X X X X % o F F F ¥
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Table 6 (continued)
Equi pnent Sel ection for HTW Systens

*3323333333333333333333313333333313333131333313331313333331313131333133131313113333131311))))
> Equi pment Type or Use Pertinent Information >

/333333333333333333333333333331333313133131313331313131313333313131313113313313131311333I313)))))1

Converters Tubes and sheets 1. For secondary hot
of copper nickel, wat er punpi ng system
admralty netal 2. Tenp. differences
or heavy gauge bet ween | eavi ng HTW
steel . of primary system and
| eavi ng hot water of
Tube expanded and secondary system shoul d
rolled into sheets, be not |ess than 30 deg F
not wel ded. 3. Use fouling factor
of 0.0005 on secondary
si de
Radi ant panel s Heati ng of Direct utilization of
or convectors i ndustrial -type HTW
bui I di ngs.
Unit heaters Heating and Sel ect coils for
and air handling ventilating industri al circuiting, due to high
coils type buil dings. wat er tenp. drop and
air stratification
Suf fi ci ent continuous on air-Ileaving side.

flow of HTWt hrough
coil to prevent
freezing, not less
than 0.5 gpm

St eam generators Generation of steam Use fouling factor of
for heating, atom zing 0. 0001 on steam si de.
oil burners and
pr ocess.

Temp. difference between
| eavi ng HTW and steam
tenp. should not be

| ess than 30 deg F to

40 deg F.

Vapor di sengagi ng
vel ocity under 3 ft/s

ok kX X b b b b R R b R R R X X X X X X ok b b o F ok ok ok ok % % X X
ok kX X Xk ok b b b R R R R R R X X X X X X ok b b o F ok ok ok ok % % X X

-2333333333333333333333333333333313333313333133331313333133331313331313333131II31IIX))))-
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4.2 Definitions

4.2.1 Hi gh Tenperature Hot Water (HTW Systems. HIWsystens are designed
to operate at export tenmperatures of 350 to 420 degrees F (177 to 215.5
degrees C). Generally 400 degrees F (204.5 degrees C) is considered as a
maxi mum desi gn tenperature due to high pressures and the relative costs to
achi eve pressurization. The system pressure nust be at |east 25 psi (172 kPa)
above the saturation pressure of the HTW nmaxi mum tenperature to prevent punp
cavitation and flashing of superheated water to steam A system operating at
a maxi mum tenperature of 350 degrees F (177 degrees C) requires at |east 160
psia (1104 kPa) pressure and a system operating at a maxi mum t enmper ature of
400 degrees F (204.5 degrees C) requires a mnimm pressure of 275 psia (1898
kPa). The maxi mum system tenperature drop from export tenperature to return
tenperature should be 100 to 150 degrees F (55.5 to 83.33 degrees C). High
tenperature differentials in the HTWsystem can reduce distribution piping
sizes and distribution punping costs by requiring less water flow for the heat
requi red. However, as the temperature differential is increased the system
heat storage capacity is reduced.

4.2.2 Medi um Tenperature Hot Water (MIHW Systems. MIHW systens are
designed to operate at an export tenperature between 250 and 350 degrees F
(121 to 177 degrees C), with a nmaxi numtenperature drop of 75 to 100 degrees F
(41.7 to 55.6 degrees C). The system pressure nust be pressurized at |east 25
psig (172.5 kPa) above the saturation pressure to prevent punp cavitation and
flashing to steam

4.2.3 Low Tenperature Hot Water (LTHW Systenms. LTHWsystens are
designed to operate at an export tenperature between 150 and 250 degrees F
(65.6 and 121 degrees C). Systems above 180 degrees F (82.2 degrees C) mnust
be pressurized to prevent punp cavitation

4.3 Types of Systens

4.3.1 Recomended

a) Forced circulation hot water generators, separate expansion
vessel , steam pressurization, single punp. See Figure 2.

b) Forced circul ation hot water generators, separate expansion
vessel , steam pressurization, double punp. See Figure 3, at |ow | oads,
pressurization is greatly effected by increased tenperatures.

c) Forced circulation hot water generators, separate expansion
vessel, inert gas pressurization, single punp. See Figure 4.

d) Forced circulation hot water generators, separate expansion
vessel, inert gas pressurization, double punp. See Figure 5.
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Figure 2

High Temperature Water System with Steam Expansion Tank

(One Pump)
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Figure 3

High Temperature Water System with Steam Expansion Tank

(Two Pumps)
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Figure 4

High Temperature Water System with Inert Gas Expansion

(One Pump)
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Figure 5

High Temperature Water System with Inert Gas Expansion Tank

(Two Pumps)
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4.3.2 Not Recommended

a) Steam boiler, separate expansion vessel, direct-contact heat
exchange of steam and water in expansion vessel

b) Steam boiler, integral expansion vessel (boiler drum, water
drawn from bel ow water |ine of drum

4.4 System Water Vel ocities

a) Central heating distribution systens should be zoned.

b) Irrespective of flow rates and velocities, each zone should be
designed so that the total pressure drops in the zones do not vary nore than
15 percent from each ot her.

c) A mninmumvelocity of 2 ft/sec (0.61 ms) in the distribution
system shoul d be nmaintained to prevent stratification

d) A reasonable average system water velocity is 5 ft/sec
(1.52 m's). Velocities should be based on the nedian tenperature of the
system provided that operating tenperatures are in excess of 350 degrees F
(177 degrees C) and that the tenperature drop through the heat exchange
equi pment is no |l ess than 90 degrees F (50 degrees C) nor nore than 130
degrees F (54.4 degrees Q)

4.5 Types of Distribution Circuits. There are many types of
distribution circuits in general use. The selection of the best systemfor
the particular terrain and situation is essential for satisfactory operation
of a HTWplant. Extrenme care nust be exercised not to design a distribution
systemthat is difficult to operate, balance, and control

4.5.1 Direct-Supply, Single-Circuit. HIWis fed fromthe central plant
directly to the buildings to be served, passes through the heat exchange
equi pment, and returns to the generators through the return main. This is a
sinple systemto design and is the nost prevalent in use. |t nust be
understood that the pressure at the entrance to each connected structure is
different and the sizing of control valves to give balanced fl ow nmust be
carefully analyzed. |In a series circuit the decreasing supply-water
tenperature fromstructure to structure nust be accounted for in heat
exchanger design. See Figure 6.

4.5.2 Direct-Supply, Radial. This systemutilizes a nunber of individua
distribution circuits. 1n such a design the length of runs tends to be
shorter, and differences in pressure at the entrances of buildings served are
less. Control-valve sizing is not as difficult as with the direct-supply
single-circuit. See Figure 7.

4.5.3 Direct-Supply, Reverse-Return. As depicted in Figure 8, the return
lines are reversed. HITWfromthe central plant is fed to the connected
structures. The return mains are reversed so that the farthest buil dings,

whi ch have the |ongest supplies, have the shortest returns. |In this manner,
the systemis nore easily balanced and pressure differentials at all connected
structures are nearly equal
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4.5.4 One-Pi pe Loop-Main. A single distribution pipe is used to
distribute HTWto the connected structures. Return water fromthe building is
fed back into the loop main. The effect of |ower tenperatures at buil dings
farthest fromthe central plant nust be considered. See Figure 9.

4.5.5 Primary and Secondary Distribution Systens. This is actually not a
separate systembut a type of distribution that can be utilized by any of the
previously described systens. HIWcarries the water economcally over |ong
sections of pipe. At the connected structure, the HTWis converted through
heat transfer devices into | ow tenperature water. The designer can then use
standard heat transfer devices for the buildings. See Figure 10.

4.6 Hot Water Generators

a) Design the heating plant for not |less than two generators
totaling 135 to 150 percent of the heating | oad.

b) \here practicable, the ultimte heating plant shall not require
operation of nore than three sinultaneously fired generators.

4.6.1 Types

a) HTWgenerators should be of the controlled forced circulation
wat er tube type, specifically designed for HTWservice.

b) Fire-tube boilers and natural-circul ation water-tube boilers
are not recomended.

4.6.2 Design. Generators should be designed and constructed to be
suitable for the intended HTWservice and should be certified as such by the
manuf act urer.

4.6.2.1 Maxi mum Pressure Drop through Generator. Hot water generators
shoul d be designed to have a maxi mum pressure drop through the generator of 15
psi (103.5 kPa). Keeping the pressure drop low, usually elimnates the need
for a separate generator circulation punp, which reduces punp operating and

i nvest ment costs.

4.6.2.2 St eam Space. A HTWgenerator should be designed to have no steam
space. Inclusion of steam space of any kind within the generator can cause
serious circulation problens in the internal tube circuits and possible tube
failure.
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Figure 6
Direct Supply Single Circuit
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Direct Supply - Radial
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4.6.2.3 Tube Design. All tubes in the heat transfer zones shoul d be
designed for upflow only. One of the inherent dangers in a HTWgenerator is
the possibility of devel opi ng steam bubbles. Since steam occupi es much
greater space than water, steam bubble generation can cause interrupted fl ow
in a tube or tube circuit with resultant tube failure. Wen all tubes can
produce only upflow, it is possible for the steamto escape fromthe generator
and for water flow equalization to be reestablished. Trapped steam spaces
must be avoi ded. Design of economni zers, which are simlar in construction to
hot water generators, has shown that upflow is extrenely inmportant when the
tenperature of the water approaches that of saturation. Were a tube is

desi gned for downfl ow of water, it should be renoved fromthe heat transfer
zones.

4.6.2. 4 Equal i zati on of Flow through Tube Circuits. Generator design nust
provide for equalization of flow through tube circuits. The water circuiting
in the forced circul ation generator is a major design consideration. The
circuiting nmust effectively distribute the water in proportion to the heat
input in any individual circuit. This is especially inmportant in a steam
pressurized system where the water approaches saturation tenperature at the
di scharge of the generator. The flow of water nust be proportioned to the
heat input to prevent the formation of excessive anmpunts of steam

4.6.2.5 Furnace Design. Furnace design and burner installation should be
coordinated to ensure that there is no flane inpingement on furnace tubes and
wall's. Flame clearance is the major criterion when designing oil and gas
conmbusti on chanbers.

4.6.2.6 Bl owdown. Conti nuous bl owdown of generators is a carryover from
past steam practices of elimnating sludge fromnud druns. Bl owdown is not
required since there is little, if any, sludge in HTWsystens after the
initial fill.

4.7 Efficiency. See Section 9.
4.8 Pressurization. Pressurization is required in HTWsystens in order

to prevent the formation of steamin the flow lines. This can be acconplished
by exerting a pressure on the water greater than the saturation pressure
corresponding to the peak tenperature of the system

Col | apse of pressurization nust be avoi ded when systemis in
operation. Sudden or conplete collapse of pressurization will lead to
flashing of steam water hamrer, and sinilar phenonena that will set up
stresses and strains that the systemis not designed to absorb

System shoul d m nimze fluctuations in system pressure and out goi ng
tenperature of water from generator. |If wide fluctuation in pressure is
all owed, the entire system my be affected. Therefore, those systens that
all ow the system pressure or outgoing tenperature to rise or fal
significantly are not as satisfactory. It is also possible that pressure
variation will affect the flowrate of water through the generator, especially
with one punp systens. Reduced flowrate may result in vapor |ocking and
subsequent tube failure.

4.8.1 Accept abl e Pressurizati on Methods

4.8.1.1 Saturated Steam The expansion tank is |located on the suction side
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of the system punp by neans of an interconnecting balanced |ine. The steam
cushion in the expansion tank is produced by flashing HTWsupply and by the
operation of the external steamboiler. The HTWheat energy source for
flashing is provided by neans of a small bleed line connected at the HTW
supply |l eaving the generator. The HTWflows to the expansion tank to maintain
the water in the tank at near generator discharge tenperature. The bleed |ine
al so serves as a bhoiler feedwater source to the external steamboiler. The
external steam boil er adds sufficient additional heat energy to the HTW bl eed
supply to produce steam at the desired pressure in the upper portion of the
conpression tank. Although the flashing water content in the |ower part of
the tank may al one produce a steam cushion at saturation pressure
corresponding to HTWsupply tenperature, system characteristics require
pressures higher than saturation. The external boiler provides a means for

mai nt ai ni ng system pressures above saturation under all conditions of
operation. A pressure of 25 psi (103.5 kPa) above HTWsaturation pressure is
consi dered to be a mininumdifferential

One difficulty experienced in nany steam cushi oned systens is that
of steam flashing in generator tubes during a cold start-up. The reason for
this flashing is that until steam has been produced, the system operates in an
unpressurized condition. |In this state, furnace heat produces steam bubbl es
in generator tubes in spite of maintained water circulation. As the steam
bubbles form they collect and reduce the mass of water circulated in the tube
whi ch further accelerates flashing and reduced heat transfer. This flashing
has resulted in tube failure by overheating.

The external boiler permts operating pressure to be established
prior to firing the generators. This is acconplished by starting the externa
boi |l er and establishing the expansion tank pressure first. Once the systemis
at operating pressure there is little interchange of heat between the steam
cushion and the water in the expansion tank. Therefore, the energy
requi rements of the external boiler are essentially linted to the tank
surface heat | osses and the generation of steamto replace the | oss of water
vol ume experienced during the net contraction of systemwater. The small
magni t ude of heat exchange between the tank water and steam cushion can be
better realized when one considers that the tenperature of the steam and water
at their point of contact is the sane. Heat transfer, therefore, depends
mai nly on conducti on between the upper and | ower parts of the steam cushion
and upper and | ower parts of the water volune. Wthout mechanica
turbul ation, the water tenperature levels will tend to stratify with the
war mest (|l owest density) on top and the cool est (highest density) on the
bottom -~ Stratification, therefore, tends to linmt heat exchange in a manner
advant ageous to the desired process.

4.8.1.2 Inert Gas. This cycle places the expansion tank on the suction
side of the system punps by nmeans of an interconnecting balance line. No
system water flows through the tank due to action of the punps. The point of
connection of the balance line to the systemreturn water piping is known as
“the point of no pressure change". This phrase is defined as indicating that
the total pressure value within the piping at that point remains the sane
whet her the punps are running or stopped. The "point of no pressure change"
is important to assure a condition that will prevent cavitation at the punp
impel ler. Such a condition requires that a pressure be nmaintained well above
the boiling point of water at any tenperatures likely to exist.

The expansion tank is charged with nitrogen to provide the desired

system static pressure level. The charge of gas is a fixed quantity and
assum ng no | eakage or water absorption would remain wthout adding or
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subtracting amounts of any |load condition. The pressure within the expansion
tank, however, will not remain constant since the water level is constantly
changing with heating | oad change. As the heating | oad decreases and the
return water becomes hotter, the water expands and flows into the expansion

tank raising its level. This rise in level will conpress the nitrogen to a
hi gher pressure. In addition to these thermal expansion pressure changes,
loss in systemwater volume will also reduce tank | evel and subsequently the

pressure. N trogen is automatically added to maintain the m ni mum system
pressure. Any operating experience that shows steamformation is taking place
in the systemrequires a reevaluation of pressure settings. Because the
systemis designed to nake pressure and tenperature independent of each other
the pressure |levels may be raised without affecting tenperature control

M ni mum pressure shoul d be 25 psig (103.5 kPa) above saturation pressure
correspondi ng to supply water tenperature.

It is inportant to note that the HTWgenerator burners shoul d not
be fired until the mnimum system pressure has been established. Since the
HTW generator will steameven with cold water at |ow pressure, tube failure is
i kely. When steam bubbles begin to formin the generator tubing, they
i nsul ate the tubes and further speed up tube burnout. Scaling of tubes is
al so accelerated with steam formation. Nitrogen should be added automatically
to the expansion tank through a pressure reducing valve fromthe nitrogen
storage tank. Do not use conpressed air for pressurization because air wll
be absorbed by the HTW system and consequently cause oxygen corrosion in metal
conponent s.

4.8.2 Unaccept abl e Pressurizati on Methods

4.8.2.1 El evated Tank. This is theoretically the sinplest method of
pressurization. The tank or pressurizing vessel is placed on a hillside or
suitabl e elevation, sufficient to provide proper hydraulic pressurization
Pressure change with volume is automatic as it varies with the rise and fal
of temperature. However, the practicability of this system depends on
suitable terrain, which is rare.
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4.8.2.2 Hydraulic Punp Arrangenent. As expansion occurs, an automatic

val ve rel eases water to a receiver. As the water contracts, a hydraulic punp
is activated, punping water fromthe receiver back into the system This
systemis inpracticable because small volume changes result in |arge pressure
changes. Al so, oxygen can be introduced into the system

4.8.2.3 Wei ghted Plunger Arrangenent. This systemutilizes a separate
vertical expansion tank, a weighted plunger, and necessary seals. The plunger
rises and falls as the volume of water changes and is independent of
tenperature and vol ume changes, mamintaining a constant pressure on the system
Seal probl enms, however, have been serious, and this system has not proved
practicable for HTW

4.8.2. 4 Pressurization of the Boiler Drum Pressure is maintained in the
boiler drum at the desired pressure level w th expansion of the water taken up
in the rising water Iine of the drum and any excess amount being relieved to a
lightly pressurized vessel. A boiler tube failure would cause inmnediate
pressure | oss, with subsequent flashing and water hanmer.

4.8.2.5 Conbi nation Inert Gas and Steam Pressurization System In this

system a separate expansi on vessel, inert-gas tank, external heat source, feed
punps, and necessary controls are used. As water expands, the inert gas
pressurized tank allows water to enter an externally heated spill tank under

its own pressurization. Pressure in the expansion vessel is kept constant by
rel easing and refeeding water into the system This systemis conplex,
costly, and difficult to maintain, and is therefore unacceptable.

4.8.2.6 Air Pressurization System The use of air as a pressurization
agent is unacceptable since corrosive oxygen is placed into the system

4.8.3 Advant ages and Di sadvantages of Steam and Inert Gas Systens. There
is little advantage of one system over the other. The choice of
pressurization is usually an econonic choice rather than one of technica
advant age.

4.8.3.1 St eam Pressuri zati on Advant ages

a) Lower operating pressures due to pressure-tenperature
rel ati onshi ps.

b) Constant system pressure in expansion vessel
c) Controls usually fewer and | ess conpl ex.

d) Large anount of thermal storage in expansion vessel which aids
in peak | oad absorption.
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4.8.3.2 Steam Pressuri zati on Di sadvant ages

a) Full flow of heated water through tank, which requires
addi ti onal insulation.

b) Inflexibility of expansion vessel |ocation, which can require
hi gher generator roomns.

4.8.3.3 Inert Gas Pressurization Advant ages

a) Relatively cool expansion vessel expansion tank which is
| ocated so that convection currents are restricted and systemwater flow w ||
not enter the tank.

b) Flexibility in |ocating expansion vessel

c) System pressure that can be designed for any value within
recomrended linits.

4.8.3.4 Inert Gas Pressurization Di sadvant ages
a) Higher system pressures. |In order to ensure that system
pressure will not drop bel ow saturation pressure, a safety factor nust be

i ncl uded in design considerations. This may necessitate the use of higher
pressure rated fittings and val ves.

b) Inert gas costs.

4.9 Expansi on Vessels. All systems should have dual expansion tanks to
all ow for inspection and mai ntenance while the systemis on-1line.

4.9.1 Pur pose. Expansion vessels absorb the expansion and contraction of
system water due to |load variation and ensure, at all times, a controlled
system pressure above that corresponding to the saturation tenperature. They
may al so act as a nonentary source of water supply in case of a system

mal f uncti on.

4.9.2 Si zing. Under no circunstances where heating is the basic |oad
shoul d the expansion vol ume be based on cold water conditions. The expansion
vol ume shoul d be based on normal design supply and return line differentials.
In a steam pressurized systemthe dianeter of the expansion vessel should be 6
ft (1.83 mM or nore with an aspect ratio of 3.5 to 1

4.9.3 Expansi on Vessel Volune for Steam Pressurized Systems. See Figure
11.
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EQUATI ON: VT = V1 + Vo + V3 (1)
wher e: V1 = Total expansion vessel volume
Vq = Volune required for pressurization
Vo = Volune required for expansion and contraction

V3 = Volume required for sludge space, pump suction coverage,
and reserve capacity

4.9.3.1 Vol ume Required for Pressurization
EQUATI ON: V1 = 0.2(Vo + V3) (2)
wher e: Vq = Volune required for pressurization

Vo = Volune required for expansion and contraction

V3 = Volune of sludge space based on 6 inch (15.24 cm of depth
plus the greater of the followi ng two volunmes: a) The vol ume of water
sufficient to cover the top of the punp intake |line in the expansion vessel by
6 inches or b) the volune needed to provide a 30 second supply of water based
on conbi ned punp capacity.

4.9.3.2 Vol ume Required for Expansion and Contraction. These two equations
show t he devel opment of this volune cal cul ati on.

EQUATION: Vo = Max Supply Water Expansion + Max Return Water Expansion (3)

+Q S, +Q S,
Lwi * Lwraxrt - Lwri nrt =
EQUATION: V2 = = S )))))))) ))))D)Q * 4 FSIININIIIINIDIINIINI (4)
Maxst DM Nst = * “Draxr t Dminrt ™
wher e: LWaxst = Lb of water at maxi mum supply tenperature

LWii nst = Lb of water at minimmsupply tenperature
SDhaxst = Specific Density at maxi mum supply tenperature
SDpinst = Specific Density at mininum supply tenperature
LWiaxrt = Lb of water at maxi numreturn tenperature
LWyinrt = Lb of water at mininumreturn tenperature
SDhaxrt = Specific Density at maxi numreturn tenperature

SDninrt = Specific Density at mininumreturn tenperature
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Supply water volune = the volune fromthe generator outlet, through
the expansi on vessel, punps, supply
di stribution system and heat exchange
equi prent .

Return water volume = the volunme fromthe heat exchanger outlet,
through the return distribution systemto the
inlet side of the generator

4.9.4 Expansi on Vessel Volune for Gas Pressurized Systems. See Figure
11.
EQUATI ON: VT =V + Vo + Vg (5)
wher e: V1 = Total expansion vessel volume
Vq = Volune required for pressurization
Vo = Volune required for expansion and contraction
V3 = Volume required for sludge space, pump suction coverage,
and reserve capacity
4.9.4.1 Vol ume Required for Pressurization
\ —(Pri
EQUATI O v =s5595855¥935d0 (6)
max
wher e: Vi = Mnimm gas volune required for pressurization
Phrin = Mnimmgas pressure (should be above saturation
pressure-tenperature relationships)
Viax = Maxi mum gas vol une (Vpgx = Vo + V3)
Phrax = Maxi mum gas pressure (should be bel ow pressure ratings of
pi pi ng, valves, and fittings)
Vo = Volume required for expansion and contraction
Vg = Vol unme of sludge space based on 6 inches of depth plus
the greater of the followi ng two volumes. The vol une
based on sufficient water to cover the top of the punp
intake line in the expansion vessel by 6 inches or the
vol ume needed for a 30-second supply of water based on
conmbi ned punp capacity.
4.9.4.2 Vol ume Required for Expansion and Contraction. These two equations

show t he devel opment of this volune cal cul ation
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EQUATION: Vo Max Supply Water Expansion + Max Return Water Expansion (7)

+Q S, +Q S,
* LWmayxs * Lwraxrt - Lwri nrt =
EQUATION:  Vp = cc * g)»))))»g»»)))o LT ISRIMIMMMIIMNMAL (8
*Q maxst DM Ngt S* 0 Dm nrt S

wher e: LWraxst Lb of water at maxinmum supply tenperature
LWii nst = Lb of water at minimmsupply tenperature
SDhaxst = Specific Density at maxi mum supply tenperature
SDpinst = Specific Density at m ni mum supply tenperature
LWraxrt = Lb of water at maxi mumreturn tenperature
LWyinrt = Lb of water at minimumreturn tenperature

SDhaxrt = Specific Density at maxinmumreturn tenperature

SDpinrt = Specific Density at mininumreturn tenperature

Supply water vol unme the volume fromthe generator outlet, through
the supply distribution system and the heat

exchange equi prent.

Return water volunme = the volunme fromthe heat exchanger outlet,
through the return distribution system
expansion vessel, pumps, to the inlet side of
t he generator.

4.9.4.3 Design Criteria for Steam Pressurized Systens

a) The vertical height of the expansion vessel above the punmp
shal | be such that the avail abl e net positive suction head (NPSH) is not |ess
then 125 percent of the required NPSH of the punmp.

b) Provisions nmust be made for expansi on and anchoring of the
supply and return connections of the expansion vessel

c) The generator supply piping to the steam pressurized vesse
shoul d sl ope upward to allow venting of free gases. Cut-off valves should be
| ocated at the beginning and end of the supply line. Each generator should
have separate supply piping to the expansi on vessel

d) Generator-supply piping entering a steam pressurized vesse

shoul d be horizontal, with holes or slots to rel ease water, thereby breaking
up steam bubbl es and avoi di ng shocks.
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e) In the expansion vessel, the punp intake line should be |ocated
to prevent short circuiting of the cooler return water, and a m ni num of 6
i nches (152 m) below the water |ine of the expansion vessel

f) Provisions should be made to prevent vortexes fromformng at
the inlet of the punp intake line. This will aid in preventing cavitation in

t he punp.

g) The expansion vessel nust be |ocated at a | evel above the
generator outlet. An expansion vessel |ocated bel ow the boiler outlet can
flood, causing the steam space to form outside the expansion vessel

4.9.5 Design Criteria for Gas Pressurized Systens

a) The punp suction line should extend a mini num of 6 inches
(152 mm) above the expansion vessel bottomto prevent sludge fromentering the

punp.

b) The Iine between the expansion vessel and return main should be
the sane size as the return main.

c) The expansion vessel should be |ocated on the inlet side of the
generator and on the suction side of the punp.

4.10 Punps. The three primary considerations in punp selection are
suitability for HTWservices, |eak-tightness and NPSH

4.10.1 Punp Types. Single stage centrifugal punps are nornally used to
circul ate HTWthrough the distribution systemand through the generator. The
punps selected for this service nust be designed especially for HTWin order
to secure efficient, reliable operation with a m nimum of maintenance. The
head characteristic of the systemcircul ating punps should be flat in order to
deliver nearly constant head throughout the range of operating capacities.
Generator circulating punps shall have steep head characteristics to
accommpdate the controlled circul ation concept. At the same tine it is
necessary that the maxi mum head shoul d occur at shutoff and should fall off
gradual Iy up to maxi mum capacity, suffering a decrease in pressure no nore
than 15 percent bel ow the shutoff pressure at the maxi num operating capacity.
Circulating punps are located in the return Iline of the systemin order to
mai ntain the hi ghest possible positive suction head.

To further inprove and guarantee efficient operation of these
punps, a mxing connection is provided so that a portion of the system water
mxes with the water fromthe generator, lowering its tenperature to avoid the
danger of flashing at the punp suction. The suction intake of HTW punps nust
be carefully designed to avoid sudden changes in velocity or direction which
m ght contribute to flashing and inefficient operation. Adequate water
cooling must be provided for all punps. Mechanical seals are recomended.
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4.10.2 Punp Acceptance Tests

a) Al punps used for HTWshould be tested at the factory in a
range of tenperatures and correspondi ng saturation pressures from 250 degrees
F (121 degrees C) up to the design operating tenperature of the system The
punp should be pressure tested at one and one-half tinmes the maxi num design
operating pressure of the system The manufacturer nust certify that these
tests were perforned and subnmit themto the Contracting Oficer.

b) The punps should be rated in terns of pounds per ninute versus
head requirenents at the above nmentioned pressures and tenperatures.

4.10.3 Constant versus Vari able Speed Punps

a) Variable speed punps should be used for HTWsystens when
econom cal ly justifiable.

b) Preferred procedure is to use three punps, each sized for 50
percent of the load, with one punp for stand-by.

c) Where sumer |oads are small, an additional punp sized at 25
percent or |ess may be used.

4.10.4 Net Positive Suction Head

a) The required NPSH of the punp shall not exceed 80 percent of
the available NPSH. The required NPSH is the head that the punp manufacturer
must know for correct operation of the punp. The available NPSH is the head
needed to provide this required head, in the formof either static or pressure
head.

b) If two or nore punps of differing head requirenents are used,
NPSH shoul d be based on the punp having the greater head requirenents.

4.10.5 One- Punmp versus Two-Punp Syst ens

a) A one-punp system nmy have many punps in the system but they
all serve the conbi ned purpose of delivering water to the generators as well
as the system

b) A two-punp system may have many punps in the system but one
set of punps delivers water to the generators, and another set of punps
delivers water to the system

c) Hot water generators are designed for a specific flow of water
through the generator. A mninumquantity is needed to protect against tube

failure and steam generation. |In a one-punp installation, this flowis
usual Iy controlled by an automatic bypass val ve which provides a uniformflow
to the boiler regardl ess of distribution systemload variations. 1In a very

| arge HTWsystemit may becone necessary to use a two-punp systemfor contro
of water through the generator. The quantity of water circul ated through each
generator is kept nore or |ess constant no matter at what rate the generator
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is fired. There need be no relationship during operation between the
quantities of water circulated by the system punps and the generator
circulation punps in this arrangenent except that system flow nust always be

| ess than generator flow Wth this double punp arrangenent no instrunents or
ot her equi prent are needed to control the flow through the generator because
the circul ati on punps have a constant capacity and are entirely independent of
the systemcircul ation.

d) Where two or nore generators are installed, the generator
havi ng the greatest pressure drop should be used in punp head cal cul ati ons.

4.10.6 Single- versus Miltiple-Stage Punps. Singl e-stage punps should be
used for HTWsystens. \Where the head requirements exceed the capabilities of
a single-stage punp, the preferred procedure is to use single-stage booster
punps within the distribution system

4.10.7 Locati on

a) On steampressurized systens, punps should be located in a
central position with respect to the generator(s) and expansi on vessel. The
i nes connecting the expansion vessel and punp should contain no unnecessary
turns or restrictions, and the punp |ocation should provide the maxi num NPSH
possi bl e. The punp shoul d be accessible for maintenance, and provisions
shoul d be nade to prevent m salignnent due to external piping at elevated
tenperatures. Usually the punp sucks fromthe hottest water in the system
On some systenms, a blending nechanismis utilized to reduce the tenperature to
the punp to prevent flashing or cavitation

b) On gas-pressurized systens, the expansion vessel should be
| ocated on the inlet side of the generator and on the suction side of the
punp. The punp shall be accessible for maintenance and provisions made to
prevent msalignnent at el evated tenperatures.

4.10.8 M scel | aneous

a) Where separate generator punps are used, the punp
characteristics should be in accordance with the reconmendati ons of the
gener at or manufacturer

b) In order to reduce the costs of neeting increased future head
requi rements of the system all punps and casings should be designed to take
the next |arger inpeller size.

c) The punp motor and accessories should be selected on the basis
of the larger inpeller size.
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4.11 Controls. M L-HDBK-1003/12, Boiler Controls, provides design
criteria for plant controls. Paragraph 8.10 provides guidelines for selecting
the type of control

4.11.1 Conbustion Controls for Forced Circulation Generators with Steam
Pressuri zed Systens

a) Provide for continuous nodul ating control of firing, since
interruption of firing may cause a | oss of pressurization in hot tenperature
wat er systens.

b) For generator outputs up to 10,500,000 Btu per hour (3077 kW,
use the water outlet tenperature fromeach boiler to control the firing rate
of the generator.

c) For generator outputs under 30,000,000 Btu per hour (8790 kW,
provide a water outlet tenperature regulator on each generator to control the
firing rate on that generator and a master pressure controller on the
expansion drumto override the individual tenperature regulators when
necessary to average out the total |oad anong the generators carrying the
| oad.

d) For generator outputs over 30,000,000 Btu per hour (8790 kW,
regulate the firing rate of each generator by the tenperature difference
between outlet and inlet water tenperatures. This difference nmust be measured
directly in order to avoid conpounding instrument errors. Provide a master
pressure controller on the expansion drumto override the individua
tenperature regul ators when necessary.

e) As in steamboilers, draft controls shall be suited to the
furnace draft arrangenent, whether pressurized or bal anced.

4.11.2 Conmbustion Controls for Forced Circulation Generators with Inert
Gas- Pressurized Systenms. Use the same controls as on a steam pressurized
system except onit the nmaster pressure regulator on the expansion tank

4,11.3 Water Flow Control for Steam Pressurized HTW Systens with Forced
Circulation Generators

4.11.3.1 Plants with Conbi nation System and Boiler Circul ati ng Punps

a) Measure water flow at each generator inlet so that al
generator flows can be equalized.

b) Place an automatic control valve (incorporating a manual three-
val ve bypass) in bypass piping between the punp di scharge header and return
line fromthe distribution system Use generator flow measurements to
regul ate the automatic bypass control valve to assure constant design water
fl ow t hrough each generator, regardless of |oad conditions.
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c) Incorporate a pressure differential switch across the punp
headers or provide a mnimumflow switch in each flow neter to cut out
conbustion when there is insufficient flow through a generator

d) Interlock the punp starters with conmbustion control to prevent
generator operation w thout punp operation.

e) Variable speed control of punps may be used if savings justify
addi ti onal costs of wound rotor notors and speed control equi pnent or variable
speed cl ut ches.

f) Control flow of blending water fromreturn line to punp suction
to maintain a constant supply water tenperature to the distribution system and
to prevent cavitation of punps due to flashing. This should be done manually
for plants with generators under 30,000,000 Btu per hour (8790 kW and
automatically for plants with | arger generators.

4.11.3.2 Plants with Separate Generator Circulating Punps in Use with System
Circul ating Punps

a) Measure water flow at each generator and provi de nmanual contro
of this flow so that all generator flows can be equalized.

b) Incorporate a nmininmmflow switch in each generator flow neter
to interrupt combustion when the flow drops bel ow a safe val ue

c) Interlock the generator circulating punmp starters with
conbustion controls of all generators to prevent any generator operating
wi t hout a punp operating.

d) Generator circulating punps shoul d al ways operate at constant
speed. The system punps nay operate at variable speed only if the additiona
costs of variabl e-speed equi pment can be econonically justified.

e) Control the flows of blending water fromthe return line to
system punp suctions by a manual valve for plants with generators under
30, 000, 000 Btu per hour (8790 kW and by an automatic valve for plants with

| arger generators. Install a manual throttling valve in the return line to
the suction side of the generators circulating punps to create a pressure drop
so that the control valve for the blending water will be effective and to stop

st eani ng conditions.

4.11.3.3 Makeup Water Fl ow Contro

a) For small flow loss, use manual start and stop for nornal
makeup punps when expected | oads are steady. |If |oads fluctuate w dely,
provide for automatic start and stop of these punps by float controls in the
expansi on tank.
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b) For large flow | oss, use manual start and stop for emergency
makeup punps. |If there is no energency punp, provide an electrical interlock
in the systemcirculating punp starters which would trip out these punps when
the low |l evel alarmon an expansion tank is activated.

4.11.3.4 Automatic Isolation Valves. Equip all systens wth notor-operated
valves to isolate the distribution systemand assure flow t hrough the
generators in case of a distribution line break. The supply isolation valve
shoul d cl ose in approxi mtely 15 seconds with the pressure sensing el enent

| ocated on the downstream side of the valve.

The return line isolation valve should close as soon as possible
wi t hout all owi ng excessive pressures to devel op due to the change in velocity
head into pressure head. The pressure sensing el enment should be on the
upstream side of the return isolation valve. The controls shall provide for
an interruption of conbustion and stoppage of the secondary (distribution)
system punp operation but allow continuation of primary (generating
circul ati ng) punp operation

4.11.4 Water Flow Control for Steam Pressurized HTW Systens wi th Nat ural
Circulation Generators

a) In plants with conbustion systemcirculation and generator
circulating punps, part of the water discharged from conbi nati on punps is fed
to steam boilers through single element feedwater regulators. As with forced
recircul ation boilers, no other automatic bypass val ves are required.

b) Plants with separate system circul ati on and generator
circul ati ng punps use the same type of systemcirculation punps as for the
forced-circulation boiler systems (see above). They also use the sanme type of
feed punps as for steam heating plants.

c) Provide continuous operation makeup punps which feed either the
boil ers or expansion tanks in response to |level controls. In case of large
water flow loss in a system provide for nanual start and stop of emergency
makeup punps.

4.11.5 Water Flow Control for Inert Gas Pressurized Systens. Use the sane
controls as for steam pressurized systens with forced circul ation generators
(see above), except, also use autonmtic |evel controls for expansion tank

4.11.6 Overfl ow Control on Steam Pressurized Expansion Tanks. Use
pneumatic float valves for control of overflow | evels.

4.12 Pi pi n

a) Pipe connections shall be welded. Screwed joint connections
except for pressure or tenperature sensing devices shall not be used.
Connections to val ves and equi pnent shall be flanged or welded. Use netallic
or spiral wound gaskets.
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b) Pressure piping shall conformto the requirenments of ANSI
B31. 1, Power Piping.

c) Copper and bronze materials should be avoided for HTW pi pi ng.
d) Expansion should be controlled by the use of expansion | oops.
4.13 Val ves

a) Al valves should be constructed of cast-steel bodies,
stainless steel trim and packing such as Tefl on.

b) Bronze-trinmmed val ves should not be used in HTWsystenmns.

c) Al valves should be capable of being repacked under operating
pressures.

d) Gate valves should be used only as generator isolation valves.

e) Any valves other than control valves should have as |ow a
pressure drop as possible in order to reduce frictional |osses and punping
costs.

4. 14 Space and Process Heating Equi pnment

4.14.1 Direct Heating with High Tenperature Water. This type of heating
may be achi eved by:

a) Unit heaters (usually high velocity type) used in buildings
where the required height for nmounting still gives suitable tenperatures at
the floor |evel

b) Radi ant panel heating sonetines used in |arge spaces where the
nmounting height is greater than 10 ft fromthe floor |evel. The panels need
to be spread apart so that the radiation is uniformy directed over the spaces
to be heated. Wth high tenperature radi ant panel heating, confort conditions
can be obtained with | ower space tenperatures than those required for
convection heating. This feature is especially desirable for heating areas
with high ceilings such as a warehouse or hangar.

c) Forced hot air heating systems distribute air throughout the
spaces to be heated. These systens can be equi pped with extended surface air
heaters whi ch use HTWas the heating medi um

d) Hospitals, laundries, kitchens and sinmilar facilities utilize
steam HTWcan be used as the heating source provided that steam pressure
beyond the saturation pressure of the HTWplant is not required. This
el i mi nates separate steam producing units, traps, and pressure-reduci ng val ves
inthe primary circuit. A sudden demand for steam can be handled with the
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| arge heat storage available in the HTWsystem but these heat exchangers wl|l
accunul ate solids and nmust be periodically cleaned.

4.14.2 Indirect Hi gh Tenperature. Heat exchangers should be designed to
ef fect maxi mum tenperature drops consistent with the pressure or tenperature
of the nedium produced. A reduction in primary operating tenperatures may
effectively nullify the operation of these heat exchangers unless they are
specifically designed for varying inlet-tenperature conditions. There are two
basi ¢ types of indirect heat exchangers:

a) Flash or instantaneous types. These are vessels which store a
smal | amount of water with respect to the heating capabilities of the coil
Since no water is stored, the fly wheel effect of heavy demands is not
avail abl e, and any demand in excess of the capabilities of the coil results in
rapi d tenperature drops.

b) Storage or inertial types. These are classified as vessels
whi ch store a | arge anobunt of water with respect to the heating ability of the
coil. The large amobunt of stored water is able to neet unusually heavy
demands wi t hout much difficulty. |If load requirenments are periodic, standby
| osses may be excessive.

4. 15 Makeup Water and Water Treat nent

a) Makeup water is required due to small |eaks, |eakage around
packed joints of valves, relief valves, punp shafts, etc.

b) Two nakeup punps are required, each sized for 0.5 percent of
the total distribution systemflow. In case of a coal-fired generator, an
addi ti onal emergency punp rated at 5.0 percent of the distribution system fl ow
i s required.

c) A treated water storage tank should be provided for emergency
punpi ng requirements. This tank is usually sized for approximately 20 nmi nutes
makeup punp demand except, in coal-fired plants, the tank shall be sized for
40 minutes of emergency flow capacity.

d) A qualified water consultant should be retained on every HTW
installation to advise on water treatment for the primary and secondary water
circuits.

e) The initial filling of the HTWsystemor |arge water |oss
repl acements should be through a water treatnent source other than the plant
system

f) Generally deaeration is not required. Oxygen is usually
renoved during the initial startup of the system

g) A denmineralization unit is usually not required for a HTW
system
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h) A water softener sized to take care of make-up requirenments for
operating conditions is reconmended.

i) The permanent water softener may need to be suppl enmented for
initial fill requirements when water conditions are particularly poor

j) Zero hardness (5 parts per nillion or less) and a PH of 9.3 to
9.9 with no free oxygen should be maintained in the systemat all tinmes.
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Section 5: FUELS AND COVBUSTI ON

5.1 Characteristics and Applications of Fuel Types

5.1.1 Coal. Coals are generally ranked in one of four broad categories:
ant hracite, bitumi nous, sub-bitum nous, and lignite. The ASTM bases these
ranki ngs on several properties which include heating value (Btu),

aggl omerating (caking) characteristics, fixed carbon, and volatile matter.

The rankings are further divided on the basis of ash, moisture, and sul fur
content. It is essential to understand the effect of these properties when
sel ecting a coal for various types of fuel burning equi pnent and/or methods of
firing. For typical values, refer to Table 7.

5.1.1.1 Heating Value (Btu/lb). The heating value of a coal is deterni ned
by burning a wei ghed sanple of the fuel in a controlled environment.

Expressed in Btu/lb of fuel, this property can be determ ned by either ASTM
met hod D 2015, Test Method for Gross Calorineter, or D 3286, Test Method for
G oss Calorific Value of Solid Fuel by the Isothermal-Jacket Bonb Cal orineter.
As a neasurenment of the energy entering the boiler in the fuel, this property
is one of the main characteristics used to calculate boiler efficiency.

5.1.1.2 Aggl onerating (Caking) Characteristics. The free swelling index
(F.S.1.) gives a neasure of the extent of swelling of a coal and its tendency
to aggl omerate when heated rapidly. This test is covered by ASTM net hod

D 720, Test Method for Free-Swelling Index of Coal, which rates the coal on a
scale of 1 to 9. Coals with a high free swelling index are referred to as
coki ng (caking) coals, whereas those with a |low index are referred to as non-
coking (free-burning) coals.

a) Caking Type. When heated in a furnace, caking coals pass
through a plastic state during which the individual coal pieces will fuse
together into | arge masses of sem -coke. The seni-coke is inmpervious to
uni formflow of supply air. This characteristic, when applied to stokers
enpl oyi ng thick fuel beds in the burning area can cause problens wth
mai nt ai ni ng uni form conmbusti on and air flow through the coal mass.

b) Free Burning Coals. Free-burning coals with free swelling
i ndex range of 1 to 3-1/2 do not fuse individual coal pieces together. The

pieces will burn separately. Any pieces which stick in a group when heated
will quickly break into fragments by vibration or novenent of the fuel bed.
5.1.1.3 Itens of Proximate Analysis of Coal. The next four properties

effecting the selection of coal have been conmbined by the ASTMinto a test
called the proxi mate analysis. A proximate analysis ASTM nethod D 3172,
Proxi mte Analysis of Coal and Coke, is a determination of the percentage by
wei ghts of npisture, volatile matter, and ash with the difference being
defined as fixed carbon.
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Tabl e 7 (continued)
Anal yses of Typical U S. Coals, as M ned
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* IN *= H = 12.4 = 63.4 = 43 = 2.3 = 7.6 *= 1.3 =
* LA * H = 141 = 585 = 4.0 = 4.3 = 7.2 *= 0.9 =
* M * H =~ 12.4 =~ 65.8 * 45 > 2.9 > 7.4 > 1.4 =
* CO * | * 19.6 =~ 58.8 = 3.8 = 0.3 =*=12.2 = 1.3 =*
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Anal yses of Typical U. S Coals, as M ned
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* (2) *= B > 54 = 3.8 = 77.1 =~ 13.7 = 11,950 = 791
* (3 = B * 2.3 > 31 > 87.7 * 6.9 = 13,540 =* 794
* (4 = B > 4.9 = 3.7 * 82.2 = 9.2 = 12,820 = 788
* AR >~ C = 2.1 = 9.8 = 78.8 = 9.3 = 13,700 = 770
>~ PA * C * 3.0 = 8.4 = 78.9 = 9.7 = 13,450 = 777
* VA = C = 3.1 = 10.6 =~ 66.7 > 19.7 = 11,850 = 782
* AR ~ D = 3.4 > 16.2 >~ 71.8 = 8.6 = 13,700 = 774
*~ M >~ D = 3.2 = 18.2 = 70.4 = 8.2 = 13,870 = 761
* K = D = 2.6 * 16.5 >~ 72.2 = 8.7 = 13,800 = 775
* W/ * D = 2.7 * 17.2 > 76.1 = 4.0 > 14,730 = 767
* PA  *~ E * 3.3 = 20.5 = 70.0 = 6.2 = 14,310 = 765
-22333122>333332>33133313132>33331313132)3331313131323331313131132)3331313131123333101IIIIIXIXD))-
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Tabl e 7 (continued)
Anal yses of Typical U S. Coals, as M ned

+)))))))0))))))0)))))))))))))))))))))))))))))))))))0)))))))))0)))))))))))))))

% Proxi mat e Anal ysi s *(1) Theoretical *
> > /))))))))0))))))))0))))))))0))))))))l HHV > Alr >
* State * Rank *  HyO * Btu/Lb * Lb/106 Btu =
/)))))))3))))))3))))))))3))))))))3))))))))3))))))))3)))))))))3)))))))))))))))l
* VA ~ E >~ 3.1 = 21.8 * 67.9 * 7.2 *= 14,030 =* 778 *
* AL > F = 55 == 30.8 * 60.9 > 2.8 =* 14,210 = 768 *
* CO >~ F * 1.4 =~ 32.6 > 54.3 = 11.7 = 13,210 = 763 *
* KS >~ F * 7.4 = 31.8 * 52.4 = 8.4 = 12,670 = 769 *
* Ky = F = 3.1 = 350 * 589 * 3.0 =* 14,290 = 758 *
* MO > F = 54 > 32,1 * 535 * 9.0 =* 12,990 = 769 *
* N\M = F = 2.0 = 335 = 50.6 * 13.9 = 12,650 = 766 *
* H = F = 4.9 == 36.6 * 51.2 > 7.3 =* 12,990 = 762 *
* K = F = 2.1 = 3.0 * 57.0 = 5.9 = 13,630 = 757 *
* PA > F = 2.6 > 30.0 * 58.3 * 9.1 =* 13,610 = 773 *
* TN = F = 1.8 = 35,9 = 56.1 > 6.2 = 13,890 = 767 *
* ITX *= F = 4.0 =*> 48.9 =* 34.9 > 12.2 = 12,230 = 767 *
* ur = F > 4.3 > 37.2 *= 51.8 * 6.7 =* 12,990 = 758 *
* VA = F = 2.2 =* 36.0 > 58.0 * 3.8 =* 14,510 = 764 *
* WA >~ F * 4.3 > 37.7 = 47.1 > 10.9 =* 12,610 = 758 *
* W > F = 2.4 > 33.0 * 60.0 * 4.6 =* 14,350 = 768 *
* L = G = 80 =* 330 =* 50.6 * 8.4 =*12,130 = 766 *
* KY * G = 7.5 = 37.7 * 45.3 = 9.5 = 12,080 = 774 *
* MO * G * 10.5 * 32.0 * 44.6 * 12.9 = 11,300 = 773 *
* H = G = 8.2 =* 36.1 > 48.7 > 7.0 =* 12,160 = 762 *
* W * G = 5.1 = 40.5 =~ 49.8 = 4.6 > 12,960 =~ 757 *
* IL > H = 12,1 =*= 40.2 =* 39.1 > 8.6 > 11,480 = 769 *
* |IN ~ H * 12.4 > 36.6 >~ 42.3 = 8.7 = 11,420 = 758 *
* LA ~ H * 14.1 =~ 356 > 39.3 > 11.0 = 10,720 = 754 *
* M ~ H * 12.4 = 35.0 = 47.0 = 5.6 = 11,860 = 762 *
* CO * | * 19.6 = 30.5 = 459 > 4.0 = 10,130 = 756 *
* Wox | * 23.2 * 33.3 * 39.7 > 3.8 * 9,420 = 757 *

-22332122>3333323>3)133313132)3333)313132)33313131132)3313131313132)33131313131123333131)II3)IX)))-
(1) Theoretical air required for conbustion under stoichiometric conditions

(no excess air).
(2) Ochard Bed, (3) Mammpth Bed, (4) Hol mes Bed.

RANK KEY: A - Meta - anthracite, B - Anthracite, C - Semi anthracite,
D - Low Vol. Bitum nous, E - Med.-Vol. Bitum nous,
F - High-Vol. Bitum nous A, G- Hi gh-Vol. Bitum nous B
H - High-Vol. Bitum nous C, | - Subbituni nous.
Source: Conbustion Fossil Power System 1981 Edition, Published by Combustion
Engi neering, Inc.
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a) Fixed Carbon. Fixed carbon represents the portion of coal that
must be burned in solid state after volatile matter is driven off. It is not
the total carbon in the coal since the volatile matter contains hydrocarbons.
The fixed carbon portion usually burns in the fuel bed on a stoker or as solid
particles in a pulverized coal furnace.

b) Volatile Matter. Volatile matter is the portion of the coa
which is driven off as a vapor when it is heated according to ASTM net hod
D 3175, Test Method for Volatile Matter in the Analysis Sanple of Coal and
Coke. The main constituents of volatile matter in all ranks of coal are water
vapor, carbon nonoxi de, hydrogen, nethane, and ot her hydrocarbons. The
volatile matter varies greatly for different ranks of coal and has a profound
effect on ignition rate when burning in a furnace. Hi gh volatile coals in a
range of 35 percent and higher result in quick ignition. This quick release
of burning hydrocarbons affects furnace design, |ocation of overfire air,
ignition arches, and furnace heat rel ease.

c) Ash. Ash is the nonconbustible residue after conplete
combustion of coal. The content (percentage) and characteristics of ash in
coal have substantial effects on furnace design.

1. Ash Content. The percentage by weight of ash in coal is
deternmi ned by ASTM nethod D 3174, Test Method for Ash in the Analysis Sanple
of Coal and Coke fromCoal. It is usually nore meaningful to define ash
content as it relates to energy input rather than on the basis of a weight
percentage of the coal alone. The pounds of ash per Btu fired can be
cal cul ated by dividing ash content (Ib of ash per |b of fuel) by the heating
val ue of the coal (Btu/lb of fuel). Relating fuel ash content to the heat
input gives a realistic estimate of the amount of ash that nust be handl ed as

bottom ash and by the pollution control equipment as fly ash. It also gives
an insight to the potential amount of ash that nust be handl ed on heat
transfer surface. Note that the actual ampunt of refuse will be much greater

than the cal cul ated anpunt of ash due to the presence of unburned carbon
particl es.

2. Ash Characteristics. Wen ash is heated, it beconmes soft
and sticky and may form deposits (clinkers) on boiler tubes. The tenperature
at which the ash has a tendency to stick, is called the ash softening
tenperature. The build-up of ash acts as an insulation which reduces the
efficiency of heat transfer. The initial deposits are usually easy to renpove
by regul ar soot-blowing. |f the deposits are pernmitted to build up in a zone
of high gas tenperature, its surface (due to the insulating properties of the
ash) can reach the nelting point and forma deposit that is tightly bonded and
difficult to renove. For this reason, it is inportant to deternine the
softening tenperature of the coal ash. This tenperature is determ ned by ASTM
met hod D 1857, Standard Test Method for Fusibility of Coal and Coke Ash.

Coals with an ash softening tenperature of 2700 degrees F (1482.2 degrees Q)
or above are usually trouble free as to fouling of tube surfaces.
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d) Sulfur. Sulfur in coal occurs in three forms: pyritic sul fur
sul fate sul fur, and organic sulfur. The conbustion of sulfur adds slightly to
the heating value of coal, but forms sul fur oxides (SOx) which are a closely
regul ated pollutant. Sulfur oxides also conmbine with water to forman acid if
t he conbustion gas is cooled below its dew point tenperature. ASTM net hod
D 2492, Test Method for Forms of Sulfur in Coal, is a standard test which
determ nes the commonly recogni zed forns of sulfur in coal. Total sulfur is
det erm ned by ASTM method D 3177, Test Method for Total Sulfur in the Analysis
Sanpl e of Coal and Coke.

5.1.2 Fuel G1. The term"fuel oil" denotes a |arge range of petrol eum
products. Fuel oils are graded according to specific gravity and viscosity,
with the Iightest being No. 1 and the heaviest being No. 6. Refer to Table 8.
5.1.2.1 Specific Gravity. The specific gravity of an oil is the ratio of
its weight to the weight of an equal volume of water. It is commonly
designated as "sp. gr. 60/60 F," indicating that both the oil and water are
wei ghed and neasured at a tenperature of 60 degrees F (15.5 degrees C). The
oil industry uses the APl gravity scale, devised jointly by APl and the
National Institute of Standards and Technol ogy (NI ST). The relationship

bet ween specific gravity and APl gravity is shown by the fornul a:

141.5

EQUATI ON: Deg. APl Gravity = Specific Gravity @60 oF ~ 131.5 (9)
Since the specific gravity appears in the denom nator of the equation, the
heavier the oil, the lower the APl gravity.

5.1.2.2 Heating Value. The heating value per pound of fuel oil increases

with an increase in APl gravity but heating value per gallon of fuel oi
varies inversely with APl gravity because |lighter oil contains nore hydrogen
Refer to Table 8.

5.1.2.3 Viscosity. The viscosity of an oil is the nmeasure of its
resistance to flow. The viscosity of distillate oils is |ow enough not to be
critical. The heavier oils (grades 5 and 6) generally require heating for

sati sfactory pumping and burning. O tenperatures for efficient combustion
are deternined by individual burner manufacturers. For typical punping
tenperatures, refer to Table 9.

5.1.2.4 Sul fur. As a rule, the percentage of sulfur in oil increases with
the grade nunmber. The anount of sulfur can range considerably w thin each
grade due to variations in crude oils, refining processes, and bl ending.
Refer to Table 8. The conmbustion of sulfur in oil will lead to the sane
pol | uti on and corrosion problens as sulfur in coal
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Tabl e 8
Typi cal Anal yses and Properties of Fuel Gls

+)))))))))))0)))))))2)0)))))))))0)))))KB)))))))0))))KB))))))))0)))))))))))))

* * Fuel. | = FueI.O | = Fuel Ol * Fuel Ol * Fuel O =
/&z)))?)))))3)))))))))3)))))))))3))))))))))))))3))))))))))))))3)))))))))))))1
*Per cent > > > > > >
* Sul fur * 0.01-0.5*0.05-1.0 = 0.2-2.0 * 0.5-3.0 I 0.7-3.5 *
* Hydrogen *13.3-14.1=*11.8-13.9*(10.6-13.0)(1)*(10.5-12.0)(1)*(9.5-12.0)(1)~*
* Car bon *85. 9- 86. 7*86. 1- 88. 2*(86. 5-89. 2) (1) ~(86.5-89. 2) (1) *(86.590.2)(1)*
* Nitrogen = Nil-0.1 *Nil-0.1 = --- * --- * --- *
*O(ygen * - * - * - * . * - *
* Ash * --- * --- * 0-0.1 = 0-0.1 * 0.01-0.5 *
*G aVi ty * * * * * *
>~ Deg. APl > 40-44 = 28-40 * 15- 30 * 14-22 * 7-22 *
> Specific = 0.825 -= 0.887 - = 0.966 - = 0.972 - = 1.022 - *
* * (0.806 =* 0.825 * 0.876 * 0.922 * 0.922 *
*Lb per gal =*6.87-6.71*7.39-6.87* 8.04-7.30 * 8.10-7.68 * 8.51-7.68 =
*Pour Point * 0 to -50* 0 to -40= -10 to +50 = -10 to +80* +15 to +85 =
*Col or > Li ght ~ Anber = Bl ack > Bl ack > Bl ack >
*Viscosity = * * * * *
* Cent| - * * * * * *
* st okes * 1.4-2.2 *1.9-3.0 = 10. 5- 65 = 65-200 = 260- 750 *
* @_OO deg F* * * * * *
* SS @L00F = --- > 32-38 * 60-300 = --- * --- *
* SSF @22F = --- * --- * --- * 20-40 * 45-300 *
*Water & * --- * 0-0.1 = trace-1.0 = 0.05-1.0 =*= 0.05-2.0 *
* Sedi n-ent' * * * * * *
* VOl % * * * * * *
*Heati ng * * * * * *
* Va| ue * * * * * *
* Btu/l b, * 19,670- * 19,170 -~* 18,280 - = 18,100 - = 17,410 - *
* gross * 19,860 * 19,750 =* 19, 400 * 19, 020 * 18,990 *

-222333223332331133313323133333133132>131333131311313332313131313333131313112X3X31010I)II)))-
(1) Estimated

Steam Ilts Generation and Use,
Conpany, 1978 Editi on.

Sour ce: Publ i shed by The Babcock & W/ cox
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Table 9
Lowest Suitabl e Punping Tenperatures

+))))))))))))))))))))))))))))))))))))))))))0))))))))))))))))))))))))))))

Vi scosity >

* at 100 F * Punpi ng *
/)))))))))))))))))))0))))))))))))))))))))))1 Tenperature >
U (1) Centi stokes (2) = Degrees F *
/)))))))233)))))))))3)))))))))%z)))))))))))3))))))))))3))))23)))))))))))l
- 150 * 32 * 5- 25 *
- 200 * 43 * 15 - 35 *
- 300 * 65 * 30 - 50 *
- 400 * 86 * 35 - 55 *
- 500 * 108 * 45 - 65 =
> 750 * 162 * 55 - 75 *
* 1000 * 216 * 60 - 80 *
* 1500 * 324 * 70 - 90 *
* 2000 * 432 * 80 - 100 *
* 3000 * 647 * 90 - 110 *
* 4000 * 863 * 95 - 115 *
* 5000 * 1079 =3 100 - 120 *
* 7000 * 1511 * 110 - 130 *
* 8000 * 1727 * 115 - 135 *
* 10000 * 2159 * 120 - 140 *

-232333333333333333323>33333333333133331313133132331313331313333131331313I31IIX))))-

(1) Saybolt Universal Seconds is a unit of measurenent representing the
time in seconds for 60 mlliliters of fluid to flow through a capillary
tube in a Saybolt Universal viscosinmeter at a given tenperature.

(2) Centistroke. A cgs unit of kinematic viscosity of a fluid having a
dynam c viscosity of 1 centipoice and a density of 1 gram per cubic
centinmeter.

Sour ce: Paul F. Schmidt, Fuel G 1 Mnual, Industrial Press, Inc., Fourth
Edition.
5.1.3 Natural Gas. The conbustible portion of natural gas consists

principally of methane and ethane, with traces of propane and butane. There
is also sone nitrogen and carbon di oxi de which are both non-combusti bl e gases.
Nat ural gas has a higher heating value range from 950 to 1,125 Btu per cubic
foot (35 360 to 41 876 kJ/cubic nmeter). It is essentially free of ash and

m xes extrenely well to provide conplete conbustion with | ow excess air. The
hi gh hydrogen content of natural gas conpared to coal or oil results in nore
wat er vapor in the flue gas and a correspondingly | ower boiler efficiency.
Refer to Tabl e 10.
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Tabl e 10
Typi cal Anal yses of Natural Gas

+))))))))))))))))))))0)))))))))))))))))))))))))))))))))))))))))))))))))))))))
Origin of Sanple

/))))))))))))0))))))))))0))))))))))))0))))))))0)))))))))l

* Pittsburgh = Southern = Birm ngham * Kansas * *
* * CA. * * City * Angeles *
))))))))))))))))))))3))))))))))))3))))))))))3))))))))))))3))))))))3)))))))))l
Proxi mate Anal ysi s > >
(% by Vol une) * * * * * *
Met hane CHy = 83.40 * 84.00 = 90.00 * 84.10 * 77.50 =
Et hane CH = 15.80 * 14.80 = 5,00 = 6.70 * 16.00 =
Car bon di oxi de Cf&* ----- * 0.70 *~  ----- = 0.80 ~ 6.50 =
Ni trogen Np = 0.80 * 0.50 = 500 =~ 8.40 * ~----- *

))))))))))))))))))))3))))))))))))3))))))))))3))))))))))))3))))))))3)))))))))l
Utimte Analysis =

(% by Wei ght)

LI I I N ]
L I I )
LI I I N ]

Total WMbisture
Lb per 10,000 Btu = 0. 915 * 0.917 = 0.971 * 0.933 * 0.911

-223333333333331333133231311333313131132333131313131332313131313133331313231333113102))1XXIX)))-
(1) At 60 F and 30 inches of Mercury

R R X X X X kb b b R NCF R R R X X NX X X X % RN OF O ¥

Hydr ogen Ho 23.53 * 23.30 = 22.68 * 20.85 20. 35

Car bon C 75. 25 *  74.72 = 69. 26 * 64.84 69. 28
Ni t rogen No 1.22 * 0.76 = 8.06 =~ 12.90 * ----- *
Oxygen o *  ----- * 1.22 > ----- * 1.41 =~ 10.37 =
222333213331133)2133131313133313131311113333131111331313331313333I3131113331313111)3XX))0)0)))1
Specific Gavity * * * * * *
(Air =1.0) * 0.610 * 0.636 = 0. 600 * 0.630 ~ 0.697 =
Hi gher Heati ng * * * * * *
Va| ue * * * * * *
Bt u per cubic > 1,129 > 1,116 = 1, 000 > 974 = 1,073 =
fOOt (l) * * * * * *
Btu per Lb of Fuel> 3,170 * 22,904 = 21,800 * 20,160 * 10,090 =
Theoretical Air =3 =3 * * * *
Lb per 10,000 Btu * 7.18 * 7.18 = 7.50 * 7.19 ~ 7.18 =

Sour ce: Anerican Gas Association (AGY), GVC, Gas Measurenent Comittee
Report No. 1.
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5.1. 4 Whod. Today, the use of wood for steam generation is largely
confined to wood chip burning and is generally used in |ocations where it is
avai l abl e as a by-product or waste fromthe |unber or paper industry. The

noi sture content can vary widely to the extent that handling and combustion of
the fuel can be difficult. Refer to Table 11. Ash content is |ower than ash
in coal and ash disposal can be | ess of a problem

Tabl e 11
Avai |l abl e Energy in Wod

+))))))))))))))))))))0)))))))))))))))))))))))))))0))))))))))))))))))))))))

Moi sture, % Heating val ue, Btu/ * Lb Water/Lb Wod *
/))))))))))))))))))))3)))))))))))))))))))))))))))3))))))))))))))))))))))))l
* 20 * 7 OOO * O 25 *
* 50 * 4,375 * 1.00 *
* 80 * 1, 750 * 4.00 *
533353333 333533333333300333303303 3330330303300 30333000
Sour ce: Mar ks' St andard Handbook for Mechani cal Engi neers, Baunei ster,

Aval one & Baunei ster, 1978.

5.1.4.1 Chi pped Whod. Fresh tinber contains 45 to 55 percent noisture,
nmostly in the cell structure of the wood. After air drying, the npisture
content reduces to 18 to 25 percent. Kiln-dried wood contains about 8 percent
nmoi sture. Some inpurities found in wood fuel are sand in bark and dirt from
the harvesting operation. The heating val ue of chipped wood as harvested
averages about 4,200 Btu/lb (9 770 kJ/ kg) although the heating value of dry
wood averages approximtely 8,800 Btu/lb (20 504 kJ/kg). Refer to Table 12.

5.1.4.2 Bark. Bark is a common waste product in paper mlls from debarking
of tree trunks. Bark received from barking drunms often contains sand and dirt
and as nuch as 65 percent noisture and has very little fuel value unless this
material is dried. Once dried, this fuel has essentially the sanme heating

val ue as the wood. Bark readily absorbs noisture fromthe air and even if
dried, it soon has reabsorbed noisture in storage. Bark is not considered as
a suitable fuel because of the difficulty in its burning, handling, and

st or age.
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Tabl e 12
Typi cal Analysis of Dry Wod Fuel s

+))))))))))))))))))))))))))))))))))))))0)))))))))))))))))))))))

Most Wbods *

/))))))))))))))))))))))))))))))))))))))3)))))))))))))))))))))))1
Proxi mate Analysis, % >

* Vol atile Matter * 74.0 - 82.0 *
* Fi xed Carbon * 17.0 - 23.0 *
* Ash * 0.5 - 2.2 *
* Utimate Analysis, % * *
> Car bon > 49.6 - 53.1 >
* Hydr ogen * 5.8 - 6.7 *
> Oxygen > 39.8 - 43.8 &
* Sul fur * .. *
* Ni trogen > 0.0 - 0.1 >
* Heating Value, Btu/lLb % 8,560 - 9,130 *
* Moi sture, as received, % X 36 - 58 >
* Ash Fusion Tenperature, deg F > >
* Initial * 2650 - 2760 *
* Fl uid * 2730 - 2830 *

-23333333333333333331333333333131313333313132331313333131331333I3I)II)))-

5.1.4.3 Hog Fuel. The trinmings and bark left over fromthe manufacture of
| unber nust be resized in a "hog" to facilitate feeding, rapid conmbustion, and
storage. These products, together with varying ambunts of sawdust and
shavings are referred to as hog fuel. This fuel, as delivered to the furnace,
can average nore than 50 percent noisture, nost of which is in the cellular
structure of the wood.

5.1.5 Solid Waste. Solid waste is a very conplex fuel because it
contains a wide variety of both combustibles (paper, wood, food, etc.) and
nonconbusti bl es (cans, glass, various nmetals, etc.). The conbustibles may

al so include plastics which can be toxic when burned. |Its value as an
alternate energy source is proportional to the amount of effort spent
preparing it for use. The approxi mate average heating value of typical solid
waste is 4,500 Btu/lb (10 485 kJ/kg). Refer to Table 13.

63



M L- HDBK- 1003/ 6

Tabl e 13
Heating Val ues and Conposition of Typical Unprepared
and Prepared American Solid Waste

+)))))))))))))))))))))))))0)))))))))))))))))))))))))))0))))))))))))))))))))))
* Unpr epar ed Refuse * Prepared Refuse *

> /)))))zg))))))0)))))))))))))3))))))))))0))%3)33))))l
* * Recei ved(1l) * Coarse(2) * Fluff(3) *Screened(4)*
/)))))))))))))))))))))))))3)))))))))))))3)))))))))))))3))))))))))3)))))))))))l
* Heating Value, Btu/lb = * * *
* Analysis, % by Wight = * * * *
* Ash & I nerts * 24 * 20 * 21 * 13 *
* Mbi st ure * 30 * 29 * 22 = 24 *
* Conbusti bl e Matter * 46 * 51 4 57 * 63 *

-2233333333333333331333331123333331333133323333133313131333323313133333332311333II))))-

(1) Municipal solid wastes (MSW used as fuel in as-discarded form w t hout
oversi ze bul ky waste such as water heaters, etc.

(2) MsWprocessed to coarse particle size with glass and ferrous netal
renoval such that 95 percent by wei ght passes through a 6-inch square
mesh screen.

(3) Shredded fuel derived from MSW processed for the renmoval of netal, glass
and other entrained inorganics such that 95 percent by wei ght passes
t hrough a 2-inch square nesh screen

(4) Shredded fuel processed simlarly to (3) except for additional screening.
(Sampl es not from sane processing facility as (3).)

5.1.5.1 Mass Burning. Mass burning of unprepared refuse in heat recovery
boilers can be a technically reliable, environmentally acceptable, and an
econom ¢ solution to the di sposal of refuse when usable energy is generated.

5.1.5.2 Ref use Derived Fuel (RDF). Refuse derived fuel (RDF) refers to
solid waste that has been sorted and shredded into an approxi mate uniform
size. Separation of nonconbustible materials is a part of this process. This
process should be carefully conpared to the nass burning process as this
addi ti onal processing of the fuel nmay not be cost effective. Uniformty of
the refuse for burning is inproved, but the capacity to deliver RDF to the
incinerator boiler on a reliable basis has been a technical problem
Preparati on of refuse by shredding and separation of conbustible materials
prior to combustion provides a nore uniform product to burn. Prepared refuse
of the conposition and heating values shown in Table 13 is fired by itself or
in conmbi nation with coal

5.2 Fuel Applications and Equi prent
5.2.1 Applications. Selection of fuel burning equipnment for centra
heating plants is basically dependent on fuel selection. The availability of

the fuel throughout the projected life of the facility nmust be considered or
the facility should be designed to convert to another available fuel at sone
future date when the original fuel nay becone scarce or prohibitive in cost.
The required pollution abatenment equi prent and/or systems which will conform
to applicable codes and regul ati ons nust be consi der ed.
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5.2.2 Coal Firing. The selection of the npst appropriate burning

equi pment for a specific application is dependent on factors which include
econom cs, operating characteristics, type of coal, and environnental
standards. Currently, the nost comon coal fired boilers fall into two main
categories: stokers and pul verized coal units.

5.2.2.1 Stokers. There are four main types of coal stokers which are
classified according to the way the fuel is fed and by the type of grate used.
These types are the underfeed stoker, the vibrating-grate stoker, the
traveling-grate stoker, and the spreader stoker. Refer to Table 14.

a) Underfeed Stoker. The underfeed stoker is generally applied to
the small capacity boilers in a range 3,000 to 25,000 I'b of steam per hour
(0.378 to 3.15 kg/s). See Figure 12. An agitator on the hopper assures a
conti nuous supply of coal to the stoker feed ram The coal ram provides a
positive feed fromthe hopper to the single retort. A heavy pusher bar with
auxiliary blocks at the bottomof the retort distributes the coal to produce a
uni form fuel bed fromfront to back of the unit. The underfeed stoker will
handl e a wi de range of coals having ash fusion tenperatures above 2,400
degrees F (1315.6 degrees C). Coal with ash-softening tenperature |ess than
2,400 degrees F (1315.6 degrees C) will normally formclinkers when applied to
the underfeed type stoker. Free-burning type coals are not normally used with
the underfeed type stoker. The nodern underfeed stoker is equipped with
overfire air jets to provide turbulence to m x volatile hydrocarbons with the
air for conplete combustion.

b) Vibrating-Gate Stoker. The vibrating-grate stoker usually has
a range of 10,000 to 25,000 | bs of steam per hour (1.26 to 3.15 kg/s) and is
used extensively in mass burning applications. See Figure 13. It is unique
in that it conbines water cooling protection of the grate surface with
intermttent grate vibration for novement of the fuel bed down the inclined
grate. The frequency of the vibration of the grates is used to regulate the
conmbustion rate. The ash is automatically discharged at the rear. It
requires high quality boiler feedwater due to |l ocalized high tenperature spots
al ong the cooling tubes when grate sections are exposed to furnace
tenperatures; these hot spots increase the possibility of scaling. As with
traveling-grate stokers, the vibrating-grate stoker has individually
controlled air zones for better air flow control
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Figure 12
Single Retort Underfeed Stoker
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Vibrating Grate Stoker
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c) Traveling-Grate Stoker - Front Gravity Feed. For plant
capacities in the range of 20,000 I b of steam per hour to 160,000 | b of steam
per hour (2.52 to 20.16 kg/s), the traveling-grate stoker nmethod of firing can
be used for noderately changing wi de | oad swings. See Figure 14. These
boilers will handle fuels that have wi dely varying characteristics, fromlow
vol atile anthracite, coke breeze to high and nedi um vol atile bitum nous.

Refer to Table 14. They are particularly efficient with free-burning M d-West
coals and can handle lignite and sub-bitum nous coals. These boilers are
characterized by the coal being fed onto a grate at one end of the furnace,
the coal burning on the grate as it travels through the furnace, and the ash
bei ng dunped at the opposite end of the furnace. A coal gate is used to
control the thickness of the coal bed entering the furnace. The typica
furnace configuration includes a front refractory arch and a |ong rear arch
whi ch are inportant when using the traveling-grate stoker to burn very | ow

vol atile fuels, such as anthracite or coke breeze. The hot front arch is used
to maintain conbustion and heat coal entering the furnace. The rear arch
directs any remaining volatile matter fromthe burnout zone to the flame zone
where it can be burned. The feature of the traveling-grate stoker that
provides for the utilization of such a wide variety of fuel types is the
under-grate air zoning. These units normally have fromfive to nine

i ndi vi dual air zones which can control the anpbunt of air admitted to the fue
bed as it travels fromthe free end of the stoker to the discharge. Although
this provides the stoker operation with tremendous flexibility to obtain

conpl ete conbustion with the various sizes and types of fuel, strongly caking
coal s have a tendency to mat and prevent proper air distribution. Since the
fuel bed on the traveling-grate stoker is not agitated by vibration as the bed
(usually 4 inches to 6 inches (101.6 mmto 152.4 mm) depth) is moving fromthe
feed end toward the discharge end, the anmount of particulate fluidizationis
very low. This means that the revolving grate stoker has a | ow particul ate
pol | ution characteristic as conpared to other types of fuel burning strokers.
Chain grate stokers are not recomended except to burn [ow fusion coal with
hi gh clinkering tendencies.
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Table 14
St oker

Selection Criteria
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Typi ca
Unit Size
Range

* Fuel
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*
*
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3,000 to
25,000

10,000 to
25,000

20,000 to
160, 000

25,000 to
400, 000

*1-1/4" to 1-1/2"
*pea, and sl ack
*wi th appropriate
*proportions of each
*not to exceed 20%

*t hrough 1/4" round
*hol e screen.

*1-1/4" to 1-1/2" nut,
*pea, and sl ack

*Wi th appropriate
*proportions of each
*not to exceed 20%
*t hrough 1/4" round
*hol e screen.

*1" to 0" top size
*wi t h maxi mum 60%

*t hrough 1/4" round
*hol e screen.
*1-1/4" to 3/4" X0 "

*Wi th maxi num 40%
*t hr ough 1/4" round
*hol e screen.

*
*
*
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*
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Requi renment s

Characteristics

Free burning to medi um
caking (free swelling index

less than 5). Volatile
matter 30 to 40% Ash 5 to
10% Ash fusion (reducing

at nosphere H=1/2W m ni num
2400 deg. F mi ni mum heat
content 12,500 Btu/lb.

Free burning to medi um
caking (free swelling index

less than 5). Volatile
matter 28 to 40% Ash 6 to
12% Ash fusion (reducing

at nosphere H=1/2W m ni mum
2500 deg. F. M ni mum Heat
content 12,000 Btu/lb.

Free burning to medi um
caking (free swelling index

less than 5). Volatile
matter 30 to 40% Ash 6 to
15% Ash fusion (reducing

at nosphere H=1/2W m ni mum
2750 deg. F. M ni mum heat
content 11,000 Btu/lb.

Bitum nous A & B

sub- bi tum nous or lignite.
Volatile matter 25 to 40%
Ash 6 to 15% Ash fusion

(reduci ng atnmosphere H=1/2W
m ni mum 2200 deg. F.
heat content 11,500 Btu/lb.
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Tabl e 14 (Conti nued)
St oker Selection Criteria

+))))))))))))))))))0))))))))))))0)))%%))))))))))0))))))))))))))))0)))))))))))

G ate > Fur nace Heat *
* *  Typi cal * Burni ng Rates *Rel ease Rates(1)=* *
* Type of Stoker * Unit Size = Bt u/ Hr * Bt u/ Hr * Conbusti on*
* * Range * per Cubic Foot* per Cubic Foot >~ Limt(2) =
* *(PPH) Steam * Vol une > of Furnace * (Tur ndown) *
/3331333333313333333)3113333131311133313131311131331313113313331313111333313113X133)1)X)0))))1
* Under f eed = 3,000 to = 360, 000 > 30, 000 * Banked >
* * 25,000 > > * Fires to *
* * * * * FUl | - *
* * * * * Load *
* Vibrating-Gate = 10,000 to * 450, 000 & 30, 000 * Banked >
* (front gravity * 25,000 * * * Fires to =
* feed) * * * * Full- *
* * * * * Load *
* Traveling-Grate = 20,000 to * 450, 000 > 35, 000 * 6to1l >
* (Front Gavity * 160, 000 * * * *
* Feed) * * * * *
* Overfeed Spreader> 25,000 to * 700, 000 * 300, 000 * 2.8to 1l =
* (traveling- * 400, 000 ~ = * 3.5to0 1 =
* gr at e) * * * * *

-23233333333333333323333333333332333331333313333131323313333131333131133132)331311IX))))-

Information in this table is gathered from several stoker manufacturers
recomrendati ons.

(1) Al grate heat rel ease rates are based on maxi mum continuous rating
(MCR) with allowance for 110 percent rating for 2 hour energency peak per
24 hours.

(2) Further turndown beyond that indicated nay be obtai ned dependent upon
al | owabl e em ssion requirements and/or pollution abatenment equi prment
appl i ed.

d) Spreader Stoker. The spreader stoker has a range of 25,000 |bs
of steam per hour (3.15 kg/s) and up. The spreader stoker is characterized by
a thin bed and partial burning of coal particles in suspension. See Figure
15. Since the smaller coal particles are burned in suspension, this stoker is
responsive to | oad fluctuations. This characteristic, together with a non-
clinkering thin bed on the grate, provides a unit capable of firing a w de
range of coal grades and types. The spreader stoker has high availability,
ease of operation, and good efficiency. The suspension burning causes a high

71



M L- HDBK- 1003/ 6

particul ate | oadi ng of the burning gases within the furnace which, without fly
ash reinjection, would result in a high carbon loss in the fly ash. For units
with capacities of 25,000 | bs of steam per hour (3.15 kg/s) and over, front

di scharge traveling-grates are conmonly used with spreader stokers. Dunp,

vi brating, reciprocating and oscillating grates are also available. Wth a
hi gh particul ate | oading, the spreader stoker requires the use of

el ectrostatic precipitator or baghouse collectors to prevent particul ate

pol | uti on.

5.2.2.2 Pul verized Coal (PC) Firing. Pulverized-coal-fired boilers are
typically used in applications of 100,000 PPH of steam and above. |In PC
boilers, coal is finely ground in a pulverizer or mll, blown into the

furnace, and burned in suspension. The rate of fuel flowis controlled by a
vari abl e speed coal feeder which supplies coal to the pulverizer. Although
sone of the coal ash forms deposits on tubes and some falls to the bottom of
the boiler, nost of the ash is swept out with the flue gas stream The PC
boi |l er nmust therefore have a bottom ash hopper, soot blowers, and a
particul ate collection system Although bitum nous coals are the nost common
fuel in PC boilers, alnpbst any coal can be used. The npst inportant
properties in selecting a fuel for PCfiring are; ignition and flame
stability, ash characteristics, and grindability. Flane stability can be
insured by firing fuels with a mnimum of about 20 percent volatile matter.
The amount of ash should be mininized and the ash fusion tenperature should be
sufficiently high to avoid slagging problens. The ease of pulverizing a coa
is a measure of its grindability. This is usually indicated on the Hardgrove
Gindability I ndex where those with a |ow index are harder to grind. The
principal types of pulverizers can be classified under high, medium and slow
speeds. Proper air flowis essential to the operation of any type of

pul veri zer. The preheated air perfornms three functions; noving and separating
the coal within the mll, drying the coal, and transporting the coal to the
furnace.

a) High Speed Pulverizers. The sinplest pulverizer is the high

speed inmpact mill. |In this machine, a series of sw nging hamrers nounted on a
shaft inmpact coal fed into the grinding chanmber which is lined with abrasion
resistant material. A disadvantage to these mlls is their susceptibility to

damage by foreign materials. The main advantage is the low initial cost of
these units.
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Figure 15
Overfeed Spreader Stoker with Traveling Grate
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b) Medi um Speed Pul verizers. In this category, there are two
maj or types; the ball-and-race type and the roller-type. Both types use the
same principle of pulverizing by a conbination of crushing, inpact, and
attrition between grinding surfaces and material. The ball-and-race type
consists of a row of balls with one race bel ow them and one race above them
As the lower race is rotated, coal is crushed between the balls and both
races. The roller type consists of a series of rollers running close to an
outer grinding ring. This type of pulverizer can be of two designs; the ring
can be stationary with noving rollers, or the ring can rotate around
stationary rollers. This type of pulverizer has a sonewhat higher initia
cost than the high speed type, but advantages include | ess maintenance,
reduced outage time, and maintained product quality over the entire operating
peri od.

c) Slow Speed Pulverizers. This type of pulverizer is usually

referred to as the ball or ball tube nmill. These mills are essentially slow
turning horizontal cylinders filled with various sized steel balls. As the
tube rotates, the coal and steel balls are mxed together. |npact of the

falling balls and attrition pulverize the coal which is carried out by
preheated air. High initial cost, high power input, and |large floor-space
requi rements are some of the disadvantages of this type of mll. Advantages
include high reliability and | ow mai ntenance costs.

5.2.3 Ol and Natural Gas Firing. Gas and oil burners are furnished for
various services in a multiplicity of types and arrangenents. Conbi nation
burners may al so be obtained which will burn either gas or oil alone or in a

specialized class to burn gas and oil sinultaneously. The functions of a
burner are to deliver fuel and air to the conbustion space, mx the fuel and
air and provide for continuous ignition of the m xture. Burners should be
consi dered as a part of the boiler and should be subjected to the tests,
performance guarantees and warranty requirements of the boilers.

5.2.3.1 Gas Burners. Gas burners are generally classified as prenixing and
nozzle mxing. In the prenixing type, which includes inspirator, aspirator
and fan mx types, the primary air and gas are m xed at the source point
upstream of the burner ports. |In the nozzle mixing type, gas and air do not

m x until they |eave the burner ports. Burners of the nozzle mxing type are
recommended. Types of burners are listed bel ow.

a) Inspirator. The inspirator type uses a jet of gas which has
sufficient energy to induce the proper quantity of primary air in proportion
to the fuel

b) Aspirator. The aspirator type uses air as the fluid which has
the necessary energy to induce the gas.

c) Fan Mxing. The fan nmixing type admits air and fuel to the
bl ower inlet for m xing.
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d) Nozzle Mxing. The nozzle mxing type generally provides a
hi gher turn-down ratio and requires | ower pressure conbustion air

5.2.3.2 Ol Burners. O burners must atom ze and vaporize oil to get the
oil into combustible form Large burners usually prepare the oil for
conbustion by first atom zing the fuel and injecting it into the conbustion
space for final heating, vaporization and mxing with conbustion air

Atoni zation is generally obtained by one of the follow ng nethods.

a) Horizontal Rotary Cup. In this method, a thin filmof oil is
spun fromthe rimof a cup being rotated at high speed. The oil enters a cone
of high velocity primary conbustion air where atonization is obtained. This
type burner is capable of being nodul ated over a wi de range, but is seldom
used because of high maintenance costs and inefficiencies.

b) Mechanical Pressure Atom zing. This nmethod expands the oil by
pressure through a small orifice thereby breaking it into a spray of very fine
droplets. This burner is not adaptable to appreciable nodulation as a drop in
pressure results in rapid deterioration in atom zization efficiency.
Mechani cal atonization requires the highest oil pressure and yields the
poor est performance.

c) Steam Atomizing. |In this method, oil is delivered to the
nozzle at pressures ranging from40 to 150 psi (276 to 1035 kPa) with steam
pressure not |ess than 20 to 50 psi (138 to 345 kPa). In npost cases, steam

atom zi ng can produce a turn-down of up to 10:1 at high efficiency. Steam for
atom zation must be dry as noisture causes erosion which inpairs burner

performance and causes pul sati ons which | eads to loss of ignition. |If steam
is wet, oil cannot be properly atonized regardl ess of the anpunt of steam
utilized. In general sone superheat, possibly up to 50 degrees F (10 degrees

C), is desirable. The steam supply |ine should be of proper size, well

i nsul ated, and adequately drained. The first cost of a steam atomi zing system
is less, but it is about 1 percent |ess energy efficient than air atom zation
The steam atomi zi ng burner has a higher turndown rate than the air-atonizing
types and is used whenever air atom zation cannot obtain the same turndown
ratio.

d) High-Pressure Air Atomi zing. This method is sinmilar to the
steam atom zing type except air under pressure is used instead of steam
Hi gh-pressure air-atom zing burners utilize air pressures of 30 psi (207 kPa)
and above and can operate within the sane range of oil pressures and preheat
tenperatures as the steam atom zi ng type.

e) Low Pressure Air-Atom zing Type. This systemgenerally
operates within 1/2 to 5 psig (3.5 to 34.5 kPa) air pressure and 5 to 20 psig
(34.5 to 138 kPa) oil pressure.

f) Low Excess Air Burners. These burners are designed to operate
with excess air down around 5 percent. The burners are high in first cost,
and require excessive supervision and mai ntenance. Low excess air burners are
used mainly to reduce nitrogen oxide (NOx) enissions.
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g) Low NOx Burners. Low NOx burners have a wi de variety of
designs. The principle of all | owNOx burners is the sane; they inherently
generate | ower NOx enissions due to internal staging of fuel conbustion, see
reference: EPA/ 625/5-86/020, Nitrogen Oxide Control for Stationary Combustion

Sour ces.

5.2.3.3 Ol Atonmization. O burner atom zing efficiencies and cost may
vary widely due to the method of atonization, fuel characteristics, and cost
of energy for heating oil or power to drive punps and bl owers. Satisfactory
atom zati on depends upon proper control of pressures, tenmperatures, and
viscosity or fluidity of the fuel. Adequate inspection, maintenance, and
repair schedul es are essential for efficient operation. Final selection of
the nmet hods of atom zation together with the arrangenent and degree of
automatic controls, should be based on design and performance data obtained
fromthe burner manufacturers. For prelimnary operating and plant heat

bal ance cal cul ati ons, the followi ng estimates may be used for final conparison
wi t h manufacturer data:

a) Amount of atonizing agent required for each gallon of oi
burned per hour:

Low pressure air - 10 to 15 scfm (0.282 to 0.433 square neters)

Hi gh-pressure air - 2.5to 3 scfm (0.0704 to 0.0845 cubic neters)

St eam - 2to 8 |lbs of steamper hr (0.907 to 3.63 kg/hr)

Mechani cal pressure - none

Rotary cup - none

b) Horsepower required to atonize each gallon of oil burned per

hour :

Low pressure turbo blower (16 psig (110.4 kPa)) - 0.1 Hp (0.075 kW

Hi gh-pressure conpressor (75 psig (517.5 kPa)) - 0.4 Hp (0.030 kW

St eam (100 psig (690 kPa)) - 0.12 Hp (0.09 kW

Mechani cal pressure (100 psig (690 kPa)) - 0.32 Hp (0.24 kW

Rotary cup - 0.050 Hp (0.0373 kW
5.2.3.4 Reconmendat i ons

a) Burners of the nozzle mxing type are recomrended.

b) It is reconmended that direct-ignition of any grade oil not be
allowed. All ignition systems should be spark-ignited-pilot ignition type.
Use of propane gas for this purpose may present a fire hazard. Because of its
hi gh density, |eaking propane may accunulate in lowlying areas in the plant.
Li ght gases such as natural gas should be used when avail abl e.
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c) On all burners where oil will be the only fuel, it is
recormended that the flame sensing elements be restricted to the frequency-
response (lead sulfide) type or the ultraviolet type.

d) Al oil burners should have two guns, one of which may be
renoved for cleaning while the other maintains the |oad.

e) An economic analysis should deternmine if oil burners should be
steam or air atonizing unless steamis required for greater turndown. When
air is used for atom zing, a steam connection should be provided for energency
use.

f) Al burners should have automatic recycling controls.

5.2.4 Wod Firing. Conbustion systems for wood are usually designed
specifically for the material and m xture of fuels to be burned. Wen the

noi sture content is high, over 60 to 65 percent, supplenental firing of coal
oil, or gas can be used or the wood nmust be mixed with | ow noisture fuels so

t hat enough energy enters the boiler to support conbustion. Dry wood nay have
a heating value of 8,750 Btu/lb (20 388 kJ/kg); but at 80 percent npoisture, a
pound of wet wood has a heating value of only 1750 Btu/lb (4078 kJ/kg). Table
11 shows the noisture-energy rel ationship.

The usual practice when burning wood is to propel the wood particles
into the furnace through injectors along with preheated air with the purpose
of inducing high turbulence in the boiler. The wood is injected high enough
in the combustion chanmber so that it is dried and all but the |argest
particles are burned before they reach the grate at the bottom of the furnace.
Spreader stokers and cycl one burners work well for this application. Before
choosi ng wood as a fuel to produce steam or HTW nmethods shoul d be researched
t horoughly. Success of sinilar operations, adequacy of fuel source, and
econoni cs shoul d be eval uat ed.

5.2.4.1 Suspensi on Burning of Wod. Snall wood chips or saw dust nmay be
bl own into the furnace chanber and burned in suspension. The ash or unburned
particles are collected on a traveling-grate and transported to an ash pit.

I n wood burning applications, heat rel eases have been as high as 1, 000, 000

Bt u/ square foot/hr (3155 kJ/square nmeter per s) of active grate area

5.2.4.2 Wyod St okers. Wod chips and waste products such as bark and hog
fuel are successfully burned in stokers. Spreader stokers and vibrating-grate
stokers have been prinarily used for this fuel

5.2.5 Solid Waste Firing. Solid waste, |ike wood, derives nost of its
heating value fromits cellulose content. The firing nmethods are therefore
very simlar for the two fuels.

5.2.5.1 Mass Burning. In mass burning, water-wall incinerator type boilers
use vibrating grates, underfire and overfire air systems, induced draft and
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pol lution control (normally electrostatic precipitator) systems. This type of
incinerator is field erected and ranges in capacities from 150 tons/day

(136 050 kg/day) and above. Metal corrosion/erosion is a continuing technica
problemin this type of unit. The |lower waterwall surfaces in particular mnust
be protected fromthe products of conbustion. Such protection is required at
least up to a level where the furnace atnosphere is consistently oxidizing.
Silicon carbide refractory is generally selected as the tube protection

mat eri al because of its conparatively high heat transfer coefficient. This
permts rapid transfer of heat to the tube wall and reduces refractory surface
tenperatures to nmininize slagging. To minimze nmetal waste, use the follow ng
precauti ons:

a) Keep gas velocities |ow.

b) Use wi de tube spacing.

c) Use silicon carbide furnace protection.

d) Mninize nmetal tenperatures.

e) Mintain proper conbustion air distribution

f) Uilize an overfire air system

5.2.5.2 Ref use Derived Fuel (RDF). Coarse RDF undergoes sem -suspension
burning on a thin fuel bed with non-agitating grates in watertube furnaces.
Fl uff or doubl e-screened RDF undergo combustion in full-suspension with

pul verized coal in Btu ratios of up to 20 percent refuse. Closer attention
must be given to the conmbustion conpatibility and bottom ash characteristics
when firing fuels in full suspension conbination fuel units (no grates for
burnout of oversize particles). Research should be conducted to deternine
whet her or not RDF can be produced and burned on an economical, reliable basis
bef ore being considered a viable alternative to mass burning of unprepared
refuse. Some significant problens are involved in this alternative which
affect feasibility. These are primarily:

a) Reliability of shredding equi pment.
b) Econoni c separation of nonconbusti bl es.

c) Material handling and storage for reliable flow of prepared
refuse to the conbustion chanber.

53 Conbustion Air

5.3.1 Conbustion Air Requirenents. The ideal conbustion air system has
no excess oxygen or unburned conbustibles exiting fromthe furnace. Firing a
fuel with this theoretical (stoichionmetric) anpunt of air would require
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i mpracticably long residence tine and infinite mxing of air and fuel. Firing
of a fuel therefore requires excess air to assure sufficient interaction

bet ween the oxygen in the air and the conbustibles in the fuel and to prevent
di scharge of excessive conbustibles in potentially explosive mxtures of
oxygen and fuel. Excess conmbustion air is generally in the range shown bel ow.

5.3.1.1 Coal Firing

a) Underfeed stoker 20 to 50 percent
b) Vibrating-grate stoker 30 to 60 percent
c) Traveling-grate stoker 15 to 50 percent
d) Spreader stoker 30 to 60 percent
e) Pulverized coal burner 15 to 20 percent

5.3.1.2 Al Firing

a) Register type burners 5 to 10 percent
b) Multifuel burners 10 to 20 percent

5.3.1.3 Natural Gas Firing

a) Register type burners 5 to 10 percent

b) Multifuel burners 7 to 12 percent
5.3.1. 4 Whod Firing

a) Stoker 25 to 50 percent

b) Suspensi on burning 25 to 50 percent
5.3.1.5 Solid Waste

a) Mass burning 80 to 100 percent
b) RDF burning 35 to 60 percent
5.3.2 Conmbustion Cal cul ations (Exanple Using Coal). In order to nake

combustion cal cul ations, it is necessary to use the nol ecul ar wei ght of any
substance. The nol ecul ar wei ght of carbon is 12, hydrogen is 2, and oxygen is
32; therefore, the nolecul ar weight of carbon dioxide is 12 plus 32 or 44. To
cal cul ate the anpbunt of air required for conbustion, the concept of the nmol is
used. A mol ecul ar wei ght expressed in pounds is called a pound.nol. For
exanpl e, using a bitum nous coal of the follow ng anal ysis (burned at 30
percent excess air), the following informati on can be cal cul at ed:
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Utimte
Pr oxi mat e Anal ysi s Mb
Anal ysi s % by Wei ght Wei ght
Moi st ure 7.50 Car bon 67.24 12
Vol atile Matter 36.74 Hydr ogen 4.50 2
Fi xed Carbon 46. 76 Sul fur 2.92 32
Ash 9. 00 Oxygen 7.52 32
Ni t rogen 1.32 28
Wat er 7.50 18
Ash 9.00

Btu/lb. 12100 (28 193 kJ/kg)

5.3.2.1 Oxygen Required per 100 Pounds of Coal. The calculation of the air
required for conmbustion is made on an oxygen bal ance because oxygen is the
only el ement common to all oxidizing reactions. Oxygen conbines with the
three combustibles in the follow ng proportions:

C+ 0O - CO
Hy + 0.50, ~ HpO
S+ O - SOy
O for C 1.0 x (67.24/12) =5.60 I b.mol O
O, for Hy 0.5 x (4.50/2) = 1.13 Ib.nmol O
O, for S 1.0 x (2.92/32) =0.09 Ib.mol O
$3313133133313)Q
Tot al = 6.82 | b. nol
Less Oy in fuel 7.52/32 =0.24 Ib.mol O
$313131313133313))Q
Oy required (stoichionetric) = 6.58 Ib.ml O
Oy in excess air 6.58 x 0.30 = 1.97 Ib.mol O
$3131313331333133))Q
Total Oy req' d with 30% excess = 8.55 Ib.ml O
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5.3.2.2 Air Required per 100 Pounds of Coal. Oxygen in air is equal to 21
percent by volune, therefore:

(8.55 I b.mol Op) X (%22 :Bg: '82;) = 41.00 |b-erI Alr

One | b.nol of air is equivalent to 29 Ibs. The total air required
for 100 | bs coal is:

(41 Ib.mol Air) x (I(bZ?rD: b,SAi)r) = 1189 | bs AII’/lOO | b Coal
5.3.3 Products of Conmbustion. The weight of the gaseous products |eaving

the boil er stack, assum ng conplete conbustion of the coal used in the above
exanple, is equal to the weight of the fuel |ess the ash content plus the
wei ght of total air required.

Net wei ght of fuel 100 I bs
Less ash content 9 | bs
Total comnbusti bl es 91 | bs
Wei ght of conbusti bl es 91 | bs
Wei ght of air 1189 | bs
Total gaseous products (flue gas) 1280 | bs

5.4 Fuel and Ash Handling

5.4.1 Coa

5.4.1.1 Coal Delivery. The total cost, reliability of supply, and
uniformty of the properties of coal as received by the consumer are effected
by the distance shipped and the neans of transportation used. In the United
States, coal is transported nainly by barge, rail, and truck. This accounts
for up to 75 percent of delivered coal cost. Transportation effects the as-
received condition of the coal. Factors affected by transportation are
freezing in transit, changing noisture content, or size degradation

a) Barge Delivery. Transportation by barge is the npbst econonica
over |long distances. The main drawback of this type of transport is its
inflexibility. Plants nust be |ocated on or near waterways |arge enough to
receive barges which can carry from 1,000 to 1,500 tons (907 000 to
1 360 500 kg) of coal. Coal delivered by barge is often off-|oaded by
cl anshel | bucket to conveyor systems for novenent to storage areas.

b) Railroad Car Delivery. Coal is transported by rail in cars
ranging from50 to 100 tons (45 350 to 90 700 kg) with an effective range from
500 to 800 miles (805 to 1 288 km along established railways. This method of
delivery is very slow and inflexible. Although rail delivery costs may exceed
the cost of coal at the nmine, it is the best available option for nany areas
wi t hout waterway access. Additional equipnent needed for rail delivery may
i ncl ude thawi ng equi pnent, car pullers and scal es, and special unl oadi ng
hoppers.
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1. Rai | road Car Thawi ng Equi pnent. \When high noisture coa
is shipped in freezing tenperatures, unloading the cars becones a mgjor
problem The need for special equipnent to unload frozen coal will depend on
the location and size of the plant. In a plant where bel owfreezing
tenmperatures are infrequent, manual operation to break the coal out of the
cars will be sufficient. |In regions where frozen coal is a regular
occurrence, thawi ng sheds or pits are often necessary. Top nmounted car
shakers which transmt a vibratory action to the railroad car can be used with
the thawi ng units or used independently in nilder climtes.

2. Railroad Car Pullers. Car pullers are usually of either a
capstan type or drumtype. A capstan type puller is satisfactory for handling
rail cars on |level grade provided the pulling capacity is not exceeded. For
hi gher pulling capabilities and |ocations where rails are not on |evel grade,
the drumtype puller should be used. In some cases a driven rail spotter
vehicle is justified in lieu of the above. In making a choice, consider
wei ght to be pulled, grade, radius of curvature (should be straight), track
condition and operating tenperature.

3. Rai |l road Car Scales. Railroad scales are optional for
large plants if their use can be justified.

4. Unl oadi ng Hoppers. A doubl e hopper arrangenent,
approximately 14 ft (4.27 m) wide and 28 ft (8.53 n) long should normally be
provided. Bar grating protects agai nst personnel and vehicles falling into
t he hopper. Hopper slope should be at |east 60 degrees from horizontal. Al
hoppers, chutes and surfaces on which coal flows should be stainless steel for
long |ife and good coal flow.

c) Truck Delivery. Transportation by truck is the npbst econom ca
over short distances. The effective range is approximately 150 mles (242
km). Although it is the nost flexible npde of transportation, it can also be
hi ghly dependent on the weather. Unl oadi ng equi pment for truck delivery is
simlar to that required for rail delivery but is nuch | ess extensive. Truck
scal es are optional subject to econonics and use justification. Truck hoppers
are a minimmof 10 ft (3.05 m by 10 ft (3.05 n) with steel grating and
hi nged or renovabl e covers.

5.4.1.2 Coal Handling Equi pnent. Extensive equipnment is required to
transport coal from unloading hoppers to the furnace or storage area. Typica
handl i ng systens coul d include a conbinati on of various elevators, crushers,
and conveyors.
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a) Coal Crushing Equiprment. Crushers should be used in climtes
where the breaking up of sizable frozen lunps is required or where run-of-nmnne
coal is used. Types of coal crushers comonly used in steam plants are single
roll, double roll, or Bradford breaker (rotating cylinder type). The main
drawback of belt feeders is the space required. A magnet should be installed
upstream of the coal crusher to renove tranmp iron fromthe coal. A screen and
bypass shoul d al so be provided to bypass properly sized coal around the
crusher. |If the crusher is not to be provided, space should be provided for
future installation.

b) Coal Feeders. Devices that deliver coal at a controlled rate
froma storage area are called feeders. Different types of feeders are used
for different applications in the plant. Sinple belt feeders are used from
t he unl oadi ng hoppers to the crusher or lunp breaker, or to other conveyors.
Varying the speed of the driving roller controls the feed rate. The main
drawback of feeders is the space required. A second type of belt feeder
using either a volunmetric or gravinmetric measuring systemis used to measure
the amount of coal entering the boiler or pulverizer. Milti-blade rotor type
feeders are al so used to provide a volumetric neasurenment of coal flow.  Apron
feeders can convey up inclines to 25 degrees and are rugged and |long |ived.
These feeders, which are expensive and require nore maintenance than belt
feeders, should only be used when the service is too rugged for a belt feeder

c) Bucket Elevators. Bucket elevators are used extensively for
vertical lifting of coal. Those used nost often today are the centrifugal -
di scharge and conti nuous-bucket types. Centrifugal discharge elevators are
available to handle 5 to 60 tons (4 535 to 54 420 kg) of coal per hour. This
type el evator has spaced buckets which receive part of their |oad of coal by
scoopi ng fromthe bottomof the elevator feed boot. The centrifugal elevator
is generally nore economical in the 40 to 50 ton (36 280 to 45 350 kg) per
hour range because it has fewer buckets than the continuous discharge el evator
and a loading leg, with its deeper pit, is not required. Continuous bucket
el evators are available from15 to 300 tons (13 605 to 272 100 kg) of coal per
hour and can be installed either in a vertical or inclined position. The
power requirements are approxi mately 10 percent less than required for a
centrifugal discharge el evator because they are | oaded by a | oading | eg rather
than a scooping action. Continuous bucket elevators with double strand roller
chai ns should be used above 50 tons (45 350 kg) of coal per hour

d) Belt Conveyors. Inclined belt conveyors can be used in |ieu of
bucket elevators for vertical lifting of coal. Belt conveyors have unlinited
possi bl e conbi nati ons, | ow operating cost, |ow power requirenents, are sinple,
quiet and reliable but normally require nore space than required by an
el evator. The maxi num sl ope of a belt conveyor, which is a function of coa
type and fines, is limted to 15 to 18 degrees for coal (27 degrees for wood
chips). A roughed belt conveyor will convey approximately tw ce the capacity
of a flat belt. When conveyors are routed across open spaces, galleries
shoul d be incorporated into the bridge structure. See Figures 16, 17, and
Figure 18. Galleries will pay off in systemreliability. They prevent ice
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and wind fromcausing the belt to run off center and prevent wi nd from bl owi ng
an enpty belt off its idlers. Galleries also decrease deterioration of the
belt by the sun. Belt conveyors are usually used in lieu of elevators for
system capacities over 100 tons (90 700 kg)/hour. A nmagnetic pulley or
suspended magnet shoul d be | ocated upstream of equi pnment to be protected.

Belt conveyors shoul d be covered for dust control and personnel protection.
Safety pull cords must be furnished to run along the |l ength of each conveyor
for quick shutoff of the conveyor. Backstops should be provided on an

i nclined conveyor to prevent reversal of belts on | oss of power.

e) Flight Conveyors. Flight conveyors use chain-drive and spaced
scrapers to push or drag coal along a trough. Poor operating and maintenance
condi tions have |l ess effect on the flight conveyor than on the belt conveyor
but the flight conveyor uses much nore power and is noisy. The maxi num
econonmic limt for double strand flight conveyors is approximtely 100 tons
(90 700 kg)/hour. Above this capacity and al so where | ong conveyors are
requi red, belt conveyors are nore econonical to operate.

f) Screw Conveyors. Sinple and i nexpensive, screw conveyors can
be built into restricted spaces and can easily be made dust-tight. Screw
conveyors are used for short runs or congested |ocations where little or no
inclination is required. For this type of conveyor, coal nust be relatively
free of tramp iron, wood, and other foreign matter. Trough | oading shoul d not
exceed 30 percent of the trough cross sectional area.

5.4.1.3 Coal Storage. Coal storage can be divided into two categories
according to purpose: active storage, which directly supplies firing

equi pment, and reserve storage to guard agai nst delays in delivery. Because
the comrercial value of coal decreases in storage, it is inportant that this
reserve be kept to the m ni mum safe amount. The changes that may effect the
val ue of coal are loss of heating value, size reduction, and possible | oss due
to spontaneous conbustion. The decrease in heating value in weathered coal
which results froma loss of volatile matter and el enental carbon, can greatly
effect the firing characteristics of the coal. The anmount of this [oss and
extent of size reduction are highest near storage-pile surfaces and are
greatest for |owranking coals.

a) Spontaneous Combustion. Oxidation of coal begins as soon as
freshly broken coal is exposed to the air producing carbon dioxide (CO),
car bon nonoxi de (CO), water, and heat. There are several characteristics and
condi tions which affect the oxidation of coal. They are coal rank, size or
surface area, tenperature, anount of air exposure, chemical conposition, size
and amount of iron disulfide (pyrites), and npoisture. Oxidation of coal takes
place in five stages. The first stage is the initial absorption of oxygen
This is a sl ow process and continues until the tenperature reaches about 120
degrees F (48.9 degrees C). The second stage is indicated by increasing
absorption of oxygen resulting fromthe continued rising of tenperature to 280
degrees F (138 degrees C). At this point the third stage begins which is
mar ked by the water vapor and CO, being given off. This stage continues unti
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t he oxi dati on beconmes spontaneous. This occurs when tenperatures reach 430
degrees F (221 degrees C) which is the beginning of the fourth stage. The

| ast stage begins at 660 degrees F (349 degrees C) at which point the coa
spont aneously ignites. The high rank coals are the easiest to store as they
contain | ess oxygen and oxidize slower. The iron disulfides react with water
and oxygen forming sulfuric acid, iron sulfate, and heat resulting in

i ncreasi ng oxidation rates and slacking. This is the reason the washed | ow
sul fur coals tend to have the best storage properties. It has been found that
spont aneous conbustion is nmuch nore likely with coals having greater than 1
percent sul fur, high ash content and | ow fusion tenperatures. \Wen these type
coal s are stored, provisions should be nade to nonitor the conditions within
the stockpile. For those |ocations where excessive |losses will result from
the storage of poor quality coal, it nmay be justifiable to purchase a nore
stabl e higher rank coal from another |ocation. Wthout oxygen, the oxidation
process cannot take place; so it is inmportant that the total coal surface
exposure to air be as |ow as possible. Coal should be stored so that air
cannot infiltrate or nove through the storage pile. Spontaneous conbustion
usual ly results fromcarel ess storage procedures. \Where coal is properly
stored, this likelihood is renpote.

b) CQutside Storage. Where outside storage serves only as a
reserve, normal practice is to take part of an inconm ng shipnment and transfer
it directly to live storage within the plant, and to divert the remainder to
the outside pile. The reserve stockpile should be |arge enough to |last a
m ni mum of 30 days at peak steam denand. Whenever possible, additional coa
shoul d be stockpiled in preparation for interruptions in coal delivery (such
as possible mne or freight strikes). The nethod of storing and reclaimng
coal in an outside storage pile should be determ ned to satisfy regulatory
environnental restraints. The pile should be on a concrete surface with an
i mpervious barrier. Drainage and collection of rainwater runoff, and
treatment or neutralization of effluent should be included in design. The
storage pile should be built up in successive conpacted |ayers no nore than 2
ft (610 mm thick. The top should be slightly crowned to prevent water from
penetrating the pile. A surface |ayer of fines, which can be created by

conpacting with a bulldozer, will prevent oxidation of |ower |ayers.

c) |Inside Storage. The active coal stockpile is al npst always
retained in a covered structure such as a bunker or silo. Quite frequently,
these structures are used for reserve storage as well. Al though encl osed

storage of reserve coal is nore expensive than an outdoor pile, sone of its
advant ages include m ninm zed | osses, good coal condition, and |ess |abor-
i ntensi ve handl i ng.

1. Bunker Design. Bunkers should be sized for a m ni mum 30
hour supply at naxi mum boiler capacity. The interior surfaces of the bunkers
must be kept clear of obstructions that would inpede the flow of coal
Interior ladders should be at least 1 foot off the walls and di scharge gates
shoul d be self cleaning. The vertical bunker walls should be lined with a
corrosion resistant |liner such as a resin with hardener and graphite
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aggregate. The hoppers should be clad with 410 stainless steel on the cone
section of the bunker. Parabolic suspension bunkers are not recommended
because the flow of coal fromall outlets is not uniform this creates dead
pockets and causes a spontaneous conbustion hazard. Cylindrical bunkers are
used to reduce danger of spontaneous ignition of coals containing over 1
percent sulfur. Wth this design, stagnation and coal segregation are

m nimzed. At |east the bottom of each bunker should be in the building to
precl ude bottom freezing. Discharge hoppers should be sloped at |east 60
degrees. An energency di scharge chute or screw conveyor shoul d be provided
for each bunker to renpve coal fromthe bunker in emergency situations.

2. Bunker Fires. Carbon dioxide protection should be
consi dered for bunkers as required in para. 10.13. Provide detectors to sense
gas m xtures caused by heating of the bunker. Mechanical coal handling
equi pment shall be provided to renove hot coal to the building exterior when
it cannot be burned in the boiler within a reasonably short period.

3. Silos. Cylindrical silos can be used when coal sulfur
content is less than one percent. These silos conbine active and reserve
storage in one structure. Their |live storage capacity is less than that of a
bunker and requires bucket elevators to utilize the entire storage vol une.
Common practice is to put |live storage in the upper portion of the structure
and reserves in the lower. Wen the live storage is full, coal spills over to
reserve, which discharges to the pickup point of an el evator or conveyor. The
silo bottom hoppers or cones should be sloped at | east 60 degrees and |ined
with type 410 stainless steel (The slope of the cones depends on the coa
avail able; the slope for western bituninous coal is 70 degrees). The outlet
gates should be heated sufficiently to prevent freezing. Recirculating
conveyor systems should be installed to recycle coal frombottomto top to
det er spontaneous comnbustion should coal be retained in the silo for an
extended period of time. Capacity should be 96 hours of coal storage for
consunption at total plant capacity. Live bottomsilos (wthout storage
shel ves) should be used where coal sulfur content is nobre than one percent.

5.4.2 Fuel O

5.4.2.1 Recei ving and St orage

a) Storage and receiving of fuel oil is covered in NAVFAC DM 22,
Petrol eum Fuel Facilities, and NAVFAC MO 230, Maintenance Manual Petrol eum
Fuel Facilities. Mninumoil storage at plant nust be equivalent to 120 hours
operation at total plant capacity. Total activity storage nust not be |ess
than 30 days supply based on col dest 30 day requirement for primary or backup
fuel .. The preferred storage, is 30 days supply at plant capacity.

b) The conplete oil unloading and storage facilities shall satisfy
the pollution abatement requirements specified in EPA 38 CFR 237 Environnent al
Protection Agency, Ol Pollution Prevention, Non-Transportation Rel ated
Onshore and Offshore Facilities.
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c) For rules and regul ations, refer to NFPA no.31, Standard for
the Installation of G| Burning Equi pnent.

5.4.2.2 Ol Handling in Pl ant

a) Preheating and Recirculation. Wen a boiler plant is shut
down, heavy oil will congeal in an oil burning system \here cold start-up of
the plant is required, provide a thernmoelectric method to trace heat the
systemoil and piping. Provide punps to circulate oil through electric
heaters, piping, storage and return the heated oil to tank for mxing with
tank oil at suction. For econom c reasons, a steamor hot water oil heater
shoul d be installed in parallel with the electric heater for use at all tines
other than start-up. Fuel oil may be heated to punping viscosity by a tank
heater, tank suction heater in the suction line to the punp, or by a return
line heater. Recirculation of oil back to the tank should be continuous to
keep the formation of sludge in the oil tanks to a m ni num

b) Tenperature. G in the suction line to the punmp nust be
heated to the tenperature corresponding to optinum punpi ng viscosity. Ol
fromthe punp di scharge nust be heated to the tenperature necessary for
opti mum atom zi ng viscosity which is defined by the burner manufacturer. |If
the punp suction is under negative pressure, avoid vapor |ocking by keeping
the punp tenmperature below the oil flash point. Avoid tenperature buildup of
oi | above the flash point in the oil tank. This buildup is due to oil at
atom zing tenmperature (which is above flash point) being returned fromthe oi
burners. Provide a high tenperature bypass around the heater to the oi
return to mix with hot oil returned fromburners to linmit oil tenperatures in
t he tank.

5.4.2.3 Punpi ng. Base the punping rate on the anount of return oi
necessary to mx with tank oil to forma suction mxture at opti nmum punping
viscosity, plus the burning rate of all burners. Rate of oil return nmust be
controlled to preclude overheating of the oil with its resultant punping
probl ens.

5.4.2.4 Bl endi ng. Blending (mxing) of fuel oils should not be attenpted
wi t hout establishing the conpatibility of oils in question. Mke sure proper
research and testing is done before nixing, because oils of a different
character, such as distillates or residuals, straight or cracked (thermally or
catal ytically) may react to cause heavy sludgi ng and handling probl emns.

5.4.2.5 Q| Tank Heating. To avoid coking of oil in contact with the coils
in the oil tank, the tank heating coils should not exceed 240 degrees F (115
degrees C). Circulation of HTWthrough coils is preferable to steam because
of better control. |If the oil pressure exceeds the steamor HTWpressure in
the heating coils, use double-walled tubing in the coils to prevent
cont ani nation of steamor HTWwith oil. Use steamor HTWin the inside tube,
a thermal liquid between the inner and outer tubes, and oil on the outside of
the outer tube. The thermal l|iquid should be at very | ow pressure and
pressure sensitive alarmwith sight glass provided to indicate | eak of oil or
steaminto the thermal 1iquid.
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5.4.2.6 Waste G 1. The use of waste oil as a supplenmentary fuel should be
undertaken only with proper precautionary neasures to ensure that the oil does
not contain products that will damage equi pment or generate pollutants that
will be harnful to the environment.

5.4.3 Nat ural Gas

5.4.3.1 Applications. Furnish the equi pnent and piping called for in ANSI
Z223.1, National Fuel Gas Code/NFPA 54. Consult with the gas transni ssion
conpany to determine whether gas will be supplied on a continuous or
interruptibl e basis.

5.4.3.2 Metering and Meter Locations. Gas neters shall be selected and

| ocated according to criteria in ANSI Z223.1/NFPA 54. The utility conpany
shoul d be consulted to deternine whether it will provide the metering station
with accessories, housing, connecting pipeline, and if the utility has
specific piping requirements. |In addition to the main plant neter, individua
nmeters shall be provided for each boiler

5.4.3.3 Pressures. \here the supplied gas pressure is too |ow for the
requi red burner turn-down range, use a pressure blower (radial vane or paddle
wheel type; refer to ML-HDBK-1003/8, Exterior Distribution of Utility Steam
HTW CHW Natural Gas, and Conpressed Air) to add to its rated pressure to
obtain the proper burner pressure. Alow for pressure drops in piping and
burner control valves in conputing the pressure regulator valve setting.

5.4.3.4 Venting. Gas mmins, burner headers, gas piping, etc., shall be
vented according to the criteria in NFPA 85A, Prevention of Furnace Expl osions

Si nge Burner Boil er-Furnaces and NFPA 85B, Prevention of Furnace Explosions in

Gas Multi-Burner Boiler

5.4. 4 Wod. Wod products potentially available as fuel for generating
steamin central heating plants are hogged, wood chips, sawdust and bark.
Appropriate dust control neasures shall be taken to prevent explosive m xtures
of dust from being present in the plant. Handling and storage of sawdust

pell ets nust be in accordance with ANSI/NFPA 664, Wod Processing and
Wodwor ki ng Facilities.

5.4.4.1 Whod Delivery. Since wood burning is mainly confined to areas
where it is locally avail able as a by-product or waste, nost deliveries are by
truck. Unloading wood fromtrailers can be acconplished with truck dunpers,
which tilt the trailers and allow chips to fall into an unl oadi ng hopper

5.4.4.2 Wod Handl i ng Equi pnment. Belt conveyors with suitable fire
protection should be used for transporting wood waste from storage to surge
bins. These surge bins supply the distributors (mechanical or pneunatic)

whi ch feed the wood waste into the boilers. Surge and storage bins should al
have counter-rotating screws on the bottomto mninize bridging of stored wood
chi ps.
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5.4.4.3 Wod Storage. Wod chips can be stored outdoors in piles and
recl ai mred as usage demands. For recomrended practices for outdoor storage of
wood chi ps see NFPA 46, Storage of Forest Products. Storage of wood chips

general |y should not exceed 1 year. |n areas of deep snows and extrene col d,
covered or indoor storage is desirable. Sawdust and bark shoul d be stored
i ndoors because they absorb noisture when stored outdoors. |In |large

installations, 3 to 4 days storage in a prefabricated storage building with a
traveling transverse reclai mscrew shoul d be considered. Mxi num duration of
chip storage with under-pile reclaimscrew should not exceed 15 days. |If
reclaimis with nobile equipnent, nore storage of chips can be provided.

5.4.5 Solid Waste Handling. Unprepared refuse in quantities greater than
150 tons (136 050 kg)/day is handl ed nost conveniently with a pit and crane
system The refuse is dunped fromthe refuse trucks into a storage pit where
wet and dry material can be mixed by the crane operator. Crane speed and
bucket (or grapple) size should be sufficient to pernmt the operator to mXx
the refuse in addition to feeding it to the incinerator hopper. Handling of
prepared refuse is one of the key problem areas requiring further devel opment.
Because of the difficulty of renoving all the abrasives fromrefuse, pneumatic
handl i ng systens deteriorate rapidly. Delivery of RDF to the incinerator-
boiler on a full-scale, reliable basis is essential. Dual processing and
conveying trains have not conpletely elimnated fuel bottlenecks in existing
syst ens.

5.4.6 Ash Handling. The disposal of bottomash collected bel ow the
furnace and fly-ash collected from back-pass hoppers nust be considered in

pl ant design. Pneunatic, hydraulic, and mechani cal conveying systens are used
to transport ash from hoppers to a silo where it is collected for disposal

Dust control equipnment nmust be provided to limt ash dust levels in occupied
areas. Cinker grinders may be necessary to reduce the size of bottomash in
sone cases. Special considerations such as snol dering enmbers or char, which
may be present in ash fromwood and solid waste fuels, nust also be

i ncorporated in design.

5.4.6.1 Pneumatic Systems. For plants over 50,000 pounds of steam per hour
(6.30 kg/s), a negative pressure pneumatic handling systemis usually used.
This type of systemw || also include; a clinker grinder, a receiver-

separator, an ash silo with vent filter, and an ash conditioner for dustless
dunmpi ng of ash. Mechani cal exhausters (blowers) or steam exhausters may be
used to produce the vacuum which pulls ash fromthe dry ash hoppers. The

st eam exhaust er requires approxi mately 2500 | bs of steam per hour (at 80 psig
(552 kPa)) for a 6-inch (152.4 nmm) piping system (8-inch (203.2 nm systens
requi re 3500 pounds).
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5.4.6.2 Hydraulic Systems. Hydraulic bottom ash systens are used on
boilers of all sizes and are particularly useful in slagging type furnaces
where renoval of molten ash would otherwi se be a problem Wth this type of
system however, fly-ash must be handl ed separately by steam or nechanica
exhausters. The hydraulic systemuses either jet punps or centrifugal punps
to transport an ash/water slurry fromthe wet ash hopper. A clinker grinder
reduces ash size to ensure unhanpered transport through the pipeline. De-
wat ering tanks are then used to prepare ash for renoval fromthe plant.

5.4.6.3 Mechani cal Systens. For plants up to 50,000 | bs of steam per hour
(6.3 kg/s), mechanical handling systenms are sonetinmes used. These systens nmay
i ncl ude any conbi nation of screw conveyors, flight conveyors, and scraper
conveyors to transport ash from hoppers to the ash silo. Wt bottom ash
hoppers can al so be enptied by nechani cal systens.

5.4.6.4 Ash Silos. Provide ash silos with a m ninum capacity of 72 hours
at maxi mum boil er plant capacity. Although ash may set up in about three days
and proper operation includes daily renoval of ash, sone plants may require 7
to 10 days storage because of 4-day weekends and problems with weather and ash
di sposal contractors. Size systemfor 2 tines the ash rate. Use rotary ash
conditioners for all heating plants. In areas of freezing climtes, the
rotary ash conditioner area should be encl osed and the equi pnent at the top of
the silo should be protected with an enclosure. The ash storage silo shall be
constructed of steel and be provided with explosion relief to conformwth
NFPA 68, Venting of Deflagrations.

5.4.6.5 Ash Disposal. Disposal of ash fromthe rotary conditioner should
be considered at the time of design. Wod ash may be di sposed of in |oca
land fill areas or used as a fertilizer if not contaminated with oil fired
soot. Coal ash may require disposal in a hazardous waste landfill area if not
used comercially in cement of concrete bl ock manufacturing.
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Section 6: POLLUTI ON CONTROL EQUI PMENT AND SYSTEMS

6. 1. Mechani cal Cycl one Dust Collectors

6.1.1 Application. Miltiple tube cyclone collectors are used to collect
particulate matter em ssions fromindustrial boilers. They are used as
fol |l ows:

a) On boilers in low capacity installations where particul ate
renoval requirenents of state and | ocal codes can be net,

b) Protect a fabric filter fromfire damage by elim nating gl ow ng
char fromthe gas stream

c) Act as a prefilter ahead of a wet scrubber or an electrostatic
precipitator to renpove |arge particles inexpensively.

Some pol lution control equipnent designs do not require upstream
mechani cal collectors. Mechanical collectors are the ninimum degree of
particul ate renoval required upstream of an induced draft fan

6.1.2 Construction. The collector is conposed of a number of fixed vane
cyclone tubes, generally 6 to 9 inches (152.4 to 228.6 nm in dianmeter; the
tubes are arranged in a tube sheet within a housing having conmon inlet,

outl et and dust storage hoppers. Valley angle of hopper should be a m nimum
of 55 degrees. An access door and poke hole (2-inch coupling with pipe plug)
are required per hopper.

6.1.3 Performance. This type collector can renove particles of 10

m crons and larger at efficiencies up to 92 percent. Because efficiency
varies with the flue gas velocity, collection efficiency between 60 and 80
percent is common. Changes in operating conditions such as load swings (with
effects on gas volune, tenperature and density) and changes in fuel size and
ash conposition (with effects on particulate |oading and dust characteristics)
can adversely affect perfornmance.

The vortex in each cyclone tube separates solid particulate matter
such as dust or fly ash fromthe gas stream The centrifugal force of the
vortex action causes the particulate to inpact the tube wall and fall by
gravity into the hopper. The cleaned gas is discharged into an outlet plenum
duct. The separating operation is carried out w thout noving parts and
therefore requires only periodic inspection and repair. Sectionalizing the
mechani cal collector and the inlet duct can maintain peak efficiencies at
predeterm ned | oad | evel s but corrosion problens can result in the unused
sections under the soot deposits.

6.1.4 Desi gn Requirenents. Size hopper(s) for an 8-hour collection
period at full |oad. Ash nust never be allowed to fill hoppers up to the
cycl one tubes. High ash level will cause particul ate bypass, erosion and

cl oggi ng of tubes. When firing wood chi ps or bark, hoppers nmust have ash
renoved as fast as it is collected to prevent clinkers and heat damage from
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accunul ated ash. When firing lignite, hoppers must be cl eaned continuously or
enptied within 4 hours to prevent heat danage. The inlet of the mechanica
cycl ones should be installed so that the gas flowis relatively uniform if
not, straightening vanes nmust be installed upstream of the collector

Ductwork (breaching) nust have gradual size transformations up-stream of the
collector to prevent turbul ence in the duct and reduced coll ector perfornmance.
Desi gn shall be based on predicted flue gas tenperature |eaving the boiler or

econom zer plus 25 degrees F (13.8 degrees C). Pressure drop will vary
according to boiler flue gas flow but will generally be from2 to 3 inches of
water (0.5 to 0.75 kPa). Table 15 shows the particle size distribution for a
hi gh sul fur coal with an ash content of approximately 12 percent. It can be
seen that 90 percent collection of particle sizes in the 10.0-15.0 nicron
range will provide an overall collection efficiency of 60-70 percent.
Particle size distribution and the quantity of flyash will vary

according to fuel characteristics and the type of combusti on process being
used.

Tabl e 15
Typi cal Flyash Analysis for a Spreader Stoker
Bahco Size Distribution

*333333332333333332333333313333133333133331333131313313133331313313133313131331313I13111)1))

* Particle Size Range Average Particle Percent in Gas *
* M crons Size Mcrons St ream *
* 0- 7.5 3.75 28.0 *
* 7.5-10.0 8.75 5.0 *
* 10.0-15.0 12.5 7.0 *
* 15.0-20.0 17.5 5.0 *
* 20.0-30.0 25.0 8.0 *
* 30.0-40.0 35.0 6.0 *
* 40.0-60.0 50.0 7.5 *
* 60. 0+ 60. 0+ 33.5 *

-233333333333333333333333333313333133333133331333313133331333313133331133131II31IIX))))-

6.1.5 Accessories. Collectors shall be equipped with means of
periodically, and preferably automatically, renoving collected ash and
cinders. Accessory equipnent generally to be included in an installation are
hopper bottom vibrators, rotary air seal feeders on hopper outlet, conveyor
expansion joints at conveyor, high level alarm a local control panel to
operate the di scharge equi pnent, hopper dust |evel indicator, hopper heater

i nsulati on and pressure gauge. Provide a water wash system when burning oil
hi gh sul fur fuels, or other corrosive fuels, in order to renove corrosive

resi dual ash when the unit is out of service. Provide inspection doors at the
inlet and outlet ducts of the collector
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6.2 Fabric Filter Dust Collectors
6.2.1 Application. Fabric filter dust collectors (baghouses) are

becom ng increasingly popul ar because of their conpatibility with acid gas
scrubbers. The addition of an acid gas scrubber upstream of a baghouse all ows
the unit to be used with virtually any type of conmbustion process because the
scrubber renoves all burning flyash particles.

Fabric filters cannot be used downstream from a wet scrubber, or
anytime the emi ssions are danp, because nmoisture will blind (clog) the
filters.

If an acid gas scrubber is not required, the possibility of burning
flyash carryover (or unburned fuel that may blind or snolder on the surface of
t he bag) nust be consi dered.

6.2.2 Advant ages. The mmj or advantages of fabric filter dust collectors
over electrostatic precipitators are: lower initial cost, modul ar construction
(permits on-line maintenance), no high voltage requirements, sinplicity, w de
econoni cal capacity range, and a high collection efficiency (99 percent plus)
that is not appreciably affected by such variables as inlet grain |oading,
particle size distribution, turndown, or fuel constituents.

6.2.3 Di sadvant ages. The fabric filter is sensitive to flue gas
tenmperature and the flue gas tenperature nmust be controlled for maxi mum bag
life and preventing bag blinding (clogging). Operation with flue gas

tenperatures bel ow the dew point will blind the baghouse filters within a
short operating period and shorten fabric filter life. Operation above the
tenperature linmts of the fabric filter will result in fabric failure. See

para. 6.2.9, for minimmrequirements to prevent tenperatures bel ow the dew
poi nt and those tenperatures above the specified linmt fromentering the
baghouse.

The 2.0-5.0 inch water gauge (in. wg.) (0.25 to 1.25 kPa) pressure
drop across a baghouse is high conpared to the typical 0.5-1.0 in. wg.
pressure drop across an electrostatic precipitator. This puts a higher stress
on the ducting between the baghouse outlet and the induced draft fan. The
hor sepower requirenments of the fan are nuch higher and add to the annua
operating cost of the unit.

6.2.4 Types
6.2.4.1 Reverse Air Collector. This type fabric filter is sonmetinmes called

the inside bag collector type because the fly ash is collected on the inside
of the fabric filter bag. The casing is divided into two parts by a tube
sheet with the upper or clean air side containing the fabric filter bags. The
fly ash hopper is located beneath the tube sheet. This type fabric filter
collector is cleaned by reversing the gas flow through the fabric using clean
flue gas.
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6.2.4.2 Pul se Jet Collector. This type is also called the outside bag
collector since the fly ash is collected on the outside of the fabric filter
bag. The tube sheet is in the upper part of the casing and the fabric filter
bags extend down into the dirty side of the casing. The bags are supported by
a wire cage which prevents the bag from coll apsi ng under flow conditions.

This type fabric filter collector is cleaned by pul ses of conpressed air

i njected down inside and through the fabric filter bags. C eaning may be done
of f-line by isolating nodul es or on-line.

6.2.5 General. To properly apply their equipnment, the fabric filter

col  ector manufacturer nust know the expected inlet gas conditions over the
range of inlet conditions. For applications which are operationally sensitive
at reduced load, i.e., stokers and incinerators, upset partial |oad conditions
shoul d al so be included. This information can best be supplied by the boiler
or incinerator manufacturer; conpensation nust be nade for the effects on any
system conponents between the boiler or incinerator outlets and the fabric
filter collector inlet.

In determining the inlet gas conditions for existing installations,
source testing should be perfornmed to deternmine the gas flow and contents.
Gas vol ume determ nation should be nade using a Pitot tube in accordance with
IGCl Bulletin 101, Test Procedures. This publication incorporates ASME PTC
27, Dust Separating Apparatus. For particul ate | oading, an actual sanple
shoul d be taken and anal yzed in accordance with ASME PTC 28, Determining the
Properties of Fine Particulate Mtter.

For new installations, the inlet gas conditions should be obtained
fromthe manufacturer. |If inlet gas conditions are not available, the inlet
and outlet gas contents must be estimated. Wen estimates are nmade, the
eni ssion factors and handbook data should be taken from EPA AP-42, Conpil ation
of Air Pollutant Em ssion Factors.

Source testing should be conducted in accordance with the
appl i cabl e portion of EPA 40 CFR 60, Appendix A, Reference Methods.

6.2.6 Reverse Air Collector

6.2.6.1 General. This type of cleaning action is much gentler than pul se
jet cleaning. The collector operates at a lower air to cloth ratio than pul se
jet collectors which results in a higher initial cost. The filter fabric
usually lasts 2 to 3 times longer in the reverse air unit. The reverse air

col lector is comonly used for larger flue gas systems. For flue gas flows
from 50, 000 ACFM up to 100,000 ACFM a life cycle cost analysis should be nade
to determine the proper selection. For flue gas flows above 100, 000 ACFM the
reverse air collector is the preferred type.

6.2.6.2 Design Criteria. For a conservatively sized reverse air fabric
filter fly ash dust collector the design gas flow nust be carefully selected
for the actual expected operating conditions.
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Addi tional allowances for excess air should be used above those
gi ven by boiler manufacturers for predicted performance data. Expected
operating conditions nmust be explicitly defined and equi pment systens nust be
designed to neet all operating nodes. The follow ng design paraneters can be
used as a guide:

a) Collector should be a conmpartnmental design with sufficient
conpartnents so that construction and performance criteria are net with one
conpartnent cl eaning and one off-line for maintenance.

b) Maxinmumgross air-to-cloth ratio to be 2.0 to 2.5 ACFM square
feet of filter area.

c) Muximumnet air-to-cloth ratios with one nodule off-line for
cleaning and reverse air fan cleaning should be 2.5 to 3.0 ACFM square feet of
filter area.

d) Mnimumreverse air flowto be 1.50 ACFM square feet of filter
area in a nodul e

e) Bags are usually of woven fabric with a maxi mum bag length to
dianeter ratio of 38 to 1 and an adequate number of anti-collapse rings sewn
into the fabric.

f) Maxi mumtotal baghouse pressure drop frominlet flange to
outlet flange with one nodule cleaning to be 6 in. wg.

g) Hoppers should be designed with adequately sl oped side walls
for the fly ash characteristics to be encountered. M nimum sl ope of the
val |l ey shoul d be 55 degrees. Hoppers shoul d have poke holes, strike plates,
hopper vibrators and high ash |l evel indicators. Hopper capacity should be 8
to 10 hours using one-third of the hopper vol une.

h) Provide access to all working and maintenance areas with a
protective penthouse to allow for bag mai ntenance.

i) Design inlet and outlet ductwork plenuns for equal gas
distribution to all nodul es.

j) Flue gas temperature nust be controlled at a mnimum 25 degrees
F (13.9 degrees C) above the dew point and bel ow the maxi mum t enperature
limts of the fabric filter for the expected | oad range of the boiler

k) The collector housing, hoppers, inlet and outlet plenuns, and
reverse air plenumshould all be insulated. A mnimmgas flow should be
mai nt ai ned through the reverse air fan and pl enum even when not in a cleaning

cycle. This will avoid fan or duct corrosion due to the tenperature of
residual flue gases dropping below their dewpoint. Provide walking surfaces
to all maintenance and access locations. Insulate probes, pressure taps, and

any other sources of heat sink that may cause |ocalized cooling and corrosion
of the internal walls.
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) Hopper heaters or other supplenmental heat should be considered
in colder clinmtes or on systens that frequently cycle on-line and off-Iline.
Bag life is considerably reduced on systens that frequently pass through the
acid and/or noisture dew points. Heaters should nmaintain internal hopper skin
tenmperature at 200 degrees F (93.3 degrees C

m Adequate nmeans of nmintaining bag tension nmust be provided.

n) Controls and instrumentation at a m ni num shoul d provide for
differential pressure indication across entire baghouse and each individua
nodul e, individual nodul e isolation, automatic and nanual cleaning capability
based on pressure drop across the collector on timed cycle, enmergency bypass
capability for high pressure differential, |ow and high tenperature
conditions, |ow oxygen conditions.

0) Collector manufacturer should furnish his field representative
to assist the Contractor in the installation and startup of the collector and
to train the Governnent's operating personnel

p) Proper startup and shutdown procedures mnust be specified and
foll owed. The shutdown procedure nust provide for maxi mum renoval of residua
ash and flue gas (by repetitive cleaning cycles and fresh air purging).

Resi dual ash and oxi des of sulfur and nitrogen form acids which will cause
corrosion in an off-line unit, especially if the unit is unheated and subject
to tenperature swi ngs through the noisture dewpoint.

6.2.6.3 Performance. The reverse air collector is capable of nmeeting al
exi sting particulate em ssion standards.

A properly designed collector can nmeet the New Source Perfornance
Standard (NSPS) of 0.05 Ib/mllion Btu input (0.021 kg/kJ). Sonme guarantees
are now being given of 0.03 Ib/mllion Btu input (0.013 kg/kJ). However, the
design shall conformto requirenents set out in the construction pernit for
the particular site. Conduct source enissions tests at design conditions in
accordance with EPA 40 CFR Part 60, Appendix A

The stack emission or efficiency requirement nmust conply with
wei ght emi ssion standards, opacity regulations, or conmunity standards for
visible em ssions. Conpliance with existing enission codes nmay not satisfy
the opacity regulation. Simlarly, opacity regulations may not be as
demandi ng as community standards. A specific quantitative emi ssion rate nust
be sel ected on the basis of the goals established.

Stack opacity is influenced by particle size and quantity. For
exanple, with pulverized coal-fired boil ers, about 45 percent of the ash
particles are below 10 microns in size; for a stoker-fired boiler, about 25
percent are below 10 microns. A visually acceptable stack for these two
options might require residuals of 0.02 grains per dry standard cubic feet
(gr/dscf) and 0.04 gr/dscf, respectively.
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6.2.6.4 Construction. The casing including tube-sheet, hoppers, and ducts
shoul d be of a mininum 7 gage ASTM A36 steel designed to withstand the maxi mum
static conditions of the draft systemat the nmaxi mumtenperature linmts of the
fabric filter. It is not unconmon to see these conditions set at plus or
mnus 20 in. w.g. at 550 degrees F (287.5 degrees C). The nodul e outl et
danpers and reverse air danpers must be of zero | eakage design. Properly
fabricated poppet danmpers have proven satisfactory for this service and are
conmonl y used.

6.2.7 Pul se Jet Coll ector

6.2.7.1 Design Conditions. A pulse jet collector uses dry high pressure
conpressed air from80 to 100 psig (552 to 690 kPa) depending on the fabric
filter supplier's recomendati on as a cleaning mediumto back-pul se the bags.
To assist in cleaning, the tops of the bags are usually provided with a
venturi which inducts secondary air into the bag. H gh quality sol enoid

val ves are required in the conpressed air lines as pulse times are usually
measured in fractions of a second.

For fly ash collection applications, off-1ine cleaning with nodule
isolation is preferred by nost to extend fabric filter Iife and sone

manuf acturers prefer to onmit the venturi. Both woven and felted fabric may be
used. Felted fabric has shown a longer life but with a higher cost. Wth the
hi gher air-to-cloth ratios this collector will probably require |ess space

than a reverse air collector. The pulse jet collector is a nore sinply
designed unit with fewer noving parts and a nmuch | ess conplicated contro
systemthan the reverse air collector

6.2.7.2 Design Criteria. The following criteria can be used as a guide for
of f-1ine cleaning pulse jet collectors.

a) Collector should be a conpartnental design with sufficient
conpartnents so that construction and performance criteria are net with one
conpartnent cleaning and one of f-1ine for maintenance.

b) Maxinmumgross air to cloth ratio to be 3.5 to 4.5 actual cubic
feet per minute per square foot of filter area.

c) Muximumnet air-to-cloth ratio with one or nore nodul es of f-
line for cleaning and or service to be not nmore than 5.0 actual cubic feet per
m nute per square foot (1.524 m) of filter area.

d) The above air-to-cloth ratios are for woven fabric. Sone
felted fabric manufacturers may consider slightly higher ratios.
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e) Maximumtotal baghouse pressure drop frominlet flange to
outlet flange with one nodul e cl eaning should be 8 in. wg.

f) Bags are nomnally 5 to 6 inches (0.127 to 0.157 m) in dianeter
and 10 to 12 ft (3.04 to 3.66 m | ong.

g) Space cage wire according to fabric filter supplier's
recomrendati ons.

h) Wbven glass or felted glass fabric can be used. An econonic
anal ysis shoul d be performed based on initial cost and expected bag life.

i) The design criteria conments for the reverse air collector
hoppers, access, inlet and outlet plenuns, flue gas tenperature control
hopper heaters, insulation, controls, instrunentation, maintenance, and
manuf acturer's field representatives apply to the pulse jet collector

6.2.7.3 Performance. The pulse jet collector has denonstrated performance
equal to that of the reverse air collector; the sane conments apply to both.

6.2.7.4 Construction. The casing design requirements are the same as for
the reverse air collector. The nodule outlets are commonly provided with | ow
| eakage butterfly type danmpers in lieu of the poppet danpers. A wal kway
shoul d be provided in the pl enum above the tube sheet of sufficient height to
al l ow for bag repl acement.

6.2.8 Fabric Filter Media Types

6.2.8.1 Wven G ass. Woven fibergl ass bags have established a good
operating record for continuous operation up to 500 degrees F (260 degrees C)
with surges to 550 degrees F (287.5 degrees C). These bags are coated with a
finish to provide increased chem cal resistance to acid attack and inprove
abrasi on resistance between glass fibers for longer life. The designer shal
careful ly evaluate tenperature linmitations, abrasive characteristics, and
chem cal resistance as all affect nmintenance and operational costs.

6.2.8.2 Felted Jass. At the present tine there is one major manufacturer
of this fabric. Early experience was prom sing. However, the cost of this
fabric is high, and sone bonding problems with the felted material have
occurred. This fabric has the same tenperature linitations as the woven gl ass
bags. This fabric is fairly stiff and is only used on pulse jet applications.

6.2.8.3 Teflon. Teflon fabric is also quite expensive and shrinkage
probl enms have been experienced at tenperatures at approxi mately 400 degrees F
(205 degrees O).

6.2.8.4 O her Fabric Filter Media. Oher nmedia types such as Nomex and
Acrylic are not suitable for fly ash applications due to the tenperature
imtations of the fabric. Nomex is rated for 400 degrees F but deteriorates
the presence of sulfur dioxide. Current filter technol ogy should be

I
[
i nvestigated with each project to make the best possible selection

n
n
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6.2.9 Flue Gas Tenperature Control. Autonatic flue gas tenperature
control with the sensing el enents | ocated at the baghouse inlet should be
provided to prevent flue gas tenperatures from dropping bel ow the dew point.
To elevate the flue gas tenperature entering the baghouse to an acceptabl e

| evel, two methods are discussed in para. 6.2.9.1 and para. 6.2.9.2.

6.2.9.1 Fl ue Gas Bypass Duct. A flue gas bypass duct can be provided
around the econom zer which is automatically controlled. The bypass duct
around t he econoni zer shoul d be sized for approxinmately one-third of the
maxi mum flue gas flow with the flue gas pressure drop equal to that of the
econoni zer. This method is capable of handling fairly | ow boiler turndown
condi tions.

6.2.9.2 WAt er Bypass System An automatic water bypass system can be used
to bypass water around the econonizer to prevent the flue gas leaving the
econoni zer from dropping below its predetermined linmt. This method has
potential problens at |ow loads. There is a possibility of steam ng

condi tions developing at |ow water flows through the econom zer which can
cause water hammer damages, thus forcing the boiler out of operation. To
protect against a control systemfailure, an alarm should be provided to

i ndicate flue gas tenperature drop bel ow a preset value. This will allow tine
for the operator to switch to nanual operation prior to the flue gas
tenperature dropping bel ow the acid dew point.

6.2.9.3 Fabric Filter (Baghouse) Bypass. To prevent damage to fabric
filter bags from excessively high flue gas tenperatures or |ow tenperature
nmoi st flue gas at start-up or shut down of boilers, an automatic flue gas
bypass system should be installed. Local environnental regulations may
require a waiver to permt this necessary feature. Danpers are to be rated
for mninmm of 550 degrees F (287.5 degrees C) and shall be of the positive
seal type. Danpers are actuated by a signal fromthe tenperature probe
sensing high or |low tenperature of air entering the baghouse. Danpers can
al so be actuated by an oxygen probe sensing | ow oxygen in flue gas entering
t he baghouse as additional protection to prevent comnbustible gases from
passi ng through the baghouse. Baghouse shoul d be bypassed under oil firing
condi tions.

Bypass duct around the baghouse shall be sized such that the flue
gas pressure drop through the bypass approxi mately equals the pressure drop
t hrough baghouse under normal operating conditions.

Bypass danpers shall be of the zero | eakage nultil ouver isolation
type (i.e. two sets of danpers with sealed air space within) or zero | eakage

poppet type.
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6.3 El ectrostatic Precipitators
6.3.1 Appl i cati ons
6.3.1.1 Coal -fired Boilers. Flyash collection fromcoal-fired boilers has

been the nost common use of electrostatic precipitators. However, these units
are not as well suited to upstreamacid gas (HC, SO, NO, and toxics)
treatment systenms as are baghouses. For this reason, baghouse/scrubber

conbi nati ons are beconing the preferred method in order to conply with
increasingly stringent air em ssions requirenents.

6.3.1.2 Solid Waste Boilers. Electrostatic precipitators are suitable
particul ate control devices for solid waste incinerators if acid gas contro
is not required. Precipitators are better at w thstanding the tenperature
excursions typical of solid waste combustion, as well as carryover of burning
enbers.

6.3.2 Advant ages. The mmj or advantages of the electrostatic precipitator
are normally smaller physical size than fabric filters, a wi de range of
tenperature applications and ability to tolerate tenperature excursions
outsi de the normal operating range, |ow pressure drop with resulting | ow
energy consunption, and dry continuous disposal of collected dust. A properly
desi gned and operated precipitator can performin a reasonably high collection
efficiency range (refer to Figure 20).

6.3.3 Linmitations. Electrostatic precipitators are normally nore process
sensitive than fabric filters and require tighter control of boiler and
col l ector operating conditions and fuel selection. Low sulfur coal, selected
for reduced sul fur dioxide enissions, normally produces a high resistivity
ash. The electrical charge retention ability of high resistivity ash makes it
difficult to renove fromthe collecting plates, thereby causing excessive ash
bui |l dup and electrical arcing. This results in erratic currents and reduced
power to the fields which in turn reduces the collecting ability of the unit.
Fi gure 19 shows the relationship of sulfur content to ash resistivity.
Unburned carbon in the flyash will reduce resistivity but is an operationa
problem Initial cost is usually higher for an electrostatic precipitator
versus a fabric filter of the same design performance.

6.3.4 Weighted Wre Type. The termweighted wire type comes fromthe
design of the discharge electrodes. The discharge electrodes, which in this
case are wires, are given the appropriate tension by nmeans of a mass which is
suspended at the bottom of each wire.
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6.3.5 Rigid Frame Type. |In this type of electrostatic precipitator the
di scharge el ectrodes are not tensioned by weights, but are rigidly supported
by attachnment to a discharge electrode frame. |In sone cases, the use of wires

is conpletely elimnated by substituting sharply pointed structural menbers in
t he di scharge el ectrode frane. This design has been in common use outside the
United States and is sonetinmes referred to as the European design. It is now
conming into use in the United States as an alternative to the weighted wire
desi gn.

6.3.6 Fl ow Considerations. The inlet and outlet duct of the precipitator
shoul d provide for uniformflowwith the flow evenly distributed across the
precipitator. The use of turning vanes and/or distribution plates is often
necessary to reduce turbul ence. To reduce the risk of uneven flow in the
design, nodel studies are sometimes advisable. The additional cost of the
nodel study may be advisable in some cases which invol ve uni que designs or
unusual | y abrupt changes in flow direction near the precipitator and under
such conditions, the designer considers the risk of the uncertainty to be
unaccept abl e.

6.3.7 El ectrical Sectionalization. The nunber of chanbers, fields, power
supplies per field, and bus sections per field must be deterni ned based on
reliability, efficiency, and process requirenents. Sectionalization, which is
the nunber of power supplies per installation, produces inmproved performance,
reliability and maintenance flexibility by using several smaller power
supplies in lieu of fewer l|arge power supplies.

6.3.8 Hoppers. For ash handling facilities, consider the number and
types of hoppers, hopper material, hopper slope or wall angle, and ash
conveyi ng system Adequate access to all conpartments, chanbers, hoppers,
ducts, and between the fields should be provided for maintenance. These
access openings must be provided with a positive nmeans of preventing entry
while the high voltage el ectrodes, which are inside, are energized.

6.3.9 Rapper Systens. It is necessary to rap or vibrate the discharge
and col l ection electrodes to renove collected ash. It is inportant that this
system be capabl e of creating sufficient acceleration forces at the el ectrode
surface where the ash collects to dislodge the accumul ated material. The
transm ssion of these forces fromthe rapper or vibrator to the electrodes is
just as inmportant as the rapper or vibrator itself. To assure adequate
cleaning action and to mnimze re-entrai nment of ash into the gas stream the
el ectrode area served by each rapper or vibrator should be mnimzed. Rapping
and vi brating controls should be adjustable for duration, frequency, and
intensity and shoul d prevent operation of nore than one rapper or vibrator at
a time.

6.3.10 Process Variables. The electrostatic precipitator nust be matched
to the process using the common design paranmeters of gas flow, tenperature,
and pressure, as well as the fuel (coal) analysis and resulting ash chem stry,
dust concentration, particle size distribution, nmoisture content and fl ow

di stribution. Consideration should be given to the future variability of the
fuel supply. Figure 20 denonstrates how the performance of a precipitator
designed for 99 percent collection efficiency is reduced when coal with a | ow
sul fur content is substituted for the specified fuel
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6.3.11 Design Parameters. In the design of electrostatic precipitators
several paraneters come into use in evaluating and conparing different designs
and configurations. The nbost comon paraneters include:

a) Collection Efficiency -- The weight of the particul ate
coll ected per unit time divided by the weight of the particulate entering the
preci pitator during the sane unit tinme expressed as a percentage.

b) Specific Collection Area (SCA) -- The ratio of the tota
col lecting surface area in square feet to the gas flow rate expressed in
t housands of actual cubic feet per mnute. Generally, the larger the SCA the
better the collection efficiency. The typical range is 350 to 450 square feet
(32.5 to 41.8 square meters) per acfm (0.0283 cubic neters).

c) Electrode Area per Rapper -- The collection area, expressed as
square foot or square neter, rapped by each rapper. GCenerally, the smaller
the el ectrode area per rapper, the better the collection efficiency.

d) Corona Power Density -- The ratio of the total power input in
watts to the total gas flow rate in thousands of actual cubic feet per mnute.
General ly, the higher the corona power density the better the collection
efficiency. Typical power densities are 1 to 2 watts per square foot.

e) Aspect Ratio -- The ratio of total length to the height of
col l ector surface. Generally, the higher the aspect ratio, the better the
col l ection efficiency. Typical aspect ratios are 1.0 to 1.5.

f) Treatnment Time or Residence Tinme -- This paranmeter reflects
the theoretical tine a particle is exposed to the electric field within the
precipitator. It is the ratio of effective Iength of the collector surface in

the direction of gas flow expressed in ft to the velocity of the gas flow in
ft/sec. Cenerally, the longer the treatment time the better the collection
efficiency. Typical gas velocities are 4 to 6 ft/sec (1.22 to 1.83 nfsec)
with treatment tines of 8 to 12 seconds.

6.4 Scr ubber s
6.4.1 Application. Scrubbers are used to renpve acid gases such as SO

and HGO fromflue gas streans. Scrubbers have an added benefit of renoving
some NOy, but they are not applied specifically for NO; control. Dry flue gas
desul furization (FGD) is applicable for controlling SO when the required
renoval rate does not exceed 85 percent efficiency. Wt scrubbers are used
when the Sy inlet loading is high, or when the required collection efficiency
exceeds 85 percent.
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6.4.2 Dry Scrubbers. Dry scrubbers using spray dryer absorbers for
renoval of sulfur dioxide are illustrated in Figure 21. A finely atonized

al kaline slurry is sprayed into the reaction chanber. Sulfur dioxide is
absorbed as the atom zed slurry vaporizes in the hot flue gas stream The dry
reaction products becone entrained in the flue gas streamand either fall into
t he scrubber hopper or are passed on to the baghouse. Additional SO, renoval
occurs on the surface of the bags fromthe carryover of residual al k4l i ne.

The advant ages of dry scrubbing are a reduction of water usage, flue gas
reheat requirenments, and overall corrosion. Sulfur conpounds collected from
the flue gas are discharged fromthe scrubber in a dry state, and these
conmpounds are nore stable than the products of wet scrubbers. Therefore, the
probl em of |eaching at the landfill site (if used) will be less when using dry
flue gas desul furization.

6.4.3 Wet Scrubbers. Wet scrubbers used for flue gas desul furization
(FGD) utilize a slurry or solution of materials such as |inestone, linme,

sodi um hydroxi de, or sodium carbonate to react with the sulfur oxides in the
flue gas. Wet scrubbers are designed to provide intimte contact between the
gases and the scrubbing liquid. Particulate renoval of a wet scrubber is
usual ly linmted. Wt scrubbers may be spray towers, packed towers or plate
towers. Reagent cost is high for the sodiumsystens so that the systens are
sel dom used. Cal ci um based scrubbers are generally used because they use

| ower cost reagents; the reaction between the sulfur oxides and |inme produces
calciumsulfite or calciumsulfate (gypsum) which are of linmted solubility,
and pluggi ng of equi pnment can becone a problem Calciumsulfite salts from

t hese scrubbers forma sludge which may be difficult to stabilize. Sludge
stabilization ponds may be required for sone processes, and | and area

requi rements nay be excessive.

6.4.3.1 Dual Al kali Scrubber. The dual alkali scrubber is a type of wet
scrubber which offers solutions to sone of the problens mentioned above.
Sodi um salts are recircul ated through the scrubber taking advantage of high
solubility and fast reaction rate. The spent sodi um based scrubbing liquor is
then punped to chemical reaction tanks where it is reacted with linme to
precipitate insoluble calciumsulfate salts, returning soluble sodiumsalts to
the scrubbing process. The process has a higher capital cost than cal cium
scrubbi ng, but generally a | ower operating cost. Operating conplexity and
power consunption are increased, however the calciumsulfate salts can be de-
watered nore easily. A vacuumfilter is often used to de-water the sludge
prior to disposal. In the double alkali FGD systemillustrated in Figure 22,
absorption of sulfur dioxide and waste generation are separated. This is
advant ageous because there are mnimal suspended solids in the absorbent to
contribute to scaling of the scrubber internals and the high concentration of
al kal i enhances |iquid phase mass transfer. This system therefore, achieves
hi gh sul fur dioxide renoval efficiency at low |iquid-to-gas ratios.
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6.4.3.2 Lime or Linmestone Scrubbing System Lime or |imestone scrubbing
systens illustrated in Figure 23 are the ol dest and nost conmon nethods of FGD
for power plants. The reactants are | ess expensive but also | ess efficient
than those used in the double alkali system because of their solubility.

Preci pitated solids and unreacted material are bled fromthe circuit and
settled. There is a substantial amount of sludge produced by this system

6.4.4 Plume from Stack. Flue gases |leaving a wet scrubber are usually
di scharged as a saturated gas. As soon as the gas |eaves the scrubber, it
continues to | ose heat to the environment, causing condensation. This
condensation may take the formof a steam plume exiting the stack, or may
cause serious condensation within the stack or downstream ducting, which may
lead to corrosion problens. Plune formation can be linited by providing
reheat to the gases; however, the cost of reheat and the cost of corrosion-
resi stant construction downstream of the scrubber nust be considered in

eval uati ng any scrubber system

6.4.5 Waste Disposal. Waste disposal is a major consideration for any
scrubber system FGD waste disposal alternatives are illustrated in Figure
24. Landfill can be used for dewatered stabilized sludge, but ponds are used

for wet unstable sludge. The possibility of leaching into ground water should
be investigated before a decision on the site and nethod of sludge disposal is
made. The lengths of tine that the disposal site can be used nmust be
considered as a part of this problem
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Section 7: WATER TREATMENT

7.1 Desi gn Consi derati ons

7.1.1 Pur pose of Treatnent. Boiler feedwater nust be treated to renpve
or nodi fy harnful constituents to avoid damage to the boilers distribution
system and st eam oper ated equi prent and to inprove heat transfer in the
boiler. The causes and effects of inadequate water conditioning are shown in
Table 16. Deposits must not formon transfer surfaces. Such deposits
restrict the design water circulation in the tubes and retard heat transfer
thus raising the nmetal tenperature. This reduction of heat transfer reduces
efficiency and may result in tube rupture. Depending on the type of scale, a
t hi ckness of 1/8 inch (0.3175 n) may cause a |loss of 2 or 3 percent in
efficiency in the area affected.

7.1.2 Choice of Treatnent. The choice of treatment and treatnent
facilities depends on the type of boiler, characteristics of water supply,
chem cal constituents of the water, and econony of treatment. A full know edge
of all these factors is essential to designing water conditioning facilities.
Thi s know edge can be gained only by surveys of feedwater conditions affecting
scal e and corrosion in boilers and auxiliary heat exchange equi pment. Seek
advice of qualified water treatnent consultants.

7.1.3 Cheni cal s and Conversion Factors Used in Water Treatnent. See
Kenmmer, F.N., The Nalco Water Handbook (1979). Also, refer to Betz Handbook
of Industrial Water Conditioning, 1980.

7.2 Ceneral Requirenents

7.2.1 Maxi mum Boiler Water Limits. For boiler water limts, refer to
Tabl e 17. For requirenents to provi de shore steam and feedwater to non-

nucl ear ships, see NAVSEASYSCOM requirements outlined in NAVSEA technica
manual (NSTM, Chapter 220, Boiler/Feedwater Testing & Treatnent. The linits
of Table 17 can be obtained by the follow ng neans:

a) Intermittent or continuous bl owdown
b) Raw makeup water treatnent
c) Feedwater treatnent

d) Internal treatment
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Tabl e 16
Ef fects of |nadequate or |nproper Water Conditi oning

+))))))))))0))))))))))))))))))0))))))))))))))))))))))))0)))))))))))))))))))))

Cause
* FEffect = (HO Inpurity) = Remar ks * Tr eat nment
/))))))))))3))))))))))))))))))3))))))))))))))))))))))))3)))))))))))))))))))))
* Scal e * Har dness * Scal e reduces wat er * Phosphate, zeolite

fl ow and heat transfer = softeners, and
efficiency, causes tube* chelants

nmetal overheating and =

t hus tube burnout.

(Cal ci um and
magnesi um
sul fates and
car bonat es)

Silica
(silicon dioxide)

Forms a hard, gl assy
coating which |ikew se
reduces heat transfer

Hi gh al kalinity,
starches, and
synthetic polyners.
Hot |ime-zeolite.

ok X X X X %

Corrosi on* Oxygen Causes pitting of netal > Deaeration, sodium

>(->(->(->(->(->(->(->(->(->(->(->(->(->(-*********************H**

* * *

* * *

* * *

* * *

* * *

* * *

* * *

* * *

* * *

* * *

* * *

* * * in boilers and in stean sulfite, hydrazine
* * * *>

* * Carbon dioxide = Mijor cause of * Deal kal i zati on

* * * deterioration of * (ani on exchanger
* * * condensate return * renoves bicarbo-
* * * lines. Major source * nates), pH control
* * * i s breakdown of = filmng and

* * * bi car bonat es. * neutralizing am nes
* * * *

* Carryover> High boiler water= Causes foam ng and * Bl owdown, antifoans,
* * concentrations > primng of boiler with = divert condensate
* * and oi | > carryover in steamof =

* * contam nation in * constituents which *

* * feedwat er = deposit on turbine *

* * * bl ades, val ve seats *

* * * and can cause *

* * * cont am nati on. *

* * *> *

* Caustic = High caustic * Causes intercrystalline* Lignins, sodium

* enbrit- > concentration, * cracking of boiler * nitrate

* tlement > enbrittling water> netal. *

* cracking * * *

-23331333333253333333333331333132331313331313333131331313331313133233313133331313I131IIX))))-
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Tabl e 17
Suggested Water Quality Limts for Boiler Water and Feedwater up to 300 PSIG

+)))))))))))))))))))))))0))))))))))))))0))))))))))))))))0)))))))))))))))))
* Wt ertube * Wat er t ube * Fi r et ube

* * Hi gh Steam = Nor mal St eam = Nor mal Steam =

* Constituents * Purity(l) * Purity(1) * Purity(1) *

/)%))3))?))?%?))))))))))3))))))))))))))3))))))))))))))))3)))))))))))))))))l
eedwat er

Di ssol ved oxygen
(ng/L 0p) neasured
bef ore chenica
oxygen scavenger
addi tion(3)

0.04 0.04 0. 04

Di ssol ved oxygen
(ng/L 0p) neasured
after chenica
oxygen scavenger

addi tion (4) 0. 007 0. 007 0. 007

Total iron (nmg/L Fe) 0.10 0.10 0.10

Total copper (ng/L Cu) 0. 05 0. 05 0. 05

Tot al hardness
(ng/L as CaCOg)

pH range @ 25- C

0.3 0.5 1.0

7.5-10.0 7.0-10.5 7.0-10.5

Nonvol atil e Tot al
Organi ¢ Conpound ( TOC)
(mg/L C)(5)

Oly matter (nmg/lL)

10

Boi | er wat er

Silica (ng/L Si0g) 90 90 90

Total alkalinity
(ng/ L as CaCOg)

Total dissol ved solids*
ng/ L as CaCQOg) * 3200(7) * 7500(7) * 6500( 7)
533353333 53333333533030303333 0303330333033 033030030 S

350( 6) 1000( 7) 700(7)

ok kX X Xk ok b b b R R R R R ok F X X X X X X X % o o F F F % ¥

LIE S T T N T N I B N RN TN N N I I 2 T I N TN RN SN NN NN NN NN N N B N
LINE T TN N S T N I R N TN N S N I I I R S TN TN SN S NN N N N N B
LINE T TN S S T I I I N TN N N N TN TN I N BN BEE NN T N S NN R S R N N BN N
LINE TN TN SN S N IR N I I I TN TN TN S N A N I BN N T N TN T N N N B B N TN N N R W)

114



M L- HDBK- 1003/ 6

(1) Values of steampurity are not given as achi evenent depends on nany
vari abl es, including boiler water total alkalinity and specific
conduct ance as well as design of boiler, steamdruminternals, and
operating conditions.

(2) Watertube boilers with relatively large furnaces and firetube boilers
of conservative design with internal chelant, polynmer and/or antifoam
treatment can often tolerate higher levels of feedwater inpurities
than those in table and still achi eve adequate deposition control and
steam purity. Renoval of these inpurities by external pretreatment is
always a nore positive solution. Alternatives nust be evaluated as to
practicality and econonics used in each individual case.

(3) Values in table assunme exi stence of a deaerator

(4) Chemical deaeration must be provided in all cases, but especially if
mechani cal deaeration is nonexistent or inefficient.

(5) Nonvolatile TOC is that organic carbon not intentionally added as part
of the water treatment regime.

(6) Maximumtotal alkalinity consistent with acceptable steam purity for
super heaters, turbine drives, and pier side ships. Use of
demineralized water is required.

(7) Alkalinity and total dissolved solid values consistent with steam
purity target. Practical limts above or below tabul ated val ue can be
established for each case by careful steam purity nmeasurenents.

Rel ati onshi p between conductance and steam purity is affected by too
many variables to allowits reduction to a sinple |list of tabul ated
val ues.

Source: Betz Handbook of Industrial Water Conditioning, 1980.

7.2.2 Boil er Water Makeup. |on exchange equi pnent shall be sized to
assure adequate feedwater to the boilers at maxi mum steam|oad with no
condensate return, when one unit is being regenerated. If low flows are
expect ed which coul d cause channeling through the unit, multiple units of
reduced capacity shall be used. The total capacity of the ion exchange

equi pment with one unit being backwashed is from 125 percent of the maxi mum
steam plant load to 120 percent of the total boiler capacity; this includes 20
percent allowance for bl owdown and ot her plant treated water usage.

7.2.3 Sel ection of Treatnent Process

7.2.3.1 Met hods Avail able. The choice of treatment depends on many
factors. Selection may be nade fromthe followi ng processes with the choice
usual Iy being a conbination of these methods:
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a) Continuous or intermttent bl owdown,
b) Internal treatnent,
c) lon exchanger (sodium cation, chloride anion, hydrogen cation),
d) Linme-soda softening, cold or hot,
e) Denmineralization (cation and ani on exchangers).
7.2.3.2 Sel ection CGuide. Table 18 is a general guide to raw water
treatment of boiler makeup and the conditions under which each nethod or

conmbi nati on shoul d be used. For nore specific recomendations, retain a
speci al i zed consul tant.

7.2.3.3 Effect of Treatnment. For the effectiveness of different treatnent
processes, refer to Table 19.

7.2.3.4 For Pier Side Ships. For boilers providing steamto pier side
ships, it will generally be necessary to utilize demi neralizers to treat
boil er feedwater to neet NAVSEASYSCOM requirements outlined in NAVSEA
techni cal manual NSTM Chapter 220.

7.3 Bl owdown

7.3.1 General . Essentially pure water vapor is generated in a boiler and
the inmpurities (dissolved solids) of the boiler feedwater remain and becone
concentrated. The concentration of dissolved solids can be controlled by

di schargi ng boiler water with a high dissol ved solids concentration as

bl owdown and repl aci ng the discharged anpbunt of boiler water with feedwater of
| ow m neral concentrations. The bl owdown nust be adjusted so that the

di ssol ved solids entering the boiler will equal those |eaving and the maxi mum
concentration of dissolved solids is linited to or maintained at a
predet er m ned val ue.

7.3.2 Types. Every boiler systemhas two types of blowdowns. The upper
bl owdown is either intermttent or continuous operation. It is used to

control concentrations of dissolved solids. This blowdown is generally
connected to the steam drum of a water tube boiler in a |location which wll

m ni m ze the inclusion of feedwater, chenical feed and steam entrai nnent. The
ot her bl owdown is fromthe mud drumor the water walls. It is an internmittent
or mass bl owdown which renoves accunul ated solids and sl udge from stagnated
areas of the boiler. This blowdown is usually performed at reduced steam

| oads. Blowdown in firetube boilers is |ocated near the point of highest
concentration of dissolved solids in the water, i.e., near the bottom of the
boi | er.
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Tabl e 18
General Guide for Raw Water Treatnent of Boiler Water Mkeup
+))))))))))))))0))))))))))))))0)))))))))))))))))))))))))0))))))))))))))))))))
> > w Water Concentration *
/)))))))))))0)))))))))))))l
St eam * Silica * Akalinity =
pressure *grains per * grains per *
*cubic foot = cubic foot *
gpm (L/s) > psig (kPa) = (ng/L) *(ng/ L) CaCO3 = \Water Treatnent
/))))))))))))))3))))))))))))))3)))))))))))3)))))))))))))3))))))))))))))))))))
= 10 to 100 * 16 to * < 6.6 (15)* < 32.8 (75) *Sodi umion exchange.
*(0.63 to 6. 31)* (110 to 1379) * > 32.8 (75) *Sodi um + hydrogen
* exchange.
> 32.8 (75) *Sodiumion exchange
* + chloride anion
* exchange.
(50) *Sodi um i on exchange.
(50) *Sodi um + hydr ogen
* exchange.
(75) *Sodi umion exchange
* exchange.
(75) *Sodi um + hydr ogen
* jon exchange, or
* hot |ime soda, or
* hot lime ion
* exchange, or cold
* |inme ion exchange.
32.8 (75) *Hot lime ion
*exchange, or hot
* |ime soda, or cold
* |inme ion exchange.
(50) =Sodi um i on exchange.
(50) *Hot lime ion
exchange, or cold
lime ion exchange,
or hot Iime soda,
or sodiumion
exchange +
chl ori de anion
exchange.
> 21.9 (50) *Hot linme ion
* exchange, or cold
* |inme ion exchange
* * * * or, hot |ime soda.
))))))))))))))2))))))))))))))2)))))))))))2)))))))))))))2))))))))))))))))))))—
Notes: Guide is based on boiler water concentration listed in Table 16.
Add filters when turbidity exceeds 10 ng/L.
See Table 19 for effectiveness of treatnents.
mg/ L = ppm < over < under

Makeup
requirenments

L I I I R
L I I )

*
*

*

= 200 to 450
~(1379 to 3103)

*

Over 100 * 16 to 200

*

(6.31) = (110 to 1379)

< 6.6 (15)* < 21.

> 21.

< 6.6 (15)* < 32.

0 0 ©vo

> 32.

Foob o X X X X X % % F F F % ¥

*> 6.6 (15)

ok X X X X X %

£

* *

* 200 to 450 *< 6.6 (15)
*(1379 to 3103)

© o

ok X X X X %

> 6.6 (15)
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Tabl e 19
Ef f ecti veness of Water Treat nent

+)))))))))))))))0))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

* Average Anal ysis of Effluent

* /))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))l
* * Har dness Al kalinity 60)) Di ssol ved

* *(as CaCOg) (as CaCO3) Grains per Sol i ds Silica *
* * Grins per Grains per Square Foot Grains per G ains per *
* *Squar e Foot Square Foot (mg/ L) Squar e Foot Square Foot*
*  Treatnent * (ng/L) (mg/ L) in steam (mg/ L) (mg/ L) *
/)))))))))))))))3))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))l
* Cold line * 0 to 0.87 (2) 328 (75) Med - high Reduced 3.5 (8) =
* |on exchange = *
* Hot lime soda >~ 7.43 (17) to 15.3 (35) - Med - high Reduced 1.3 (3) =
* * 10.9 (25) 21.9 (50) *
* Hot lime ion =0 to 0.87 (2) 8.7 (20) - Low Reduced *
* exchange * 10.9 (25) *
* Sodi um i on * 0 to 0.87 (2) Unchanged Low - high Unchanged Unchanged=*
* exchange * *
* Sodi um + *0to 0.87 (2) 4.4 (10) - Low Reduced Unchanged>*
* hydrogen ion * 13.1 (30) *
* exchange * *
* Sodi um zeolite* 0 to 0.87 (2) 6.6 (15) - Low Unchanged Unchanged>*
* + chloride * 15. 3 (35) *
* anion * *
* exchange * *

-222233333333333233333333333311111131131313131311131313131313131313I313131313I3I3I3I3I3I3I3I3IIXIXIXIXIXIXIXI))))-
Note: ng/L = ppm

7.3.3 Concentration of Dissolved Solids. Concentration of dissolved
solids in boiler water are given in Table 17. The percent of boiler bl owdown
is governed by the allowabl e concentration ratio (CR) or the nunmber of tines a
di ssol ved solid may be concentrated over the anount of dissolved solids in the
feedwater. The all owable concentration ratios are deternined by a chenica
anal ysis of the boiler feedwater and by the type of makeup water treatnent.
Refer to Kemmer, 1979 for further information.

A boiler operated on exceptionally high quality feedwater or
subj ect to m ni mal nake-up may be able to operate successfully with very
little bl owdown. The required bl owndown may be acconplished with a short
bottom bl ow. Border |ine cases may reduce bl owdown to acceptable internittent
operation by proper external treatnment of make-up water. An econom ¢ anal ysis
can determine if the added cost of heat recovery equipnent is justified.

7.3.4 Intermttent Bl owdown of Steam Drum The boiler water is
peri odi cal | y di scharged through an open bl owoff valve for short times when the
di ssol ved solids concentrations reach a maxi mum (or often before); this
operation often results in high-low cycles of dissolved solids concentrations
and excessive heat loss. This is nmore costly than continuous bl owdown.
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7.3.5 Cont i nuous Bl owdown. The boiler water is continuously di scharged
in an amount which maintains a constant boiler water concentration ratio of
solids. For a typical diagram see Figure 25. Continuous Bl owoff Piping

Di agr am

7.3.6 Boi | er Bl omdown Pi ping and Valve Standards. See the ASME Boil er
and Pressure Vessel Code, Section 1 Para. PG 59.3.3 and para. A-56 to A-60,
and ANSI/ASME B31.1, for mnimmrequirenments.

7.3.7 Cal cul ati ons. Cal cul ate percent bl owdown as fol |l ows.
EQUATI ON: Percent Bl owdown = 100 /CR (10)
wher e: CR = concentration ratio

Cal cul ate conti nuous bl owdown rate as foll ows:

EQUATI ON: Z=Bx C(A- B (11)
wher e:
Z = Blowdown rate in pounds per hour (pph).
A = Predeternined boiler water concentration as total
solids in parts/million (ppm) or ng/L.
B = Total solids in feedwater as fed to boiler in
parts per nmillion (ppm or ng/L.
C = Steam out put in pounds per hour (pph).

For an exanple of design calculations for continuous bl owdown equi prent,
assune the foll ow ng val ues:

Total solids in makeup 170 ppm (170 ng/L)
Total solids in condensate return 25 ppm (25 ng/L)
Total solids in boiler water (A) 2,500 ppm (2 500 ng/L)
Steam ng rate (C 15, 000 pph

Losses in system 6, 000 pph

Bl owdown (by trial and error) 530 pph

Makeup = bl owdown

pl us | osses = 6, 530 pph

Condensate = steamrate

m nus | osses = 9, 000 pph

B = (6.530 pph x 170 ppm) + (9,000 pph x 25 ppm
(6,530 + 9,000) pph

= 86 ppm = 86 ng/L
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Substituting in Equation 11:

7 = 86 x 15,000 pph = 534 pph
2,500 - 86

7.4 I nternal Treatnment

7.4.1 Function. All steam generating systems, where steamis evaporated
| eavi ng cunul ative solids fromthe feedwater in the boiler, should be treated
with chemicals internally while the systemis in operation. Interna
treatment is also used to elimnate oxygen not renoved by the deaerator

Table 17 gives the limting boiler water concentrations.

7.4.1.1 Bl owdown. Intermttent and conti nuous bl owdown ensure that these
limts are not exceeded. Raw water treatnment limts the amunts of dissol ved
solids entering the steam generator

7.4.1.2 Chem cal s Used. The actual internal chemical treatnent, aside from
the nmethod of feeding and controlling the treatnment, is part of the plant
operation. A list of chenmicals for internal treatment is given in Table 20 to
assist in selection of the feeding nethod.

7.4.2 Chem cal Feedi ng Equi pnent

7.4.2.1 M xing or Dissolving Tank. For small installations, the nixing
tank may consist of a steel barrel with proper piping connections, or it may
be combi ned, as shown in (a) of Figure 26. A nore elaborate dissolving tank
for larger plants is shown in (b) of Figure 26.
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Chenical s for

Cheni cal s

Sodi um hydr oxi de
NaOH (caustic soda)

Sodi um car bonat e
Nao
(soda ash)

Sodi um phosphat es
NaHy POy,

NaoHPOy,

NazPOy

NaPO3

Chel ant s:

EDTA ( Et hyl ene

di am ne

tetraacetic acid)

NTA (nitrilotriacetic
aci d)

Sodium sul fite
NaoSO3

Hydr azi ne hydrate
NoHyg. HoO
(35 percent solution).
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Tabl e 20
I nt er na

Pur pose

I ncrease alkalinity,
rai se pH, precipitate
calciumsul fate as

t he carbonate.

I ncrease alkalinity,
rai se pH, precipitate
magnesi um

Preci pitate cal ci um
as hydroxyapatite
(Ca10(0H) 2(POg) 6) -

Rermoval of cal ci um
and magnesi um

Precipitate cal cium
and magnesi um prevent
oxygen corr osi on.

Prevent oxygen
corrosion.

Boi | er Water Treatnent
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*

Coment

Strong al kal

requires
speci al handl i ng.
Lower cost, nore

easily handl ed than
caustic soda. But
some carbonat e
breaks down to

rel ease COy

with steam

Al kalinity and
resulting pH nust be
kept hi gh enough for
this reaction to take
pl ace (pH usually
above 10.5).

Forms sol ubl e conpl ex
ions with cal cium and
magnesi um t hus

m ni m zi ng bl owdown.

Hi gh- NTA tenperature
corrosion potenti al

Forms a fl occul ent
sludge. Used to
neutralize residua
oxygen by fornmng a
sodi um sul fate.
Renove residual oxygen
to formnitrogen and
water. One part of
oxygen reacts with
three parts of
hydrazi ne (35 percent
sol ution).

1
*
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Tabl e 20 (Conti nued)

Chenmicals for Internal Boil er Water Treatnent

*333233333333331333333333033313131331313131313133313313111)))

* Cheni cal s *

Pur pose
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Coment
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Fil m ng ami nes;
Cct adecyl am ne
etc.

Neutral i zi ng ami nes;
Mor phol i ne,

cycl ohexyl am ne,
benzyl am ne,

di echyl am noet hano
(DEAE), am no-nethy-
i sopropanol (AMP).

Sodium nitrate, NaNOg

Tanni ns, starches,

gl ucose, lignin
derivatives and
pol ymeric

di spersants.

ok kX X b b b b R R R R R R X X X X X X b b o F ok ok ok ok % % X X
ok kX XX ok b b R o o b R R X X X X X X % b b b b ok ok ok k% X X

*

Control return-line
corrosion by formng
a protective filmon
the netal surfaces.

Control return-1line
corrosion by

neutralizing CO

I nhi bit caustic
enbrittl ement.

Prevent feed |line
deposits, coat scale
crystals to produce
fluid sludge that
won't adhere as
readily to boiler
heating surfaces.

ok kX X X % ok b b R o o R R R X X X X X Xk kb b b ok ok ok k% X X

*

Protects agai nst both
oxygen and carbon

di oxi de attack. Small
amounts of conti nuous
feed will mmintain
the film Do not

use where steam

cont acts foods.

About 2 ppm of am ne

i s needed for each ppm
of carbon dioxide in
steam but act ual

rati o depends on ani ne
sel ected due to its
distribution ratio.
Keep pH in range of
7.5 to 8.5 or higher.
These chemicals wll
not be used if steam
comes i nto contact
with food or surgica

i nstruments. Morpholine
at concentrations

hi gher than 40 %

is flammmbl e and
shoul d not be used.

Used where the
wat er may have
embrittling
characteristics.

These organics, often
called protective

col loids, are used to
di stort scale crystal
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Tabl e 20 (Conti nued)
Chenmicals for Internal Boil er Water Treatnent

+)))))))))))))))))))))))0)))))))))))))))))))))))))0))))))))))))))))))))))))))

*  Chemicals *  Purpose * Commrent

/)))))))))))))))))))))))3)))))))))))))))))))))))))3))))))))))))))))))))))))))l
* Seaweed derivatives; > Provide a nore fluid * Organics often classed =
* (Sodi um al gi nat e, * sludge and nminimze * as reactive colloids *
* Sodi um mannur onat e) * carryover. * since they react with *
* * * cal cium and nagnesium >
> > * and absorb scal e >
* * * crystals. *
* Anti f oamns; * Reduce foam ng * Usually added with >
* (Pol yani des, etc). * tendency of highly * other chemicals for >
* * concentrated boiler * scale control and sl udge*
* * wat er. * dispersion. Boilers >
* * * |25 psig and above, >
> > * all power plant >
* * * boilers. >

-233333333333333333333332333333331333331333133331313323333131331311331313I131IIX))))-

Not es:

(1) Hydrazine and Mrpholine are highly toxic. Care nust be exercised and
m xi ng and feeding eqU|annt must be provided to prevent skin contact
or inhal ation of chenica

(2) Provide adequate ventilation, washing facilities, eye wash, protective
clothing and nmask storage in the storage and handling area.

7.4.2.2 Feedi ng Schenes. Use one of the follow ng chenical feeding
met hods.

a) Schenme 1 (see Figure 27). This nmethod may be used where there
is no feedwater heater and where space pernits a setting for the chemica
m xi ng tank, high enough to overcone the suction pressure of the boiler
f eedwat er punp. An agitator may be needed to properly nmix powders. The only
equi pment needed is a chenical nmixing tank and val ved pi pi ng, or tubing from
the tank to the suction side of the boiler feedwater punp. Al chem cals,
i ncl udi ng pol yphosphat es but not orthophosphates, may be fed in this manner.

Sodium sulfite injected in this way protects both the feedwater
suction piping and the boiler feedwater punp from oxygen corrosion
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Figure 26
Arrangements for Chemical Mixing
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Figure 27
Chemical Feed Arrangements (Schemes 1-4)
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b) Scheme 2 (see Figure 27). This method nay be used where there
is no feedwater heater between the conmbi ned condensate raw water nakeup tank
and the boiler feedwater punp. The only feeding equi pnent needed is a
chemical mxing tank with a val ved connection to the top of the conbi ned
condensate raw water makeup tank. Al chenicals may be fed by this schene,
except phosphates. |f phosphates are introduced into the conmbi ned condensate
raw wat er makeup tank, deposits of cal cium phosphate will foul both the tank
and the feedwater piping.

c) Scheme 3 (see Figure 27). This method may be used if there is
a deaerating feedwater heater. The chemicals are injected into the suction
side of the boiler feedwater punp. To overcone suction pressure a |ow
pressure chem cal feed punp is used. All chenmicals may be fed in this nmanner
except orthophosphates.

d) Schenme 4 (see Figure 27). This nethod al so nay be used if
there is a deaerating feedwater heater. The feeding device is installed as a
by- pass around the boiler feedwater punp. It is a sinple and convenient
met hod of feeding all chenicals, except orthophosphates. A chemcal nixing
tank, conbined with the pressure-pot feeder and val ved piping, is used instead
of the chemical feed punp of Scheme 3. Pol yphosphates should be fed
conti nuously unless an "on-off" boiler operation is used; then connect to
chenical feed punp.

e) Schene 5 (see Figure 28). This method has the feed device
installed as a by-pass around the boiler feedwater regulator, it may be used
wherever it can be operated conveniently. The equiprment is the same as for
Scheme 4.

f) Schenme 6 (see Figure 28). This nethod is sinmilar to Schenme 4
(by-pass around the boiler feedwater punp), except that a water jet eductor is
installed to draw the solution fromthe che mical mixing tank and discharge it
into the suction side of the feedwater punp. All chemnicals (except
ort hophosphate) may be fed in this manner. Care nust be taken to avoid
sucking air into the feedwater system because air pronptes oxygen corrosion
The val ve marked "A" nust be shut off before the chenical mxing tank enpties.

g) Scheme 7 (see Figure 28). This method is applicable to
mul tiboiler installations. Feedwater discharge pressure forces the chemcals
fromthe pressure-pot feeder to the boilers. By means of a shut-off valve in
each branch, the chem cals may be fed separately in accordance wi th individua
boi | er dosage requirements. Phosphates should be shot-injected in this
manner, and the lines flushed out after each use.

h) Schenme 8 (see Figure 28). This nmethod is sinilar to Schenme 7,
except that a high pressure chenmical feed punp takes suction fromthe chenica
m xi ng tank and di scharges to the boilers. All chenicals may feed
continuously. Lines should be flushed out periodically.
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Figure 28
Chemical Feed Arrangements (Schemes 5-8)
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7.4.2.3 Feeders. Depending on various factors, select one of the follow ng
f eeders:

a) A chemcal feed proportioning punp that adjusts speed and
stroke,

b) Pot type feeders for dissolving chenical crystals, |unps, and
briquettes, as in (a) of Figure 29,

c) Pot type feeder for feeding alum and soda ash in proportion to
makeup flow, as in (b) of Figure 29.

7.4.2.4 Sanpl e Coolers. Boiler water sanples, taken fromthe boiler for
anal ysis, nmust be cooled to approxi mately boiler-roomtenperature in a sanple
cooler. See Figure 30, for method of installation. The cooler should be
connected upstream of the continuous bl owdown, or to the water colum. One
cooler may serve two or nore boilers. |If possible, |locate it near the

| aboratory sink where tests for boiler water residuals are nade.

St eam sanpl es, taken from the boiler discharge header, nust be
cooled to roomtenperature in a sanple cooler. These sanples are necessary to
deterni ne the carbon di oxi de and oxygen content of the steam and for specia
studies in connection with carryover, foam ng, and primng, terns that
describe conditions causing the entrainnent of the boiler water solids in
particles of water with the steam If possible, provide a separate steam
sanpling nozzle for each boiler. The installation is schematically shown in
Fi gure 30. The nozzle and nethod of connection should conform ASTM ASME
Met hod D 1066, Sanpling Steam The preferred location with respect to
position in the order of decreasing preference is: (a) vertical pipe,
downward flow, (b) vertical pipe, upward flow, (c) horizontal pipe with
hori zontal insertion, (d) horizontal pipe, with vertical insertion. The steam
sanpl e cool er should be separate fromthat for boiler water, because otherw se
it is possible to nix in residual solids remaining fromthe water analysis.

Al'l piping, connections and val ves conveying the steamto the sanple cool er
must be corrosion-resistant material such as stainless steel

7.5 | on Exchange Softening

7.5.1 | on Exchange WAater Softening. This method of softening is
generally used as the first step in makeup water treatnent. A nakeup water
anal ysi s should be performed to determine the constituents in the water which
need to be handled by the treatment program A typical nakeup water analysis
formis included in Table 21. The treated makeup water is generally m xed
with returned condensate to provide the feedwater to the boiler. Refer to
Tabl e 17. The choice of ion exchange material should depend on the end result
desired. Seek advice of qualified water treatment consultants for the proper
i on exchange materi al s.

129



MIL-HDBK-1003/6

J
WATER ;
h r CHEMICAL FEED S
QRIFICE
GATE WALWE
Ny
(a) POT TYPE FEEDER
WATER U
e -
)
ORIFICE
\\L Eriie] BT ’/

ORIFICE

(b)

PRESSURE SOLUTION

Figure 29
Pot Type Feeders



MIL-HDBK-1003/6

10 DIAMETERS OF
STRAIGHT PiPE

BOILER HEADER — [
STEAM SAMPUNG /]

NOZZLE INSIDE OF
HEADER. SEE ASTM

STD D1066
FROM
OTHER BOILER
BOILERS
WASTE cmp
~ ] v <
M
<z--— BOILER — SAMPLE COOLER
o
COOUNG K] STEAM CONDENSATE SAMPLE
WATER <] (LESS THAN {10°F OR 43.3'C)
— |
Y

TO WASTE

METHOD OF CONNECTING COOLER FOR
TAKING STEAM CONDENSATE SAMPLE

BOILER BLOWDOWN CONNECTION
UPSTREAM OF CONTINUCUS
BLOWDOWN CONTROL

FROM
OTHER [ 7~~~ ———— -

BOILERS ALTERNATIVE CONNECTION

$$$ T0 WATER COLUMM BOILER

WASTE =
()
o™ BOILER - SAMPLE COOLER
<}
<>
COOUNG K THERMOMETER
WATER =
= v BOILER WATER SAMPLE

{LE3S THAN 110°F OR 43.3°C)

T‘O METHOD OF CONNECTING COOLER FOR
wasTE  TAKING SAMPLE OF BOILER WATER

Figure 30
Sample .Coolers

131




M L- HDBK- 1003/ 6

Tabl e 21
Makeup Water Anal ysis

+3333333333333333333333333333333313333333333333313133133313333133333333333333331)),
* Consti tuent Anal ysi s Parts Per MIlion (ppm *

/33333333333333333333333333313131333133313131331313131313133313131313131133131313111333II31))))1

Cations

Suspended Sol i ds

Total Dissol ved Solids

Free Acid

Col or

pH

Speci fi c Conduct ance m cro mhos/cm

> Cal cium (Ca++) as CaCOg *
* Magnesi um (My++) as CaCO3 *
* Sodi um (Na+) as CaCOg *
* Hydrogen (H+) as CaCO3 *
> Total Cations as CaCOg *
* Anions *
> Bicarbonate (HCO37) as CaCOg *
* Carbonat e (CO377) as CaCOg *
* Hydroxi de (OH) as CaCO3 *
* Sulfate (SOq™ ") as CaCO3 *
* Chloride (c1-) as CaCOj *
* Phosphat e (PO4~"7) as CaCOg >
> Total Anions as CaCOg *
> Total Hardness as CaCOg *
* Methyl Orange Al kalinity as CaCO3 *
* Phenol phthalein Al kalinity as CaCOj *
* lron, Total as Fe *
* Carbon Di oxi de as free COy *
= Silica as SiO *

-))K%?))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))—
es:

(1) Total anions equal total cations
(2) Total hardness equals cal cium plus magnesium (all as ppm CaCOg)

7.5.2 Sodi um Cati on Exchanger. See Figure 31. Use this treatment to
reduce water hardness without affecting the alkalinity. The exchanger tanks
are often hooked up in parallel, each unit being sized to handle service flow
while the other is regenerating.
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7.5.2.1 Control. Control of the softening and regeneration cycles may be
either automatic, semi-automatic (manual initiation), or manual.

a) Mnual systens -- Provide a valve nest or a multiport valve to
control the steps in regeneration. A water meter shall indicate water fl ow

t hrough the unit.

b) Automatic systenms -- Provide a neter on the soft water effluent
line to actuate the multiport control valve after a predeterni ned quantity of
wat er has been softened. An automatic valve nest may be provided in |ieu of
the nul tiport.

The heart of regeneration control, automatic and manual operation,
is the multiport valve, which opens and closes the ports for the various
operations of regeneration. The nultiport valve shall have a manual operator
for emergency use. Additional control is provided by rate-of-flow controllers
for wash and rinse water. For the cold water ion-exchange process, provide
either float-operated butterfly valves, in sunps, or automatic-throttling
backwash outlet valves of the nultiport type by properly located orifice
pl at es.

For the hot ion-exchange process, a valve nest is used, the
backwash rate nust be controlled to avoid thermal shock and resin carryover
Brine may be transferred fromthe brine neasuring tank to the ion-exchange
tank either by punmp or hydraulic eductor.

7.5.2.2 Conputati on. Calculation of the size of equi pment should be done
in accordance with the follow ng exanple.

a) Assume 100 gpm continuous makeup and total hardness of 171 ppm
(i.e. 171 ng/L or 75 grains/cubic foot as cal cium carbonate).

b) The amount of daily nmakeup at 100 gpm (0.379 cubic nmeters) is
144,000 gallons (545.5 cubic meters). In the double unit system each softener
handl es half this amount, or 72,000 gall ons.

c) |If each softener is sized to regenerate daily, the unit
capacity nust be 72,000 gallons times 10 grains per gallon, or 720,000 grains,
or 720 kil ograins.

d) A styrene-based cation resin is rated at 25,000 grains per
cubic foot and is regenerated with 10 pounds of salt per cubic foot. The
amount of resin for 720,000 grains is found by dividing 720,000 grains by
25,000 grains per cubic foot; therefore 28.8 cubic feet of resin is required.

e) The maxi mumunit flow of 10 gallons per mnute per square foot
requi res 10 square feet (0.929 square neters) of area. The closest unit size
is 42 inches (1.07 m) in dianeter. The exchanger bed depth is then about 3 ft

(0.9 m.
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f) Wth supporting gravel and rinsing space for backwash, the
height will be 6 ft 3 inch (1.91 mM. This based on a 1 ft (0.305 m support
bed and a rinse space height equal to 3/4 of the resin bed depth. Rinse space
or freeboard should be not less than 18 inches.

g Regeneration for the selected resin requires 10 pounds of salt
per cubic foot (160.2 kg/cubic neter) of resin tines 28.8 cubic feet (0.811
cubic meters) or 288 pounds (130.6 kg).

h) The amount of salt per 1,000 gallons (3.79 cubic neters) of
softened water is 288 divided by 72 or 3.96 pounds.

7.5.3 Sodi um Hydrogen |1 on Exchange Split Stream Softening. This system
reduces both hardness and al kalinity when arranged as in Figure 32. |t blends
water fromthe hydrogen and sodiumunits for 4.4 to 13.1 grains per cubic foot
alkalinity. A degasifier after the cation exchangers will reduce the carbon
di oxi de from the hydrogen cation exchanger. The proportion of flow through

t he hydrogen cation exchanger about equals the alkalinity reduction divided by
the total cations, as calciumcarbonate. Since both the regenerant and

ef fluent water of the hydrogen cation unit are acid, the tank is usually
fiberglass reinforced plastic (FRP) and the piping polyvinyl chloride (PVC).

7.5.4 Sodi um Cation Chloride Anion Conditioning. This system as
arranged in series (see Figure 33), reduces hardness and al kalinity but

i ncreases the chloride content. Cations are exchanged in the sodi umcation
system and anions in the chloride-anion system The latter reduces alkalinity
80 to 90 percent, using salt and caustic. Since no acid is required, this
systemis favored for |ow pressure boilers, even though other nethods are
often nore econom cal and efficient. Caustic will increase capacity only if
total alkalinity is less than 50 percent of total anions; otherw se caustic
provi des no benefit.

7.5.5 Deni neralizer. A demineralization unit is a conbination of a
hydrogen cation exchanger wi th an anion exchanger. See Figure 34. After the
hydrogen cation process, the effluent contains dilute hydrochloric and

sul furic acid, plus carbon dioxide. Hydrogen ions have al so converted the

di ssolved silica to hydrogen silicon trioxide. The effluent then passes

t hrough the anion exchanger. Refer to Table 18, for recommended applications.

7.5.5.1 Weakly Basic Material. |If a weakly basic material is used in the
ani on exchanger, the acids are neutralized but both carbon di oxide and silica
pass through the exchanger. Utilize a degasifier to renpve the carbon dioxide
mechanically to a residual carbon dioxide content of 2 to 5 mlligrans per
liter. Wak base materials are used when the raw water is high in sulfate and
chl orides, and when silica is not objectionable.
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138



M L- HDBK- 1003/ 6

7.5.5.2 Strongly Basic Material. |If a strongly basic material is used in
t he exchanger, acids are absorbed by the anion resin. |In reality, no chenica
exchange takes place. The resin picks up (absorbs) the siliceous acid but, in
return, does not give up anything to the makeup water, except water. No
solids are added to the nmakeup water. By sinmilar reactions, the

demi neral i zing anion unit absorbs carbonic acid, sulfuric acid, and

hydrochl oric acid which are the end products of the hydrogen cation process.
A degasifier or vacuum deaerator should be installed after the cation
exchanger to reduce the carbon dioxide | oad on the ani on exchanger. A
demineralizing unit of this type produces top quality makeup water for high
pressure boilers.

7.5.5.3 M xed-Bed Demi neralizer. A mxed-bed dem neralizer is a single
vessel containing an intimte mxture of cation and ani on exchanger nateri al
The ni xed bed is equivalent to an alnpost infinite nunmber of two-step
demineralizers in series. Mxed-bed treated water is the closest approach to
pure water. It is recormended in preference to the nulti-bed unit where first
cost is inportant and operating cost is secondary.

7.5.5.4 Deni neral i zer versus Evaporators. A demineralizing systemis able
to produce high quality water wi thout heat. An evaporator requires heat.
This fact is inportant in starting up a boiler plant. The evaporator is tied
inwith a fixed plant heat cycle, while the denmineralizer is independent. An
econoni ¢ study to sel ect one should include equi pment cost, owning costs,

val ue of evaporator heat |oss or energy degradation, chem cal operating cost,
and | abor mai ntenance char ges.

7.5.5.5 Si zing Denineralizers. Sizing of these units is simlar to that
for sodium cation exchangers. Raw water flow and total dissolved solids
affect the overall operating and owning costs. Continuous boiler blowdown is
reduced.

7.6 O her External Treatnment

7.6.1 Filters. Pressure filters nay be used to renpve suspended matter
by straining, screening, and frictional resistance; see Figure 35.

7.6.1.1 Media. Generally, use sand as the filtering material for cold
wat er; for above 125 degrees F (79.75 degrees C), anthracite coal should be
substituted to avoid silica dissolving in the hot water.

7.6.1.2 Size. Size the filter for a maximumflow rate of 3 gpm per square
foot (0.002 cubic neters per second per square nmeter) of filter area.

7.6.1.3 Backwash. The rate of backwash should be 12 to 15 gpm per square
foot (0.149 to 0.186 cubic meters per second per square nmeter) of filtering
area for sand, and 8 to 10 gpm per square foot (0.0005 to 0.0007 cubic neters
per second per square neter) for anthracite coal. The rate should be
accurately regulated by an orifice, a rate-of-flow controller, or other neans.
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Figure 35
Typical Vertical Steel Shell Pressure Filter
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7.6.1.4 Coagul ati on. A coagul ant such as sodi um al uni nate may be added to
the raw water ahead of the filter to forma filterable floc by reaction with
t he bi carbonates.

7.6.2 Li me- Soda Soft eni ng

7.6.2.1 Cold Process. The cold lime or |linme-soda process nmay be used to
reduce hardness and chem cal constituents. For this purpose, provide an open
vessel and chemical feeders for adding lime or caustic soda alone (or |inme and
soda ash). Line alone will renpve carbonate hardness by precipitating
magnesi um hydr oxi de and cal ci um carbonate; the addition of soda ash wil|l
renove noncarbonate hardness. The choice of chenicals depends on the chenica
constituents in the water.

7.6.2.2 Hot Process. |In hot-process softening (see Figure 36) inpurities
are precipitated in a tank at a tenperature of 200 to 220 degrees F (93.3 to
104. 4 degrees C), or higher. Chenmicals are fed to the makeup water in the
upper zone, react with inpurities, and precipitate them \Water then flows to
the bottom rises through the sludge bl anket, and di scharges to anthracite
filters. Sludge settling in a cone at the bottomof the tank is renmoved by
bl owdown. The process is economi cal when objectives include the reduction of
hardness and organic matter, dissolved solids, alkalinity, and silica. The
renmoval of iron and free carbon di oxide are incidental advantages.
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Hot Process Softener Conical Downtake Design
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Section 8: AUXI LI ARY BO LER ROOM EQUI PMENT AND SYSTEMS

8.1 Scope. This section focuses on the nmjor pieces of equi pnent and
systens relating to central heating plants and on criteria which help in
sel ection and operati on of such equi pnent.

8.2 Punps
8.2.1 Types. The major types of punps in the process industries are

centrifugal, axial, regenerative turbine, reciprocating, netering, and rotary.
These punps can be grouped into two categories: dynamc and positive
di spl acement (refer to Table 22).

a) Dynamic punps include centrifugal and axial types. These punps
operate by developing a high liquid velocity which is converted to pressure in
a diffusing fl ow passage. These punps operate at high speed, provide high
flow rates and generally require | ess maintenance than positive displacenment

punps.

b) Positive displacement punps include rotary displacenment,
reci procating plunger or reciprocating steamdriven types. These punps
operate by forcing a fixed volune of fluid through gear teeth, sliding vanes,
screws or other principals into the punps di scharge zone. They are self
primng and work with high viscosity fluids. Al positive displacement punps
have "slip" which displaces Iess fluid volune than the actual displacenment of
the piston or rotating elenent. However, when positive displacenment punps are
in good condition, their efficiencies exceed those of small capacity
centrifugal punps. Reciprocating type punps are generally high maintenance
items due to lubrication and packing gland problems. They have been | argely
repl aced except for special applications. Flow rate changes for rotary
di spl acement or fixed plunger punps can be acconplished by speed control or
nodul at ed by-pass. Variable stroke punps can have the stroke adjusted
automatically. Reciprocating steamdriven punps are easily controlled by
governors on the steam supply.

8.2.2 Sel ection. When selecting a punp the followi ng itens nmust be

consi dered: operating pressure, tenperature, corrosiveness, abrasiveness,
specific gravity, notor type, suction pipe arrangenent, size, location
nmounting, coupling, valve requirements, and overall efficiency. Table 22
summari zes operating paranmeters for various punps and is provided to assist in
the selection of punps.

8.2.3 Inl et Conditions. Net Positive Suction Head (NPSH) -- The net
posi tive suction head (NPSH) is the total suction head in ft of liquid
absol ute determ ned at the suction nozzle and referred to datum | ess the vapor

pressure of the liquid in ft absolute. |If the NPSH is |ess than required, the
fluid will cavitate; a good safety margin is 2 to 3 ft of fluid. Cavitation
is the vaporization of fluid in the casing or suction line. |If the fluid
pressure is less than the vapor pressure, pockets of vapor will form As
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Tabl e 22
Sunmary of Operating Performances of Punps

+))))))))))))))))))))0))))))))))))))0))))))))))0)))))))))))0)))))))))))))))

* TYPI CAL *MAX KI NEMATIC =
*  PUWP * CAPACITY = MAX HEAD *» NPSH REQ * VI SCOSI TY *
* TYPE/ STYLE * (gpm * (ft) * (ft) *(square inch *

/)%%&%)))))))))))))))3))))))))))))))3))))))))))3)))))))))))3)))))))))))))))l

* HORI ZONTAL * * * * *
* Singl e-stage = 950-30,000 = 492 * 6.6-20 - 1.01 >
* over hung * * * 3 *
*  Two- st age * 950-71,000 * 1394 * 6.6-22 @ * 0.67 *
* over hung * * * = *
= Single-stage ~ 950-2.4x106 = 1099 * 6.6-25 > 1.01 *
* over hung * * * * *
*  Chemi cal * 950-62, 000 * 239 * 3.9-20 * 1.01 *
* Slurry * 950-62, 000 * 394 * 4.9-25 @ * 1.01 *
*  Canned = 95-1.2x106 = 4922 =~ 6.6-20 = 0.67 *
* Milti horiz split = 950-6.7x10° * 5495 * 6.6-20 * 0.67 *
= Milti barrel * 950-5.2x10° * 5495 * 6.6-20 @ * 0.67 *
* VERTI CAL * * * * *
= Single-stage *  950- 6. 2x10° * 804 *~ 1-20 * 1.01 *
= Miltistage * 950-4.8x106 = 6004 * 1-20 * 0.67 *
* In-line *  950-7.1x10° = 705 *  1-20 * 0.67 *
* Hi gh- Speed * 285-24,000 * 5807 * 7.9-40 * 0.17 *
*  Sunp *  950-43,000 = 197 > 1-22 * 0.67 *
* Milti deep well * 285-24,000 * 6004 * 1-20 * 0.67 *
* AXI AL * 950-6.2x106 = 39.4 = 6.6 * 1.01 *
* propeller 3 =3 * * *
* TURBI NE * 95-1.2x10° * 2493 * 6.6-8.2 * 0.17 *
* regenerative > > > > >
* PQSI Tl VE * * * * *
* DI SPLACEMENT * * * * *
* RECI PROCATI NG * * (psi) * * *
* Piston, plunger * 950-6.2x10° * 50038 > 12 > 1.71 >
* Metering * 0-950 * 74985 * 15.1 * 1.71 *
* Di aphragm * 95-5,700 * 5004 * 12.1 * 1.16 *
* ROTARY * * * * (ssu) *
*  Screw * 95-1.2x10° = 3002 * 9.8 = 150x106 *
*  Cear *  95-3x10° * 493 >~ 9.8 = 150x106 *

-2233333333333333333323333333133333132333131313333231313133331313132313133313131))1I)))-
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Tabl e 22 (Conti nued)
Sunmary of Operating Performances of Punps

+))))))))))))))))))))))0))))))))))))))0))))))))))0)))))))))))0)))))))))))))))

* TYPI CAL MAX PUMP =  SOLIDS =  RELATIVE *
*  PUWP * EFFICIENCY > TEMP * TOLERANCE * MAI NTENANCE *
* TYPE/ STYLE * (% * (oF) * * REQUI REMENT *
/))%%&%))))))))))))))))3))))))))))))))3))))))))))3)))))))))))3)))))))))))))))l
* HORI ZONTAL * * * 3 *
* Si ngl e- st age * 20- 80 * 851 * MED-H GH = LOW *
* over hung * * * * *
> Two- st age > 20-75 > 851 * MED-H GH = LOowW >
* over hung * * * = *
* Si ngl e- st age * 30-90 * 401-851 * MED-H GH = LOW *
* over hung * * * * *
*  Chem cal * 20-75 * 401 * MED-H GH =~ MEDI UM *
* Slurry * 20- 80 * 851 =3 HGH = H GH *
*  Canned * 20-70 * 1004 = Low = Low *
* Mul ti horiz split = 65-90 > 401-500 = MVEDI UM = LOW >
> Mul ti barrel type = 40-75 > 851 N MVEDI UM = LOW >
* VERTI CAL * * * * *
* Si ngl e- st age * 20-85 = 653 * MVEDI UM = LOwW *
* Miltistage * 25-90 * 500 * MEDIUM =  MEDI UM *
* In-1ine * 20- 80 * 500 * MEDIUM =+ Low *
> Hi gh- Speed > 10-50 > 500 p Low = VEDI UM >
*  Sunp * 40- 75 * -- * MED-H CGH * Low *
* Milti deep well * 30-75 * 401 * MEDIUM =  MEDI UM *
*  AXI AL * 65- 85 * 149 * HGH =~ Low *
* propel | er * e * * *
*  TURBI NE * 55- 85 * 248 * MEDIUM * MED-H CH *
* regenerative & * * * *
* POSI Tl VE L * * * *
* DI SPLACEMENT * * * * *
* RECI PROCATI NG * * * * *
> Pi ston, plunger > 55-85 > 554 > MEDI UM = H GH *
* Met eri ng = ~20 * 554 * Low = VEDI UM *
> Di aphragm * ~20 > 500 > Low = H GH *
* ROTARY * * * * *
* Screw * 50- 80 * 500 * MEDIUM =  MEDI UM *
* Cear * 50- 80 * 653 * MEDIUM =  MEDI UM *

-233333333333333333313332333333333133333233313333131332313333131333131323313133131IIX))))-
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vapor pockets reach the surface of the inpeller, the |l ocal high fluid pressure
will collapse them causing noise, vibration, and possible structural damage
to the punp. Applications which require high NPSH, such as feed punps, may
requi re booster punps.

8.2.4 Di scharge Conditions (Punp Selection). The characteristics of a
punpi ng system express the relationship between flow rate Q and head H  Head
is the sumof the geonetric height, friction | osses, valve |osses and others.
Once the flow rate and head have been deternined, the designer can refer to
the manufacturer's perfornmance curve to select the proper curve.

8.2.5 Di scharge Control. Discharge volume and pressure can be controlled
by one or nore of the foll ow ng nethods:

a) Modul ated di scharge control and valve throttling,
b) Variable speed control
c) Miltiple punps.

Use nodul ated di scharge when regulation is required and the
hor sepower decreases as the discharge is restricted. When using speed
control, care should be taken that the head capacity curve not have a rising
capacity characteristic at any speed on the performance curve. This could
create a very unstabl e operating condition. Were process demand conditions
vary widely, nultiple punps sized to neet denand requirenents running at
constant speed can be economically installed and operat ed.

8.2.6 Series and Parallel. Punps connected in series will devel op a head
equal to the sum of the heads devel oped by each punp at any given flow. Punps
operating in series are referred to as pressure additive. Each punp nmust be
selected to operate satisfactorily at the systemdesign flow. Punps connected
in parallel will develop the equival ent head at each punp discharge and the
systemflow is divided anong the punps. Punps operating in parallel are said
to be flow additive.

8.2.7 Boiler Water Feed Punps. Safety factor used in selection of boiler
wat er feed punps shall be 25 percent in capacity (for punp wear, bl owdown
requi rements and excess boil er capacity available for short periods) and 15 to
25 percent for pressure. |If punp discharges through an orifice, the
additional flow required to prevent flashing shall be added to the punp
capacity over the 25 percent safety factor

(1) Punps operating in parallel shall have sinmilar head capacity
curves and equal head at shut-off. |ndividual curves shall indicate
continuously rising head characteristics fromnmaximumto zero capacity. The
curves at different speeds and those showi ng the required "net positive
suction heads" (NPSH) are available fromthe punp manufacturers.
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(2) Net Positive Suction Head (NPSH). To enabl e acceptable
performance under all operating conditions of the boiler water feed punps, the
pressure at the punp suction nust be sufficiently above the vapor pressure of
the fluid being handl ed (corresponding to the saturation pressure of the fluid
at the suction tenperature) to prevent steam binding and cavitation which will
destroy the punp inpeller. Proper operation requires nmaintenance of a "net
positive suction head above vapor pressure" (NPSH) at all tines. NPSHis a
function of suction head or lift, friction head and vapor pressure of liquid
at suction tenperature.

(a) Avail able NPSH

EQUATI ON: NPSH =53535>855>30583>* s - Hr (12)
wher e:
Ps = Pressure in suction vessel in psia at the prevailing altitudes.
Py = Vapor pressure of punped liquid in psia.
Hg = Static elevation in feet of the Iiquid surface above (+) or

bel ow (-) the centerline of the inpeller.

Hr = Friction loss, in feet of liquid, in the suction line fromthe
vessel to the punp suction flange.

S.G = Specific gravity of the liquid at suction tenperature.

(3) Conditions resulting in undue fluctuations in heater pressure
and/ or other sudden reductions in punp suction pressure may require injection
of cold water into the punp suction to prevent flashing with resulting
cavitation.

(4) Boiler feed punps operating at or near shut-off are subject to
damage due to overheating and possible seizure between the rotating and
stationary parts, inbalance due to cavitation and other m scell aneous
hydraulic forces. At conplete shut-off the only fluid protecting the parts
from damage is the ampunt contained in the casing which may be raised to a
boiling tenperature in mnutes or even seconds. Provision nust be made for
adequate flow through the pump to prevent punp damage. This is acconplished
by discharging a constant flow through an orifice or discharging of a
controlled flow through an automatically controlled di scharge bypass system or
automatic flow control valve; this valve is |ocated after the punp and
di scharges to a bypass recirculating |line which discharges to the dearator
heater or tank.
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(a) Mninum Al |l owabl e Punp Suction Pressure.

Py = P + (NPSHa - NPSHs) x S. G (13)
2.31
Pa = Feedwater pressure (absolute) at punp suction, psia
Py = Mninum feedwat er pressure (absolute) at punp suction,

PSI A, plus the difference between NPSHa and NPSHs.

NPSHa = NPSH available in feet of liquid of systemat shut-off
(Usual ly static suction head if water in heater is at its
vapor pressure point.)

NPSHs = NPSH in feet of liquid required of punp at shut-off.

S.G = Specific gravity of feedwater at punping tenperature.

(b) Maxi mum Al |l owabl e Tenperature Ri se Across the Punp:

R=Tg - Tj (14)

R = Al l owabl e tenperature rise in degrees F. Generally
limted to 15 degrees F (8.3 degrees O

Tg = Tenperature in degrees F corresponding to saturation
tenperature of P.

T = Tenperature in degrees F of feedwater at inlet of punp.

Tenperature rise and by-pass requirenments to prevent damage to the

punp due to cavitation are generally available fromthe manufacturer

EQUATI ON
wher e:

(c) M ninmum Punp Fl ow

Q= BHP x 5.1 (15)
Rx SSG x S

Q = By- pass capacity in gpm

BHP = Hor sepower inlet at shut-off.

R = Maxi mum al | owabl e tenperature rise degrees F
S = Speci fic heat of |iquid.
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S. G

Specific gravity of feedwater.

5.1 = 42.42 Btu/M n./HP hour
8. 33 Lbs./gal

(d) Punp Hor sepower | nput:

EQUATI ON: Input HP = __ Qx TDH x S. G (16)
3960 x Ep x Eg
wher e:
Q = @llons per mnute.
TDH =  Total dynam c head, feet.
S.G = Specific gravity to 60 degrees F water.
Ep = Punp efficiency at specific point of operation.
Eq = Ef fici ency of notor or driver at same point of operation
3960 = 33000 ft. pounds per H P. ninute
8.33 I bs. per gallon
8.3 Fans
8.3.1 Types. The mmjor boiler fans are the forced draft and induced

draft fans which supply air for combustion of fuel and transport flue gases
through the boiler. Additional fans provide pneumatic injection of fuel
recircul ati on of unburned carbon, gas recirculation, and forced overfire air
Nurer ous smal | fans are used for cooling and sealing of igniters, scanners and
ot her equi prent .

8.3.2 Pressurized Boilers. Boilers are either pressurized or have

bal anced draft for combustion. A pressurized boiler operates at above
atmospheric pressure in the furnace. The forced draft fan supplies the air
necessary for proper conbustion in the furnace and will also provide a
sufficient volume of air to conpensate for |eakage | osses and sealing air
requirenents.

8.3.3 Bal anced Draft Boilers. Balanced draft boilers are systenms where
forced draft fans supply air to the furnace and induced draft fans exhaust the
products of conmbustion. The furnace is kept at a slightly negative pressure,
0.2 to 0.5 inches WC., by the induced draft fan which is generally | ocated
downstream of the particul ate renmoval system

8.3.4 Forced Draft Fans. Forced draft (FD) fans operate with reasonably
clean, cool or warmair. Forced draft fans should be designed for quietness,
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efficiency, controllability and vibration free operation throughout the entire
operating range. Backward inclined or backward curved single thickness bl ade
centrifugal fans or variable pitch vane axial fans, are preferred. Inlets for
the fans shoul d have silencers with screens to attenuate entrance noi ses and
prevent objects fromentering the system

The air flow rate shall be sufficient to provide the air required
for proper combustion plus air |eakage. The static pressure of the FD fan
shal |l be calculated for the pressure drop through the inlet air duct, air
heater, air netering device, danpers or vanes, air ducts, fuel bed, burners
and any other resistance between the fan and the furnace. |If there is not an
i nduced draft fan, the forced draft fan nust also provide sufficient static
pressure for the furnace, stack effect and other |osses. The volume of air to
be provided is dependent on air pressure (elevation), air tenperature and
fuel. To assure that the fans will not linit a boiler's performance, margins
of safety are added into the calculations for net fan requirement. The
mar gi ns of safety are:

a) Coal fired: 20 percent excess volune, 32 percent excess
pressure

b) G and gas fired: 10 to 15 percent excess volune, 20 to 25
percent excess pressure

c) 25 degrees F (13.9 degrees C) increase in tenperature at the
fan inlet.

8.3.5 I nduced Draft Fans. Induced draft (ID) fans handl e high
tenmperature corrosive gas which may contain erosive ash. FErosion is
control l ed by using abrasion resistant material and linting top speed. For
coal firing, IDfans may be required to operate under variable tenperatures
due to | oad, bypass of baghouse and scubber. Tenperatures can vary from 250
to 450 degrees F (121 to 232.3 degrees C) depending on operation. The
bearings are usually water cooled and have radi ati on shields on the shaft

bet ween rotor and bearings to avoid overheating. The ID fans nove the air
fromthe furnace, through the heat recovery equi pment, ductwork, pollution
control equipnment, and stack. Corrosion nust be considered if tenperatures of
flue gas are within 30 degrees F (16.7 degrees C) of dewpoint. |[ID fans are
designed with approxi mately the sane factor of safety as FD fans.

8.3.6 Fan Sel ection. The nethod of establishing characteristics for FD
and ID fans in a bal anced draft systemis described in para. 8.3.6.1 and
8.3.6.2.

8.3.6.1 Forced Draft Fan. (Refer to "Steam p. 17-10.)

EQUATI ON: W, = Tae + Ea + Ly = Tpr (17)

Thr + Wm = Wyr
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wher e:

Weight of air to be handled by fan, |b/hr
Theoretical air for conbustion

Excess air required at burner

Leakage in air heater

Total net requirenent

proper safety margin

Wor Total test block requiremnent

—
joV]
[ T L I T T 0

EQUATI ON: Pg = Pfr (18)
Pir + Psm = Ppp
wher e:

Static pressure at fan discharge, inches of water
Total air-resistance, fan to furnace

Add proper safety margin

Total test block pressure

EQUATI ON: Tq + 25 degrees F (13.9 degrees C) = Tib (19)
wher e:

Ta
Ttp

8.3.6.2 | nduced Draft Fan

Tenperature of air, degrees F
Total test block tenperature

a) Weight of gas to be handled by fan, |Ib/hr = Total net
requi rement = Theoretical air for conbustion + Excess air required at burner +
Fuel burned (assume no ash) + Infiltration + Leakage in air heater
Add proper safety margin = Total test block requirement.

b) Draft to be provided by fan, inches of water = Total net draft
requirenent.
Add proper safety margin = Total test block pressure

c) Tenmperature of air, degrees F
Net tenp. + 25 degrees F (13.9 degrees C) = Total test block
t enperature

8.3.7 Fan Control Methods. Selection of fan controls is a bal ance of
engi neering and econonic factors. The manufacturer's fan curves must be
supplied for each fan.

a) Danpers. Danpers are used on fan discharge to raise system
resi stance and rai se operating points higher on the fan curves. |nput power
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decreases on decreased vol ume output and fan efficiency increases. Danpers are
closed during the startup of the boiler to reduce starting |oad on the notor.

b) Variable inlet vanes. These are used to change characteristic
curves of forced draft fans by providing swirl to the fan inpeller. Variable
inlet vanes are slightly nore effective in saving power than parallel blade
i nl et box danpers. \When furnishing variable inlet vanes for either
centrifugal of fixed-pitch axial fans, fan manufacturers provide a conplete
performance envel ope showi ng the effect of vane position on fan perfornmance
and power. Wth fixed speed notors, power only slightly dimnishes as air
volume is reduced. This system operates economically if air volume is 75
percent or above the design vol une.

c) Two-speed motor drive. A centrifugal fan maintains its highest
| evel of efficiency at high |oads. As the |oad drops the danpers cl ose and
fan efficiency drops off rapidly. Two speed notors allow the fan to operate
at overall high efficiency with the danpers open at two running speeds. The
two speed notor is | ess expensive and easier to control than variable speed
drives.

Vari abl e-speed notor drive. A variable speed gives an infinite
series of fan curves from which the points of highest system efficiency can be
chosen. A variable speed systemsignificantly inmproves fan efficiency during
periods when the boiler is operating at less than its maxi mum | oad.

8.3.8 Additional Information. Fans and their usage are discussed in
Conbusti on Engi neering Inc. Conbustion/Fossil Power Systenms, (1981),
Chapter 15.

8.3.9 Fan Drives. Fans are generally driven by either electric notor or
steamturbine. A steamturbine may be used when plant heat bal ance pernmits
and the exhaust steamis used for feedwater, space heating, or process. Dua
drive may be found necessary in the case of boiler startup

8.4 Mbt or s

8.4.1 Sel ection. Mdtors shall be selected for the maxi mum duty required
by the driven machi ne under nobst severe anticipated operating conditions.
Consi der selection of high efficiency notors if service conditions can be net
and such notors are econonically justified. For variable speed drive,
conpati bl e controls must be avail abl e.

Power supply shall be designed to neet notor requirenents under al
| oad conditions. Low voltage on A.C. induction notors results in the
following variations in design factors:

a) Increased slip,

b) Decreased torque,
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c) Decreased efficiency,

d) Increased power factor.

The reverse effect may be expected with voltage above normal.
O her design criteria such as frequency, voltage regul ations, etc., further
af fect performance and nust be coordinated with the primary power supply.

The designer shall obtain suppliers data on final notor selection
for the foll ow ng:

a) Maxi mum | oad torques,

b) Starting, pull-up and breakdown torques greater than the
respective torque val ues of the | oad speed-torque curves,

c) Accelerating capacity to neet maxi mum allowable time to conme to
speed,

d) Maximum starts per hour to protect notor wi nding,

e) Mtor efficiencies at various speeds and |oads for nultispeed
and vari abl e speed notors,

f) Requirenments for explosion-proof, dustproof or waterproof
installations.

8.5 Econonmi zers

8.5.1 General . Econom zers use the relatively |ow tenperature flue gas
| eaving the boiler to heat the feedwater entering the boiler. Econonizers
will increase boiler efficiency by approximately 1 percent for every 10

degrees F (5.6 degrees C) increase in feedwater tenperature or for a 40
degree F (22.2 degrees C) reduction in exit gas tenperature.

8.5.2 Applications. Economizers may be furnished as an integral part of
the steam generator, as an accessory in the flue gas system of the origina
installation or as a subsequent retrofit item Econonizers are not
practically applied to HTWboil ers because of the |low flue gas exit
tenperatures. When applicable to steam generators consideration nust be given
to all factors affecting design. These considerations include:

a) Type of fuel and sul fur content. The dew point and rate of
corrosion increase as the sulfur content increases. See Figure 37.

b) Operating pressure and tenperature. The flue gas tenperature

must be hi gher than the steamtenperature in a boiling tank for heat transfer
to take place. Therefore econonizers are better suited for high pressure
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boil ers. The higher the operating pressure the higher the flue gas
tenmperature | eaving the boiler. Econom zers are not practical below 50 psig
(345 kPa) steam pressure

c) Control of both feedwater and gas tenperatures |eaving the
econom zer at varying | oads.

d) Type of heating surface. Tube dianeters conmmonly range from
1.75 to 2.75 inch OD. Normally, bare tube or cast-iron-covered tube are

provided for coal or high sulfur oil. Finned tubes can be used for natura
gas, No. 2 fuel oil, gas or lowsulfur No. 6 oil

8.5.3 Desi gn Considerations. M ninum feedwater and nmetal tenperatures
vary according to the percent sul fur content of the fuel. Flue gas

temperatures must be maintai ned above the acid dewpoint to prevent condensate
and corrosion (see Figure 37). Feedwater tenperature nust be held at |east 50
to 75 degrees F (27.8 to 41.7 degrees C) below that of the boiler saturated
tenmperature to prevent steaming in the econoni zer

8.5.4 Econoni zer Corrosion Controls. Under conditions where a sul fur-
bearing fuel is being fired and the feedwater is not of sufficient
tenperature, a Feedwater Preheat Systemis to be incorporated into the
econoni zer design and beconme part of the installed package. The Feedwater
Preheat Systemis to be capable of elevating the inlet feedwater tenperature
to the minimumrequired inlet tenperature. The systemis also to be capable
of controlling the exit stack gas tenperature by the el evation of feedwater
tenperature. The system shall be operational during all boiler |oads. The
system shal | consist of the foll owi ng conponents: feedwater preheater
feedwat er control valve with feedwater tenperature sensing device, and stack
gas control valve with gas tenperature sensing device.

8.5.5 Heat Bal ance and Fuel Savings. Economnizers will affect the overal
pl ant heat bal ance and require careful evaluation in its application

Economi ¢ anal ysis and heat bal ance should be made to determi ne whether to onmit
the economi zer and heat the feedwater with exhaust steam and/or to install an
air preheater. Where econonizers are installed as accessory or retrofit itens
in the flue gas system the recovered heat may be cal cul ated and expressed as
an increase in overall steam generator efficiency and further eval uated.

8.5.6 Accessories. Include the follow ng accessories and equi pnent for
each econoni zer.

a) |f sootblowers are required, econom zer shall be designed with
tube spacing and depths of banks suited for cleaning with sootblowers. The
external surface may be cleaned with the sane type of equi pnent used to clean
boi | er surfaces.

b) Tenperature and pressure indicators on feedwater outlet.

c) Tenperature and pressure indicators on feedwater inlet.
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d) Tenperature and pressure indicators on flue gas outlet.
e) Tenperature and pressure indicators on flue gas inlet.

f) Manual shutoff and bypass piping control valving for |ow | oad
operation.

g) Low point drain on boiler feedwater with drain val ves.

h) Means to wash down the econom zer when the unit is taken out of
servi ce.

i) Drainage for washdown water in gas ducts.
j) Access doors for cleaning and observation

k) Feedwater heater for startup or |ow | oad operation. Feedwater
coils can be located in the mud drum for preheating water at |ow | oads.

) Flyash hoppers.
8.6 Air Heaters

8.6.1 General. Air heaters are installed to recover waste heat |eaving
the boiler or econom zer and add the heat to incom ng conbustion air

8.6.2 Application. Condensing type air preheaters should be used if
econonically justifiable, otherwise the minimmflue gas tenperature exiting
the heater nust be controlled so that the nmetal tenperatures are kept above
t he dew points of the gases. See Figure 37 for mnimmnetal tenperatures for
heaters. Depending on the fuel used and method of firing the nom nal | ower
limt for flue gas would be between 300 to 350 degrees F (149 to 177

degrees C). The higher Ilimt of the preheated air may range up to 600
degrees F (315 degrees C). |In cases of high steam pressure and/or high flue
gas tenperature, sufficient heat may remain in the flue gas after an
econoni zer to warrant both the installation of an econonizer and an air
heater. In all cases however, the high and lowlimts as well as the overal
pl ant heat bal ance nmust be taken into consideration

8.6.3 Desi gn Considerations. The size of air heater to install is based
on engi neering and econom ¢ considerations. The increase in efficiency is
bal anced agai nst the original cost of the air heater, the cost of additiona
fan power to overcome increased draft |osses, and operating and mai ntenance
costs of the fans. The efficiency increases approxi mtely 1 percent for a 40
degrees F (22.2 degrees C) decrease in outlet gas tenperature or for a 50
degrees F (27.8 degrees C) increase in conbustion air inlet tenperature. An
air heater not only increases the efficiency of the boiler at all |oads, it
also permits a reduction in the physical size of the boiler
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8.6.4 Classification. Air heaters are classified as either recuperative
or regenerative. Recuperative air heaters pass heat through a heat exchanger

directly fromone side of the surface to the other. Recuperative air heaters
are generally of the tubular or plate type. Regenerative air heaters use heat
fromthe hot gasses to heat a heat storage nediumthen use the heated nmedi um

to heat the incom ng conmbustion air

8.6.5 Corrosion. The tube netal tenperatures must stay above the
tenperatures indicated in Figure 37. The tube metal tenperatures may be
controll ed by one of the follow ng nethods.

a) Recirculate a portion of the preheated air fromthe air heater
outlet to the inlet of the forced draft fan.

b) Bypass a portion of the air around the air heater which wll
reduce flow through the air heater and allow the nmetal tenperature to
i ncrease.

c) Use a steamcoil located in the air duct prior to the inlet of
the air heater.

d) Use corrosion resistant materials or material coating.

e) The tenperature of conmbustion air discharge fromthe air heater
shoul d not exceed the linits |isted bel ow

1) Stoker fired units for coal or weed chips can generally
accommpdate tenperatures up to 350 degrees F (177 degrees Q)

2) Pulverized coal fired units may utilize tenperatures up to
600 degrees F (315 degrees C) for drying the fuel as well as additiona
conbustion efficiency.

8.7 St acks
8.7.1 General. Some of the factors to consider in stack design are:
a) Flue gas conditions; i.e., erosive and corrosive constituents,

dew poi nt tenperature, maxi mumtenperatures if bypassing econom zer or air
preheat er.

b) Tenperature restrictions (related to stack Iining materials and
construction).

c) Corrosion Resistance. Stack and/or lining material mnust be

sel ected to withstand corrosive gases and condensed acids (related to sul fur
in the fuel).
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d) Loadings. Wnd, earthquake and dead (i ncludi ng nonent | oad
from defl ection).

e) Reaction Forces. After structural adequacy has been
determ ned, both static and dynami c anal yses shoul d be made of the | oads.

f) Vibration Effects. A steady wi nd can produce | arge defl ections
of wel ded steel stacks due to Karnen Vortices phenonenon. |If the frequency of
t hese pul sations is near the stacks' natural frequency, severe deflections can
result due to resonance.

g) Enissions Dispersion. Plant |ocation, adjacent structures, and
terrain affect stack design. Consult 40 CFR 51, Chapter 1, GEP (Good
Engi neering Practice) Methods of Determi ning Stack Hei ght, Dispersion
Techni ques, and Restraints on Stack Design.

h) Stack Accessories. C eanout doors, OSHA-approved clinbing
devi ces including | adder and painter trolleys, EPA flue gas testing ports and
platforms, |ightning protection and aviation warning |ights as required shal
be suppli ed.

i) Stack Height Limtations if near Airfield. The stack may be
necked down to increase the discharge velocity but this will also add
additional flow resistance which nust be overcone with nechani cal neans.

j) Stack Construction. Stack height and di aneter, support,
corrosion, and economic factors dictate type of construction. Stack
manuf acturers nust be consulted. Static and dynam c structural anal yses mnust
be made of the wind, earthquake, dead, and thermal |oads. Vortex sheddi ng of
wi nd | oads nust be considered to be assured that destructive natural-frequency
harmoni cs are not built into the stack

Stacks are generally made of concrete or steel because of the high

cost of radial brick construction. |f stack gases are positively pressurized,
or if flue gases will be at or below the dew point of the gases, corrosion
resistant |inings nust be provided; Iinings nust be able to withstand

t enperature excursions which may be experienced in the flue gas if flue gas
scrubbers are bypassed.

Stacks of steel or concrete construction shall be insulated to
avoi d condensation and smut formations when the internal surfaces may drop
bel ow 250 degrees F (121 degrees C). This requirenment does not apply when
scrubbers are used with | ow tenperature discharge (150 to 180 degrees F (65.6
to 82.2 degrees C)) into the stack because the flue gas is already bel ow dew
poi nt tenperature.

A truncated cone at the top of the stack will decrease cold air

downdrafts at the periphery of the stack and will help maintain stack
tenperature, but stack draft will also decrease considerably.
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8.7.2 Stack Design. The stack height calculations are for the effective
stack height rather than the actual height; this is the distance fromthe top
of the stack to the centerline of the opening of the stack where the flue gas
enters. Air and gas flow | osses through the inlet air duct, air heater (air
side), w ndbox, furnace and passes, air heater (gas side) or econom zer, gas
cl eanup equi prent and ot her | osses through duct and breaching should be

pl otted and overcone with the fans. The kinetic discharge head, the friction
| osses at the entrance to the stack, and friction losses in the stack shoul d
be provided by the natural draft of the stack. Baronetric pressures adjusted
for altitude and tenperature nust be considered in deternmining air pressures.
The foll owi ng stack design paraneters must be determ ned.

a) Extrene and average tenperatures of anbient air and gas
entering stack.

b) Heat losses in stack (to find nean stack tenperature).
c) Altitude and baronetric corrections for specific volune.

d) Gas weight to be handled. (Consider infiltration of air into
casing and ductwork as well as conbustion air.)

e) Stack draft |osses due to fluid friction in the stack and
ki netic energy of gases |eaving stack.

f) Mninmum stack height to satisfy dispersion requirenments of gas
eni ssi ons.

g) Economical stack dianeter.

h) Stack height for required draft. (Were scrubbers are used,
the tenperature may be too | ow for sufficient buoyancy to overcome the stacks
internal pressure |osses and provi de adequate dispersion of flue gas into the
at nosphere.)

8.7.3 Exanpl e Stack Calculations. Itens a) through i) regarding stack
cal cul ati ons were taken from The Babcock & W1 cox Company (1978), chapter 17.

a) Prelimnary Selection: For convenience in naking a tentative
sel ection of optinmum stack di nensions, for sea |level and 80 degrees F (26.7
degrees C), the necessary data are given graphically in Figure 38, Figure 39,
Fi gure 40, and Figure 41. The use of these graphs to establish stack
dimensions is illustrated by the foll owi ng exanples:
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b) General Data:

Type of Firing Approx. Gas Weight Ib/lb of Steam
Ol or Gas 1.15
Pul veri zed Coal 1.25
St oker 1.50

Exanmpl e Stack Cal cul ations:

G VEN:
Fuel Pul veri zed Coa
St eam generated, |b/hr 360, 000
Stack gas flow, |b./hr. 450, 000
Stack inlet gas tenp., degrees F 550
Stack exit gas tenp. (assuned), degrees F 450
Stack draft required (from point of balance to stack
gas entrance), in. of water 1.0
Al titude of plant Sea | eve

c) Dianeter. Enter graph, Figure 38, with a stack gas fl ow of
450,000 I b/ hr (56.7 kg/s). This will give a stack dianeter (to nearest 6 inch
increnent) of 14 ft 6 inch (4.42 m.

d) Height (approximate). Enter graph, Figure 39,, with a required
stack draft of 1 inch WG and an average gas tenperature of (550 + 450)/2 =
500 degrees F (260 degrees C). This will give an approxi mate stack hei ght of
160 ft (48.8 m.

e) Exit Gas Tenperature, Figure 40. An approxi mate stack height
of 160 ft (48.8 m) and a dianmeter of 14 ft 6 inch (4.42 m) will result in a
stack exit tenperature of 436 degrees F (224.4 degrees C), and an average
stack tenperature of (550 + 436)/2 = 493 degrees F (256 degrees O

FIND: Find the econom cal dimensions of the stack. Dianmeter of stack to
nearest 6 inch increnent in feet; active height of stack in feet; stack exit
gas tenperature, degrees F; total height of stack in feet.

f) Height (actual). Enter graph, Figure 39, with the stack draft
required i ncreased by 10 percent as a safety factor; and using the average
stack tenperature of 493 degrees F (256 degrees C), determne a new stack
hei ght based on zero stack flow loss = 177 ft (53.95 m). For a stack flow
| oss taken at the usual arbitrary value of 5 percent, the final actual stack
height = 177/0.95 = 186 ft (56.7 m. This is the active height above flue
entrance, to which nust be added any inactive section required from foundation
to flue entrance.
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g) Stack Draft Loss. The stack draft |oss may be checked by using
t he above val ues for dianeter, height, average gas tenperature and gas flow in
Equation 20 below. A check of the net draft avail able by using Equations 20
and 21 below i ndicates that the 1-inch draft |oss should be about 5 percent of
the available draft and the dianmeter as the domi nating factor in this | oss may
be nodified as necessary to suit this condition

EQUATI ON: Stack draft loss = [0.0942Tg/D|4] [1+(fL/D;)] [w 100, 000] » (20)

wher e:

Stack draft loss is neasured in inches of water

w = weight flow of gases, |b/hr
D = internal diameter of stack, ft
L = height of stack above gas entrance, ft
f = friction factor from Figure 41, Friction Factor, F, as related
to Reynol ds Nunber and Stack Dianeter, for use in Equation (12)
Tg = average gas absolute tenp. degrees R = degrees F + 460
h) Stack Draft
EQUATI ON: Stack draft = 0.256Lp (1/Ta-1/Tg) (21)
wher e:
L = stack hei ght above gas entrance, ft
p = atnospheric pressure in inches of nercury
T4 = temperature (absolute) of outside air, deg. R = deg. F + 460
Tg = average tenmperature (absolute) of stack gases, deg. R = deg. F + 460

i) If the plant is not |ocated at sea |evel, the stack draft
requi red shoul d be increased by the altitude factor, approxi mtely 30/B, where
B equal s the nornmal baroneter reading, in inches of nercury at the boiler
site.

8.7.4 Ducts and Breechings. Cold air ducts shall be designed for
velocity of 2000 to 2500 fpm and hot air ducts 3000 to 3500 fpm Breeching for
flue gas shall be designed for a velocity of 3500 to 4000 fpm Flue gas
(dirty) nust not be less than 2000 fpmto avoid settling out of particulate.
In calculating draft |osses fromflow, use ASHRAE HE-83, Equi pnment Handbook

8.8 Conpr essed Air System

8.8.1 Types of Air Conpressors. Air conpressors are divided into two
general classifications.

a) Positive displacenment type which includes reciprocating as well
as rotary action.
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b) Dynanmic type in which the air is conpressed by the mechanica
action of rotating inpellers or vanes.

Both types are available in either single-stage or multi-stage.

8.8.2 Applications and Requirenent. Conpressed air is divided into two
categories, plant air and instrument air.

8.8.2.1 Plant Air. Plant air is conpressed to 125 psig (863 kPa) and is
mai ntained in the 90 psig (621 kPa) to 125 psig (863 kPa) range. |t can be
used for the foll ow ng:

a) Fuel oil atom zing at pressures froma few inches of water to 30
psig (207 kPa) or above. Demand must be confirned with burner nanufacturers.
Refer to paragraph 5.2.3 in this handbook.

b) Soot bl owing. Normal design pressure for heating plants would
be 100 to 120 psig (690 to 828 kPa). Denmand shoul d be confirmed by boiler
manuf acturers or soot bl ower manufacturers.

c) Baghouse pul se-jet cleaning,

d) Pollution-control equipnment,

e) Ash-silo fluidizing stones,

f) Tube expander,

g) Tools and niscell aneous usage,

h) Controls and val ve actuators.

8.8.2.2 Instrument Air. Instrument air is air conpressed in an oil free
conpressor or a conpressor with a mninumof oil carry-over to a pressure of
100 psig (690 kPa), dried to a dew point tenperature not higher than 35
degrees F (1.7 degrees C) for indoor applications. The dew point at |ine
pressure shall be at |east 18 degrees F (10 degrees C) bel ow the m ni mum
anbient air tenperature in the plant. For outdoor air lines the dew point at
line pressure shall be at |east 18 degrees F (10 degrees C) bel ow the m ni mum
recorded tenperature at the plant site (see ANSI/ISA 57.3, Quality Standard
for Instrunent Air, and NAVFAC DM 3. 05, Conpressed Air and Vacuum Systens,
Section 3). CQutdoor pneumatic instruments should not be used in extrenely
col d regions.

8.8.3 Syst em Conponents. Refer to NAVFAC DM 3. 05, Section 4.

a) Two or nore conpressors sized so that with one conpressor off
line, the remaining conpressors can handl e 100 percent of the plant and
i nstrument conpressed air requirenments. The conpressors should be sized so
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t hat one conpressor is 100 percent |oaded 50 percent of the time. The notor,
or other driver, shall be sized so that it cannot be overloaded. Provide
unl oadi ng devi ces and/or other controls to reduce power consunption.

b) Intercoolers are required for two stage conpression. After-
coolers are required at discharge. A receiver with an automatic water trap
shal | be provided after the aftercooler

c) Air driers and oil-noisture separators are required on
instrument air to prevent malfunctions of instrunents. An air drier should be
considered on plant air if there is a possibility of nmoisture freezing in the
lines and blocking the air flow. An oil-npisture separator shall be placed
upstream of each outlet or usage point.

d) Intake filter-silencer on each conpressor inlet or intake.
Conpressor inlet air should be taken fromoutside air. The intake should be
at least 6 ft (1.52 m above the ground and adequately protected fromthe
rain. Do not locate the inlet in areas where air pressure pul sations may
occur. Intake pipe shall not be less than full size of conpressor inlet and
possi bly larger if excessive |length of pipe gives unacceptable pressure drop

e) Energency cross connection with noisture-oil separator between
plant air and instrument air.

f) Tenporary connections, hoses and screwed joints shall be
m nim zed to reduce possible | eakage.

8.8.4 Leakage. Design at |east 10 percent additional capacity into the
system for | eakage. An enpirical rule of thunb is that 25 horsepower is
required to conpress 100 square feet (9.29 square neters) of air at standard
conditions to 100 psig (690 kPa). Air at standard conditions weighs 0.075
pounds per cubic foot (1.21 kg per cubic nmeter). Because of the high cost of
air | eakage, shut-off valves shall be provided at branches to pernit

mai nt enance shut-down of individual usages of conpressed air

A check on the amount of total |eakage throughout system may be
done by observing what portion of the air conpressor capacity is required to
mai ntai n pressure when no air-consum ng equi pment is in service.

8.9 St eam Tr aps
8.9.1 Types. There are three major classifications of steamtraps:

mechani cal, thernostatic, and thernodynanic. Their functions can sonetines be
m xed to create a conbination steamtrap

8.9.1.1 Mechani cal . A mechanical steamtrap operates using the density

di fference of condensate and steam Steamwill travel above the condensate
flowi ng al ong the bottom of any container. An increase of condensate results
inarise of the liquid | evel of condensate. As the |level rises, a nechani sm
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all ows the condensate to be discharged. As condensate is discharged and the
| evel drops, the mechani smcloses the discharge path. Sone exanpl es of
mechani cal traps include a float trap and an inverted bucket trap

8.9.1.2 Thernpstatic. A thernostatic trap uses tenperature differences to
di scharge condensate and air. Since steam contains nore heat energy than
condensate, its heat controls the actual operation of the trap. As condensate
and air enter the trap, they are discharged through a port. When steam
enters, heat energy expands different materials, which closes off the
condensate flow. Thernostatic traps are very useful during start-up. One
type of trap, a binmetallic trap, uses two types of netals in its design. Sone
types of thernostatic traps use bellows filled with liquid, or a thernal
expansi on el ement.

8.9.1.3 Thernodynami c. A thernodynanic steamtrap uses kinetic energy

di f ferences between flow ng steam and condensate. As steam flows through an
orifice, its velocity will be much greater than that of condensate. There
will also be a pressure drop between the steam and condensate flow.  Some
types of thernodynami c steamtraps are the piston inpulse trap and the disk
trap.

8.9.2 Applications. The condensate |evel controls the float trap. The
float trap is capable of lifting condensate to a higher discharge level. The
venting of air and non-condensables in thernostatic traps make them usefu
with unit heaters, radiators, and convertors where condensate flowis gravity

controlled. |Inverted bucket traps are used on |ow pressure systenms. |npulse
and thernodynamc traps are useful for steamtracing of pipe lines where there
will be continuous flow Additional guidance for the application and

sel ection of steamtraps may be found in M L-HDBK-1003/8, and Federa
Speci fication WMT-696, Steam Traps, and Naval Ci vil Engineering Laboratory
UG 0005, Steam Trap Users Guide.

8.9.3 Sel ection and Sizeing. A steamtrap nust be: the right size, the
correct type, in the best |ocation, and properly installed to serve the system
nost efficiently. The wong trap can reduce equi pment efficiency by 35
percent. When selecting a trap consider the follow ng: type of service, rate
and range of |oad, systemtenperature and pressure, operational conditions,

and econoni cal conditions. Manufacturers' reconmendations are also usefu

when sel ecting steamtraps.

Determining the correct size steamtrap requires calculating or
estimating the naxi num condensate |oad (I b/hr). Both the mnimm and maxi mum
inlet pressure at the trap, and the outlet back pressure must be deternined.
Consult manufacturers' capacity tables when sizing the type of trap. Safety
factors, influenced by the operational characteristics of the trap, are also
sel ected from manufacturers' literature.

8.10 Controls. M L-HDBK-1003/12 provides design criteria required for
pl ant controls.
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8.10.1 Types of Systens Avail abl e.

a) On-Of controls,

b) Single point positioning system

c) Parallel positioning system

d) Parallel metering system

e) Parallel metering systemw th oxygen trim
f) Steamflow air flow netering system

8.10.2 General Rules. The follow ng general rules apply for deternining
control systemtype to effect maxi mum energy conservation. Conbustion units
| arger than 5,000,000 Btu/hr (5 270 000 kJ/hr) input should have netering
combustion controls. Investigate energy savings. Conbustion units |arger

t han 24, 000, 000 Btu/hr (7 034 kW input should have oxygen trimto optinize
fuel usage. CO trimshould be considered for larger boiler installations as
an adjunct to oxygen trimfor increased efficiency, especially for coa
firing.

8.11 Vari abl e Speed Drives

8.11.1 General . Variable speed drives can inprove the operationa
efficiency of: boiler forced draft fans, boiler induced draft fans and boiler
f eedwat er punps at reduced | oads. They conserve energy, electricity and
reduce real and reactive demand charges.

8.11.2 Mul ti speed Motor Drives

8.11.2.1 Two-speed Mitor Drives. The dual speed is usually acconplished by
pol e-changi ng notors or two wi nding notors. The pol e-changing notor may be
used at 2:1 speed ratios. For other ratios such as 3:2 or 4:3, the two

wi ndi ng notor is necessary. The fast speed drives the fan to meet maxi mum
boil er requirenents. The slower speeds are for the reduced | oad requirenents.
Fan control for intermediate | oads is acconplished by vanes and danpers.

8.11.2.2 Wund-Rotor Mtors. Wund-rotor notors have AC notors which
utilize slip rings and an adjustabl e i npedance rotor to vary notor speed. The
speed of a wound-rotor motor is changed by changing the rotor or secondary

i npedance. An increase in the rotor inpedance reduces notor speed by
increasing rotor slip. The notor continues to draw full input power; the
excess power draw is lost as heat. Slip energy recovery packages can be
furnished to recover up to about 60 percent of the slip losses. This type of
speed control is generally not used because of its poor efficiencies. The
notors are not well suited for continuous operation at reduced speed.
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8.11.3 Vari abl e Speed Drives

8.11.3.1 Variable Frequency and Conventional Mtor Drive. Nornmal
alternating current (AC) is rectified to supply direct current (DC) to an
electrical inverter. The inverter converts power fromDC to controlled
frequency AC to supply a conventional notor drive. The speed of the notor
conforms to the synchronous frequency of the AC supply. The notor speed is
control |l ed by adjusting supply frequency. This type of speed control of AC
nmotors is accurate and relatively sinple. The rectification and inverter

equi pment is solid state. |If problens arise in the frequency control system
the notor can be run directly on the supply AC at a slightly reduced speed.
The initial starting surge of current (600 to 700 percent of full |oad power)
can be reduced with the variable speed drive to about 30 percent of full | oad
power. Cooling air must be provided with the frequency control device when
hot air is used and tenpering heaters should be included when cold outside air
i s used.

8.11.3.2 Steam Turbine Drives. A single stage steamturbine drive is
usual |y econonical if exhaust steam can be used in the plant.

8.11.3.3 I nternal Conbustion Engine Drive. When this type of drive is used,
a heat recovery unit will increase the efficiency.

8.11.3.4 Conventional Mtor Drive with Hydraulic Coupling or Magnetic
Coupling (Eddy Current). The notor runs at near synchronous speed and the
drive speed is controlled by changing the clutch slip. Hydraulic and magnetic
coupl i ngs have a wi de range of speed reduction but nornmally have a slip-range
of 2 to 5 percent. The energy loss in the "slip" is referred to as speed | oss
of the driven machine. The slip loss is included in the horsepower of the
driven unit. The slip expels heat which requires cooling in the larger units.
These nethods are not energy efficient. Speed control for large notors is
general |y acconplished nore accurately, efficiently and economcally with

ot her methods. For smaller notors, eddy-current efficiency is better for
controlling speed on driven equi pnent. Eddy-current drives are |ess efficient
than variable frequency but they cost less and are sinpler to repair

8.11.3.5 Direct Current Power Supply and Drive Mdtor. Normal alternating
current (AC) is rectified to supply direct current (DC) to a DC notor drive.
Speed control of DC notors is accurate and relatively sinple. Equipment is
solid state or silicon control rectifier (SCR). Speed usually varies directly
with systeminput power factors. The DC notors are not reconmended for
hazardous | ocations and may be difficult to maintain in dirty or corrosive
envi ronnent s.

8.11.3.6 Mechani cal Variable Speed Drives. These drives are generally bel ow
50 horsepower. They control speed with V-belt drives, pulleys, gear reducers
or other variations of nechanical shifting of belts chains and clutches. They
are very high maintenance itens and are suited to internmittent service.
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V-belt drives may used where a drive efficiency of approximtely 95 percent
and a noderate anmount of naintenance and repl acenent is acceptable.

8.11.4 Application. Variable- or two-speed drives should be used when
they will increase overall plant efficiencies and save noney. Cenerally

vari abl e speed drives on fans over 10 HP (7.46 kW and boiler feed punps, over
7 1/2 HP (5.6 kW will be cost effective. The benefits of variable speed
drives are:

a) Reduced starting current,

b) Longer punp seal life,

c) Reduced inpeller wear (on induced draft fans),

d) Higher systemefficiency,

e) Less vibration and noi se.

8.11.5 Consi derations. The followi ng should be consi dered when specifying
vari abl e speed drives.

a) Variation of load, mninmumto maximm
b) Speed variation required for maxi mumto m ni num service,

c) Overall efficiency of the train of conponents sel ected over the
range of the | oad,

d) Initial cost of drive versus potential savings.
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Section 9: PERFORMANCE

9.1 Boiler Inspection. A boiler will not be accepted for operation
until it has passed an inspection and provided an operating certificate by an
i nspector certified by the National Board of Boiler and Pressure Vesse

I nspectors (NBBI) or by the Naval Facilities Engi neeri ng Command.

Cl eaning and Starting Boiler and Feedwater System Allow 48 to 72
hours for boilout. Boilout, cleaning and starting procedures shall be in
accord with the requirenents of ASME Boiler and Pressure Vessel Code, Section
7 and Factory Miutual Engi neering Research Corporation (FM, Boilers and
Pressure Vessels, 12-40. Lubricate equipment, dry out nmotors, check
al i gnment s.

The contractor shall provide the services of a boiler inspector who
hol ds an active conmission issued by the NBBI to certify the boilers prior to
acceptance by the RO CC. The boiler inspector shall have a Certificate of
Conpetency and shall be licensed by the Boiler |nspector Licensing Board of
the EFD responsible for the design.

9.2 Strength and Tightness Tests. A hydrostatic test shall be
conducted on all water side boiler conmponents. The test is performed at 150
percent of design pressure once installation is conpleted. Oher fluid

pi ping, fittings, and accessories will be tested with the operating fluid at
150 percent of design pressure. Gas piping and ducting shall be bubble tested
at positive pressures of 150 percent of design pressure. The boiler casing,
ducting, heat recovery and pollution control equipment shall be pressurized
and snoke tested.

9.3 Pl ant Operational Tests. These tests will verify all mechanica
and el ectrical systems function properly. The tests will require operating
each boiler, all plant auxiliaries, and any rel ated plant equipnent. Al
annunci ators will be tested by operating the nonitored variable at the
annunci ator limt.

9.4 Varying Load Conbustion Tests. The thernal generating equi pnent
wi || be operated throughout the capacity range for a period of five days

wi thout a mal function or a violation of Federal, state or |ocal em ssions
regul ations. ldentical control settings and conditions shall repeat
controlled variables within 5 percent of the variables range. The controls
repeatability will be checked at each of the steady state conbustion test

| oads. The load at the repeatability check will be provided by first testing
m ni mum | oad, increasing to 40 percent, 70 percent, and 100 percent |oad, and
t hen decreasing | oad and checking vari ables at 70 percent, 40 percent and

m ni mum | oad.

9.5 St eady State Conbustion Tests. Capacity and Efficiency Tests
(ASME, Power Test Code (PTC) 4.1, Steam Generating Units) shall be conducted
at 100 percent, 70 percent, 50 percent and m nimum | oad. Efficiency tests

169



M L- HDBK- 1003/ 6

shal | be conducted in accordance with the heat |oss nmethod procedures outlined
in the ASME PTC-4.1. The thermal generating equi pment shall perform at
efficiencies greater than or equal to the manufacturer's performance
guarantee. The docunented results will include:

a) Control settings,
b) Boiler display, recorder, and gauge readings,
c) Readings required by ASME power test code,

d) Graphs of Boiler load Vs. Efficiency, Boiler |oad Vs. Excess
Air, Boiler load Vs. (Stack - Conmbustion Air Tenperature),

e) Any information useful for future reference.

9.6 Enmi ssions Tests. Plant emissions shall be tested for conpliance
with applicable Federal, state and |ocal regulations and statutes. Consult
with the applicable regulating authority or authorities for applicable
conpl i ance requirenents.
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Section 10: M SCELLANEQOUS

10.1 Insulation. Insulation shall be non-asbestos conposition. Apply
i nsulation to conserve energy, provide confort, and ensure safety. Thickness
of insulation is primarily an econom ¢ conparison for energy conservation
This is done by conparing the value of heat |ost through insulation to the
cost of additional thickness over the expected life of the insulation. In
areas where a reliable fuel supply is questionable, insulation may be

i ncreased.

10.1.1 Boil er Casing. The exterior casing tenperature of shop assenbl ed
and field erected boilers shall not exceed 150 degrees F (83.3 degrees C
under the followi ng design conditions:

a) Boiler operating at maxi numrated capacity,
b) Anmbient tenperature of 100 degrees F (37.8 degrees Q)
c) Air velocity of 2 ft/sec (0.61 m.

The above casing temperature is a factor in the guaranteed plant
efficiency at various operating |oads. Lower casing tenperatures nmay be
requi red when justified econonically.

Brick-set, firebox or other field insulated units shall be covered
with a nmetal finish to protect the insulation. CQutside casing tenperature
shal | not exceed that specified for shop assenbled and field erected units.
Addi tional insulation may be used if justified economcally.

10.1.2 Pi pin

10.1.2.1 Hot WAter Piping. Hot water piping, above 150 degrees F (65.6
degrees C), shall be insulated for safety and conservation of energy. Refer
to ML-STD-101B, Color Code for Pipelines for Conpressed Gas Cylinders, table
2 for piping color code of different tenperature piping.

10.1.2.2  Steam and Hot Condensate Piping. This piping shall be insul ated
for safety, area confort, and conservation of energy. Additional insulation
may be used if justified economcally.

10.1.2.3 Location. All piping inside the plant building shall be above
ground or in covered accessible trenches. This handbook does not cover
exterior distribution piping. Exterior distribution piping requirenents for
utility steam HTW CHW natural gas, and conpressed air systems are provided
in ML-HDBK-1003/8. Piping of no. 4 to no. 6 fuel oil and other |iquids shal
be heat traced and insulated. No. 6 fuel oil lines shall be insulated to
mai nt ai n punpi ng t enperat ures.
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10.1.3 St orage Tanks. Heated, above-ground, fuel oil tanks should be
insulated with a mninumof 1-1/2 inches of insulation and protected with an
exterior netal jacket.

Deaerators, condensate receivers, heat exchangers, and |ike
equi prent shall be insulated for safety and opti num conservati on of energy.

10.1. 4 Breeching and Ducts. Flue gas breeching, regenerative type air
preheat ers, econom zers, and other exposed equi pnment between the boiler flue
gas exit and the stack shall be insul ated.

Steel stacks shall be insulated in the annular space between shells
or on the outside. The insulation shall maintain the flue gas and inside
steel stack tenperature above dewpoint. The exterior of the stack shall be at
a safe tenperature.

Forced draft, overfire, underfire, and hot combustion air supply
duct shall be insul ated.

10. 2 Pi ping. For pipe sizes and engineering, refer to M L-HDBK-1003/8.

10. 3 Boiler Air Infiltration. Mninize boiler air infiltration. Ensure
a good fit and tight seal at mechanical joints, hopper doors, furnace and
pol l ution control system access and observation ports, etc. Air infiltration
directly affects boiler efficiency. Air |eakage into the furnace causes

i nconpl ete combustion, gives false excess oxygen val ues, and cools exit flue
gas tenperatures. The results of air infiltration into the furnace are:

a) Inconmpl ete conmbustion which wastes fuel and noney.

b) Fal se excess oxygen readings. Boiler will be put into
hazardous operating condition if operator adjusts for this incorrect reading.
c) Increased air flow increasing draft |oss and fan power
requi rements, and decreasing fan and stack capacity.

d) Lowered flue gas exit tenperatures.

e) Af fect ed performance of the econom zer and air preheater
f) Fal se boil er operating efficiencies.

0) Affected flue gas dew point.

10. 4 Soot Blowi ng. Efficiency, capacity, and draft |oss of a boiler
installation depend on the condition of the heat transfer surface. For this
reason, soot blowers are provided in boilers, econoni zers, and air preheaters.
There are two types of soot blowers, air and steam Soot bl owers renpve
accunul at ed deposits of soot, fly ash and slag from heat transfer surfaces.
They are also used to prevent fly ash from plugging equi prent and air
passages. Materials and construction of soot blowers shall be in accordance
with the operating tenperature of the furnace or equi pment in which they are
pl aced.
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10.4.2 Fuel Considerations. Soot blowers shall be provided on boilers
burning solid fuels or heavy oils. They may be required when firing no. 2
fuel oil. Gas-fired boilers do not require soot blow ng equi prent because gas
is a clean burning fuel. Consult with the boiler and soot bl ower manufacturer

for specific design requirenents.

10.4.3 Spreader Stoker Boilers. The heating surface of a spreader stoker
boiler is generally cleaner than other types of fired boilers. This is due to
scrubbing action of cinders and fines carried along in the flue gas. To avoid
a sand bl asting effect on tube wall surface, due to high velocity cinders and
fines, mnimze the soot blower's blow ng tine.

10.4. 4 Medi um (Conpressed Air or Steam. Steam or conpressed air can be
used for soot blow ng. The designer should determ ne the nost cost effective
medi um  Operational costs of the soot blowers depend on utility costs.

10.4.4.1 Air-Puff Soot Blowers. An air-puff soot blower operational cost
will be competitive with steamand it may have a lower first cost. The air-
puff soot bl ower has a snoother cleaning curve. Wen evaluating steam and
conpressed air soot blowers, take into consideration the air requirements and
the plant air capacity. |Include, in the cost evaluation, the cost to increase
the plant conpressed air systemto nmeet the additional |oad of the air-puff
soot bl ower system

Air-puff soot blowers dislodge | ess soot and other matter during
each cycle. Air-puff soot blowers help reduce stack em ssions due to
overl oadi ng the dust collectors. Small puffs provide nore stable boiler
operating conditions and reduce fluctuations in furnace draft experienced with
mul tiple bl owers.

Conpressed Air Usage: Air flow through each bl ower nozzle can be
cal cul ated by an approxi mate formul a (Bauneister, et. al. 1978)

EQUATI ON: m = 0.53(ACP) /T (22)
wher e:

m = di scharge in | bs/sec

A = area of orifice in ft

C = coefficient of discharge

P = upstream pressure in | bs/in2 absolute

T = uBstrean1 enperature In deg R

Exanpl e: A 100, 000 | bs/hr steam boiler equipped with conpressed air soot
bl owers requires the foll owi ng anount of air
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Par amet er Typi cal Val ue

di aneter of nozzle

ti me per bl ow

bl ows per bl owi ng arc
bl owers per boil er
nozzle type

upstream pressure

air tenperature

air density @120 oF

M L- HDBK- 1003/ 6

5/16 in.

1.0 to 1.5 sec.

23

5 (blr), 2 (econom zer)

shar p- edge (C=0.61)

100 psig (690 kPa)

120 degrees F (49 degrees QO
0.0037 I b ft3

Usi ng nean val ues, the air consunption per cleaning cycle

woul d be:

— 0.53 B 5/ 16 / (4x144 0.6
M =5953553>55>3) ))))§)§ S1?3))§)§))))3)5)3399333)35Q
m 0.118 | b/ sec

\Y (0.118/0.0037) 31.83 cfs
31.83 cfs x 1.25 sec x 23 blows x 7 blowers

= 6,406 ft3 per cycle

10.4. 4.2
cal cul ated by an

St eam Soot Blowers. Steam flow through each bl ower nozzle can be
approxi mate fornula for saturated steam prepared by Napier

(Baurmei ster, et. al. 1978)
EQUATI ON: m = PA/'70 (23)
wher e:
m = di scharge flow in | bs/sec
A = area of orifice inin
P = upstream pressure in | bs/in2 absol ute
Exanpl e: Cal cul ated steam requirenments for 100,000 | bs/hr steam boiler
equi pped with steam soot bl owers and having the foll owi ng paraneters:
Paranet er Typi cal Val ue
di aneter of nozzle 5/16 in
time per bl ow 15 to 25 sec
bl owers per boiler 5 (blr), 2 (economni zer)

nozzle type
stream pressure

shar p- edge (C=0.61)
100 psig (690 kPa)

Usi ng nmean val ues and substituting into equation 23,
cl eani ng cycle woul d be:

t he steam consunption per
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m = PA/ 70
m = g100+14.7g X SB X 5/16g2l4g = 0.126_| bs/ sec
233333335353333333333333333333333333333333))

steamrequirements = 0.126 | bs/sec x 20 sec x 7 blowers = 17.6 | bs/cycle

Use the following rule of thumb when estimating steam requirements
(by weight) for steam soot bl owi ng systems. For coal fired boilers use two
percent of the units generated steam Both dry air and dry steam can use a
bl owi ng pressure of 120 psig (828 kPa). The mi ni mum al | owabl e operating
pressure is 80 psig (552 kPa) and the maxi num al | owabl e pressure (for power
boilers) is 300 psig (1 725 kPa). The soot bl ower manufacturer will deterni ne
the bl owi ng pressure required for the fuel, boiler design, and firing
condi tions.

Wher e an economi zer or air preheater is involved care nust be taken
to avoid |lowering flue gas tenperature bel ow the dew point. Misture in steam
or air will formdeposits in the economi zer or preheater. Do not use steam
soot blowers in HTW boil ers.

10.4.5 Operation

10.4.5.1 Steam Soot Blowers. Valving shall be provided to allow draining of
the supply steamlines prior to operating soot blower. Steamtraps shall be
installed at |ow points in the soot blowing supply line to elimnate
condensate build up. This is necessary to assure no condensate has

accumul ated in the soot blower prior to blowing. A shut off valve shall be
provi ded at each soot bl ower.

10.4.5.2 Air Soot Blowers. Do not run supply air piping in a way that
all ows oil pockets to accunul ate at or near soot blowers. M xing of oxygen
and oil may cause an explosion in a hot boiler when soot blowers are operated.

10. 4.6 Control s

10.4.6.1 Shop Assenbl ed Boilers. On shop assenbled boilers, and field-
erected boilers, of |Iess than 200,000 | bs/hr (25.2 kg/s), soot blowers shal
be locally operated with | ocal push-button stations for individual soot

bl owers.

10.4.6.2 Field-Erected Boilers. On field-erected boilers greater than
200,000 | bs/hr (25.2 kg/s), the soot blowi ng systemshall be an automatically
progranmmabl e control system This systemw || automatically start and stop
each soot blower in a programmabl e sequence, nonitor, and identify operating
soot blower. This control systemw |l be centrally located in the centra
control roomor operator's control station. Local and renote nmanual override
control will permit nmanual start-stop operation of soot blowers. Loca
control shall have highest priority.
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10. 4.7 Pi pi ng Connections for Boiler Miintenance. The boiler, econonizer
and air preheater are periodically washed down with high pressure hot water.
Soot bl owers are often used for the wash down. A high pressure (punped) water
connection shall be provided to the soot blow ng manifold. A shut

of f/isolation and check val ve shall be placed upstreamof the tie-in point to
protect the system The high pressure water connection shall allow easy
hookup of the high pressure water system

10.5 Fly Ash Reinjection on Coal-Fired Units (G nder Return)
10.5.1 Advant ages. Collection and reinjection into the furnace of cinders

carried over with fly ash nay increase fuel consunption efficiency by 3 to 5
percent. Actual savings are doubtful because of operating difficulties,

i ncreased mai ntenance and el ectrical power consunption. Collection equipment
shall be fromthe rear convection pass, econom zer hopper, and air heater
hopper .

10.5.2 Di sadvant ages

a) Increased mai ntenance of fans, dust collectors and reinjection
pi pi ng because of the abrasive nature of dust.

b) Increased flyash | oading of fines in baghouse.

c) Health hazard. (The flue gas fines are so small they nake the
dust carcinogenic.)

d) EPA claims the dust is so fine it goes right through the
pol I uti on control devices.

e) Tube erosion is increased because of additional fines in flue
gas.

f) Interface with conmbustion. Reinjection of cinders can cause
sl aggi ng and clinker formation.

10.5.3 Qperation. Econom zer hoppers and air heater hoppers collect about
5 percent of the flyash. The cinders fromthese hoppers contain an unburned
carbon which may be reinjected into the furnace for combustion. Cinders from
| ow efficiency collectors also contain unburned carbon and may al so be
reinjected for combustion. Cinders fromhigh efficiency collectors should not
be used because of excessive fines.

Cinders are collected in hoppers and fed directly into a high
pressure air stream and bl own into the furnace. The high pressure bl ower
supplies air to both the cinder return systemand the over-fire air jets. To
prevent ash buildup in the convection section, ash nmust be continually renoved
and reinjected into the furnace.
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10.6 Corrosion Protection. Corrosion is the disintegration of a netal
by one or nore of the foll ow ng causes:

a) Electrochemical (galvanic) -- Two dissimlar netals or portions
of a metallic substance imrersed in an electrolyte or ionized nedium (such as
water, soil, or chenmical solution) will cause an electric current with a

stream of electrons flowing froma relatively positively-charged nmetal (anode)
to the relatively negatively-charged metal (cathode). As a result, metal ions
will go into solution. Refer to ML HDBK 1004/10, Cathodic Protection, for
nore detail

b) Differential Environnents -- Metals will corrode when i mersed
in substances having different concentrations or ions (such as different
soils).

c) Stray Currents -- Small electric currents may stray from
sources of direct current and cause corrosion of netals in their paths.

d) Chemical Attack -- The basic action is electrochenical, but the
attack on netals is uniformrather than | ocalized.

e) Mcrobiological (tuberculation) -- This causes deterioration
of netals as a result of nmetabolic activities of mcro-organisns.

f) Atnospheric -- Corrosion of metals exposed to high hunmidity
(over 70 percent) and high concentrations of sulfur dioxide, carbon dioxide,
and salt in air.

g) Stress, Distortion, and Fatigue -- Such attributes or
condi tions do not start corrosion but will accelerate it. Highly strained
areas tend to become anodic to remminder of system Proper design and
selection of suitable materials is the solution.

10.6.1 Control Methods. Use one of the followi ng nethods for corrosion
control
10.6.1.1 I norganic Materials. |In corrosive environments and transporting

corrosi ve sol utions consider non-nmetal conduits or
a) Reinforced concrete pipe.
b) Fiberglass reinforced pipe.

c) Polyvinyl chloride pipe.
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d) Determine inorganic material limtations such as pressure,
tenmperature, and concentrations of corrosive |iquid.

10.6.1.2 Plastics. Synthetic organic materials are subject to:
a) Tenperature limts.
b) Expansion characteristics.
c) Acceptable jointing capability.
d) Approval by NAVFACENGCOMV, Code 04.

10.6.1.3 Passive Metals. Metals which are resistive to their environnents,
such as:

a) Copper and its alloys, except in alkaline conditions.

b) Aluminumand its alloys, except in areas affected by sea water,
bracki sh water containing sea water or within 3 niles (4.83 km of sea coast.

c) Lead and its alloys. Lead is seldomused due to possibility of
| ead poi soni ng.

d) Zinc-coated materials.

e) Cast iron alloys; austentitic gray, high silicon, iron-
chrom um ni ckel , ni-resist, ductile.

f) Stainless steels.

g) Hastelloys. Expensive and should only be used in justifiable
applications.

h) Monel .

i) Col unbium

j) Zirconium

k) Titanium
10.6.1. 4 Metal Protection. Ferrous metals are not stable in nost
envi ronnents; they nust be protected by isolating themfromtheir
environnents. Refer to Table 23 for applicable protective coatings for

corrosion control. Internal coatings of tanks and exterior coating of buried
tanks are not subject to this table. Interior coatings of tanks should suit
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the liquids and tenperature of the liquids. Exterior of buried tanks should
be coated with a protective coating such as fiberglass resins or coal tar
epoxy.

Cat hodic protection is recormmended to reduce or prevent corrosion
of underground netallic structures or pipe. By using sacrificial anodes or
i mpressing potentials on the metallic structures or pipe nakes them cat hodic
t hroughout with respect to the surrounding soil (electrolyte). See
M L- HDBK- 1004/ 10.

10.6.1.5 Change of Environment. Surroundi ngs may be changed by any of the
foll owi ng nmet hods:

a) Water treatnent; Refer to para.7.1.1
b) Deaeration; Refer to Table 17

c) Inhibitors. These substances retard corrosion by increasing
the polarization rate at either an anode or cathode metal or both. They can
also build up electrical resistance filns in the conducti on paths between
anodes and cathodes. Refer to Table 24 for inorganic corrosion inhibitors.
Sanpl e organic inhibitors are glucosates, ami nes, phenyl-hydrazines, and
simlar items.

d) Soil alteration. Replace corrosive soils with sand or selected
soils, or change its characteristics by adequate drainage.

10. 7 Wat er Supply

10.7.1 Pl ant Water Requirenents. Raw water makeup shall be sized to
satisfy all plant water requirements including plant water treatnment,
backwash, ash handling equi pnent, flue gas scrubbers, and other usage. O her
areas to consider include:

a) Cooling water for punp stuffing boxes, water cooled air
conpressors and aftercoolers, water sanpling coils, and bl owoff pits.

b) Air washer and dust danpener for ash handling. Protect against
freezing.

c) Flue gas desul furization system
d) Donestic hot and cold water.
e) Hose bibbs for washdown and ot her usages in plant and tunnels.

f) Fire protection.
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Tabl e 23
Preferred Generic Protective Coatings for Corrosion Contro

+)))))))))))))))))))))))))))))))))))))))0))))))))))))))))))0)))))))))))))))))

Equi pnent Generic Primer =* Generic Finish =
/))%g)))))))))))))))))))))))))))))))))))3))))))))))))))))))3)))))))))))))))))l
* Structural - Less than 300 oF * |z * Ep *
* Hopper - Less than 1000 oF * S A * S A *
* Bucket Elevators: * * *
* Structural * 1Z * - *
* Equi prent * - > CTE, E/p *
* Car Dunpers, Hoppers * - * CTE, Ep >
* Silos, Feeders * - * Ep *
* Precipitators * K *
* Interior, 500 - 1000 oF * S A * S A *
* Exterior: * K *
* pH 5-9, Less than 300 oF * AL * AL *
* pH 5, Less than 150 oF * Vv * Vv *
* Pul verizers * FElp * Ep *
* Scrubbers, Gas chute * Ep > AU >
* Exterior Surface * Ak * AL *
* Stack Gas Treat nent * * *
* less than 250 oF * Ep * AU *
* |ess than 750 oF * 1z * - *
* Soot bl owers / Snokest acks > > >
* 500 - 1000 oF * S A * S A *
* Fuel Terminal Facilities * * *
* Car dunpers and G| Transfer > > >
* Equi prent * - * CTE *
* Boilers: * * *
* Insulated Surfaces 300 oF * Ak >~ AL >
* Dem neralizer * Ep * Ep *

* *

-233333333333333333313333333333333133313131332313133313133331333313133231331313I131IIX))))-

180



M L- HDBK- 1003/ 6

Tabl e 23 (Conti nued)

Preferred Generic Protective Coatings for Corrosion Contro

+)))))))))))))))))))))))))))))))))))))))0))))))))))%)))))))0)))))))))))))))))
Generic Primer

Equi pnent

*

Ceneric Finish

*

/)))))))))))))))))))))))))))))))))))))))3))))))))))))))))))3)))))))))))))))))l

Mai nt enance, 250 oF Max:

El evat or s, fans filter housings,
heat exchangers, not ors, piping
Pi pe hangers, floor hatches

& covers, |adders, nono-rail
piping (interior / exterior

250 oF nmax.)

Punps:

| ess than 250 oF

| ess than 400 oF

500 - 1000 oF

| mrer si on | ess than 150 oF
Splash / Spillage

Swi t chgear Cabi nets

Tanks (chemical, water, and fuel)
Fuel , | ube, oi

Condensat e wat er

Cheni cal

Aci d

Al kal ai

Tur bi nes

Val ves & operators
Control panels

Transformers, circuit breakers:
Corrosive
Li ght / Atnospheric

Cool i ng towers, splash zone
Concrete
St eel

ok X X X b b b R R R R R R X X X X X % ok b o o ok ok ok k% X X
LINE TN TN N S N IR N I I N A TR S TN DN RN NN I NN IR T R SN S A A A N N A N )

*

P
~

E/p

Al k
HR. Al
S. Al

AU

LI I I N . T TN T TN TN I TN TN N N N TN NN TN S N NN N AT R I T N A A I N

*

AL

p
SAl k

CTE
CTE
\%

LINE TN TN N S N R I I I TN TN SN S N I N N N B N N N R R I I N

-23333333333333333333333333333333133313131332313133313133331333313133231331313I131IIX))))-
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Table 23 (Co

nti nued)

Preferred Generic Protective Coatings for Corrosion Contro

+)))))))))))))))))))))))))))))))))))))))0))))))))))))))))))0)))))))))))))))))
Ceneric Primer * Generic Finish

Equi pnent

*

/)))))))))))))))))))))))))))))))))))))))3))))))))))))))))))3)))))))))))))))))l

Masonry: >
Concrete bl ock, poured precast brick
I nterior

Ext eri or

Fl oors
Steel, interior/exterior

Structura

Severe Corrosion Service

Moder ate Corrosi on Service

Li ght At nospheric Service

Decks / siding:
Car bon stee
Gal vani zed

Roof Interior, galvanized & factory
fini shed:

Ferrous surfaces

O her

Siding interior/exterior

Car bon Stee
Gal vani zed

Subst ati on support
Security Fencing

ok kX X X Xk kb b b R R ok R ok kX X X X X X X %

Washdown st ati ons
Concrete, steel *

ok R X X X ok b b R o R R R R % X X X X X X X %

SBL * FEp, AL
SBL * AL
E/p > Ep
|z * Elp
E/p * Ep
1Z, Ak * AL
Al k *= Ak
|z > Ep
VW * Ep
Al k * AL
AL * AL
* Ak, AL
AL * AL
AL * -
CR Al * CR Al
Al k * AL

R R X X Xk ok b b b o R R R R X X X X X X X %

-33333333333333333313333333333331313133313133233333133131313333133131313233333131311333II))))-

Synbol key:
AL Acrylic Latex

AU = Ali phatic Urethane

Al k = Al kyd

ChR = Chlorinated Rubber

CR. Al = Corrosion Resistant Al um num
CTE = Coal Tar Epoxy

E/ p = Epoxy Pol yani de

HR. Al = Heat Resistant Al um num

Sour ce: Excerpted fromWndler, E J.,

lZz = Organic Znc

SBL = Styrene Butadi ene Latex
SAlk = Silicone Al kyd

S.Al = Silicone Al um num

\% = Vi ny

VAL = Vinyl Acrylic Latex

VW = Vinyl wash

Coatings for Power Plants, Power

Engi neering, 1980
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Tabl e 24

I norgani c I nhibitors and Corrosion Systens

Corrosive

))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))%g?)??)))))))
allic

Pot assi um

Sodi um

Sodi um

Sodi um

| nhi bi tor Concentration % Envi r onnent System
G assy phosphates Smal | Anount Wat er Systens St ee
Pot assi um di chromat e 0.052-0.2 Tap wat er I ron-brass
Pot assi um di hydr ogen +5.0 Sea wat er St ee
phosphate +
sodiumnitrite
0.10 0. 30% NaOH Al'umi num
per manganat e sol ution
Sodi um benzoat e 0.5 0. 03% NaCl MI1ld stee
sol ution
Sodi um car bonat e Smal | anount Gas- condensat e Iron
wel |l s
Sodi um chr omat e 0.5 Cool i ng wat er El ectrica
rectifier sys
Sodi um chr omat e 0.07 CadCl o brine Copper - brass
Sodi um di chr omat e 0. 025 Air Conditioner A C Equip
wat er
Sodi um di chr omat e 0.1 + 0.5 Wat er Heat
+sodiumnitrite Exchanger s
0. 002 Wat er about | ead
hexamet aphosphat e pH 6
Smal | anount Amoni a Mld - steel
net aphosphat e condenser
Sodiumnitrite 0. 005 Wt er Mld - stee
distilled water
m xt ures
1.0 Water pH 7.25 [ron
ort hophosphat e
Smal | anount Sea wat er Zn, An- Al

Sodi um silicate alloys

ok R X X Xk b b b b R R R R ok F X X X X X b b b b ok ok ok ok k% X X X X

-2233333333333333333333333333133313131333133131313333131313131313333331313131313333313111))I)))-
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10.7.2 Pl ant Water Losses

a) Continuous bl owdown and/or internmittent blowoff |oss.

b) Intermttent sootblow ng. About 1 percent of the steam
generated is used during sootblowing for oil firing; about 2 percent for coa
firing.

c) Steamtrap and receiver |osses account for 1 to 3 percent of
gener ated steam
d) Contani nated condensate fromfuel oil heaters.

e) Steamfor steamatom zing oil burners. About 1 to 7 percent of
generated steamis required for atom zing.

10.7.3 Protection. Provide backflow preventer upstream of water
treatment, ash handling equi pnent, flue gas desul furization system and hose
bi bbs.

10. 8 Heating and Ventilating. Additional information may be obtained
from NAVFAC DM 3. 03, Heating. Ventilating, Air Conditioning, and Dehum difying

§ySt ens.

10.8.1 Heating Boiler Roonms. Heat boiler plants centrally by steam | ow
tenperature hot water, or nediumtenperature hot water, using unit heaters,
convectors, finned-tube radiation or fan coil units. Circulate hot ceiling
air to colder floor areas or boiler room Do not consider heating
contribution fromthe boiler or associ ated equi pment.

10.8.2 Ventilating Boiler Rooms. Provide adequate forced ventilation in
all areas to:

a) Mnimze heat buildup in equi pnent areas,

b) Renove airborne dust fromsolid fuel handling areas,

c) Renpve noisture buildup in wet areas,

d) Renpve noxious odors and vapors,

e) Provide reasonable confort.
10.8.2.1 Maxi mum Tenperature and Air Changes. The maxi mum tenperature
should be linited to 104 degrees F (40 degrees C) if practicable. A maximum

practicable linit on forced ventilation is 30 to 60 air changes per hour
Included in areas to be ventil ated, unless otherw se air conditioned, are:

a) Conveyer galleries,
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b) Boiler room

c) Ofices,

d) Equipnent installation and repair areas,
e) Pump wells,

f) Tunnels,

g) Toilets and washroons,

h) Locker roons,

i) Lunch roons,

j) Oher areas where personnel are expected to work or maintain
equi prent .

When tenperatures are expected to exceed 104 degrees F (40 degrees
C), the upper operating limts of all equi pnent must be carefully anal yzed.

10.8.2.2 Conmbustion Air Inlets. |In large indoor heating plants combustion
air inlet shall be taken below the plant ceiling. Preheat of the outside air
shall be as required to avoi d excessively |ow tenperatures in the air
preheaters or to the boilers. |If excessive air is drawm fromthe plant,
operator disconfort and possible freezing of piping my occur

10.8.2.3 Equi pment. Roof ventilators and/or fans must be nmultiple speed and
thernostatically controlled. These types of units are nost effective in

mai nt ai ni ng desired conditions with the | east consunption of energy. A

notori zed danper shall close when fan is not operating.

10.8.2. 4 Design. Provide means to circulate stratified heat collecting near
the ceiling to | ower |evels.

Construction of the building and boiler setting affect building air
infiltration. Considerable energy can be saved by limting air infiltration
beyond normal ventilating requirenents. The building shall be oriented,
constructed, and weatherproofed to mininmze air infiltration. The stack
effect due to density differences between air at different tenperatures should
be minimzed in winter

10.9 Drai nage. Drains which may be contam nated by coal or oil shall be
equi pped with separators to separate the contam nates from drai nage before
di scharging to the sewer. Provide drains and connect to sanitary sewer for:

a) Pump bases.
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b) Cooling water from punp stuffing boxes.

c) Sanple coolers.

d) Aftercoolers.

e) Turbine bearings and other water cool ed equi prent.

f) Blowoff pit overflows contam nated with chemi cals.
(Pretreatment may be necessary to neet requirenments of regulations in force.)

g) MWater pockets in breechings or induced draft fan housings.
h) Deaerator.

i) Condensate fans.

j) Overflows fromgravity water tanks.

k) Air washer for ash handling systems (acid contam nated). Water
fromair washer shall be piped to clarifier or decanting tank specifically
designed to renove ash which shall be trucked to a suitable disposal site and
sluice water treated and recycl ed.

) Mscellaneous boiler drains fromwater gages, safety valve drip
pans, etc.

m Floor cleaning including toilet roomand sink.

n) Coal storage, car thaw ng, conveyer tunnels. Drainage to be
pi ped to proper containnent for separating and treatnent.

0) Water treatnent facility.

10.9.1 Di ked Areas. Provide valved drains and connect to storm water

drai nage system for di ked areas for above ground oil storage. Slab inside

di ke shall be sloped to drain. Provide valved drains outside dike with freeze
protection around valve. Provisions shall be included to prevent groundwater
contani nation. The state environmental protection agency nay require an oil -
wat er separator although the reliability of the oil water separators
functioning to renove all oil traces is questionable. The nost positive spil
protection is a shut valve which is open after any oil sheen is renoved from
the entrapped water.

10. 10 Architectural Criteria

10.10.1 Qut door and I ndoor Steam Plants. In freezing climtes, the boilers
and auxiliaries shall be installed in heated enclosures. \Where climte is
mld and reasonably dry, an open-air installation with adequate personne
protection may be provided. 1In all cases, aesthetics as well as econom cs
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nmust be considered in determining costs. The savings of an open plant
installation will be appreciable to an indoor plant. Mintenance cost will
i ncrease consi derably because of equi pment and surface exposed to weat her.

10.10.2 Handi capped. Construction of room access and toilet facilities
shall satisfy the requirements for the physically handi capped.

10. 10.3 Openi ngs. Provide openings or doorways for passage of the |argest
equi prent units. Make openings for ventilation |ouvers, breechings, and
pi pi ng where necessary. Fire doors and/or fire shutters may be required.

10.10.4 El evator. Provide a freight elevator in multiple floor
installations.

10. 10.5 Qut side Fuel Storage. Grade, drain, and surface fuel storage
areas. Do not use cinder-base surfaces under coal storage.

10. 10. 6 Personnel and Parking. Furnish necessary shower room toilet room
facilities and | ockers for operating personnel for both sexes in buildings.
The plant shall contain a sanpling |aboratory space, storage area, snall
repair area, control room (in larger plants), generator room |unch room
conpressor room chem cal storage area, and office space for supervisors and
clerks. Provide parking spaces for plant personnel and visitors near the
boil er plant.

10.10.7 Equi pmrent Rooms. Room size shall provi de adequate space for

equi prent installation, maintenance, and renpval. Allow a nininmmof 4 ft
(1.22 m aisle space between equipnment, if feasible. Alow a nmininmmof 8 ft
(2.44 m of clearance between boilers with a maxi mum generating capacity
greater than 60,000 I b/hr (7.56 kg/s). Size rooms to allow for planned future
expansi on. Construct equi pnent roons with doubl e door openings and stee
supports for chain hoists to allow for equi pment renoval. Provide adequate
ventilation and heating and consi der equi pnent noi se | evel when designing the
r oons.

10. 10.8 Paint Finish. Plant interior walls and tunnels shall be painted
with a durable paint which will pernmit hose-down or scrubbing of areas.
10. 11 Structural Criteria. For data on structural criteria, refer to

para. 10.1.1 through para. 10.1.4. Structural items include but are not
l[imted to:

a) Platforns,
b) Hoi sts,

c) Boiler foundation,
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d) Stack,
e) Piping.
10.11.1 Platforms. Platfornms shall be provided as follows:

a) To provide access for operation and mai ntenance of al
equi prent and val ves nore than 8' -0" above the floor

b) At burner and burner controls which are not accessible from
gr ade.

c) At both ends of the convection section for maintenance
pur poses.

d) At danper and sootbl ower |ocations for nmaintenance purposes.
e) At all observation doors and ports.

f) At auxiliary equipnent such as fans, drivers, and air
preheaters for operating purposes.

Platforms shall have a mininumclear width as follows:
a) Operating platforms - 3'-0"

b) Maintenance platforns - 4'-0"

c) Wal kways - 2'-0"

d) A safety gate shall be provided for all |adders serving
pl atforms or | andings.

e) See, Safety Protection this Section.
10.11.2 Hoists. Refer to para. 10.12.

10.11.3 Boi | er Foundati ons

a) Provide independent foundations, where necessary, to avoid
cracking floor slabs resulting fromthermal expansion.

b) Provide expansion joints around perinmeter of foundations.

c) Separate building structural steel from boiler structura
steel .

d) Do not support building floors, platforns, stairs, etc., by
boi l er structural steel.
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10.11. 4 Speci al Considerations. For wi nd and seisnic |oads, mechanica

pi pi ng and equi prent and rel ated systens shall be anchored, braced, or guyed
(as required) to satisfy seismc zone requirenments and w t hstand nini mum
expected wind velocity including gusts for the |location of the installation
Desi gns for construction, installation, and anchorage shall give specia
attention to ensure nmini mum danage. Seisnic design shall be in accordance
wi th NAVFAC P-355, Seisnic Design for Buildings. |In the conputation

eart hquake forces for a building, its conponents and all equipnent, the

i mportance factor "I" shall be 1.5. Piping connections nust be so nade as to
preclude rupture under the npost adverse conditions expected. Pipe supports
shal | be close coupled to supporting structures when the nore severe seisnic
conditions are expected.

Protect against corrosion as a result of npoisture and acids caused
by down wi nd drafts around cooling towers, evaporative condensers, and boiler
stacks. Avoid bare alumnumwithin two nmiles (3.2 km of salt water.

Support ductwork, flue gas breeching, stacks, diesel engine
silencers, stacks, and other hot equi pnent so that contracti on and expansion
wi Il not inpose detrinental |oads and stresses on related structures.

Stacks shall be designed as foll ows:

a) Stack foundations shall totally support the stack and prevent
wi nd and seism ¢ di sturbances from collapsing or over turning the structure.

b) Take into consideration wind effects at various el evations.

c) Take into consideration vortexing effects and natura
frequenci es (harnonics) of the stack(s).

d) Protect top of stack lining against water penetration between
stack shell plate and |ining.

e) Seal all openings and connections on stacks, breechings, and
ducts to prevent air or flue gas |eakage.

f) Stacks, breechings, and ducts, mounted on concrete shall be
designed to prevent tenperatures in excess of 300 degrees F (149 degrees O
contacting concrete.

g) Connections between stacks and flue gas ducts shall not be
wel ded.

h) Stacks with floors shall be provided with a m ni num 2-inch size
dr ai n.
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i) Breeching shall have a mininumclear distance beyond the |ast
present and future convection row of 2 ft - 6 in. (0.762 n) for access and
flue gas distribution.

Structural steel shall be provided to adequately support al
nmechani cal piping and electrical conduit. Provision shall be nmade to
accommodat e expansi on, contraction and drai nage requirenments of the pipe.

10. 12 Safety Protection

10.12.1 OSHA Requirements. All Federal installations nmust conply with 29
CFR 1910, Chapter XVIIl, COccupational Safety and Health Act of 1970. Safety
requi rements including those not covered under this |aw, should be the |atest,
nost stringent standards and practices followed by industrial organizations.
Speci al attention shall be given to platforns, railings, occupational noise
exposure, means of egress, safety signs, color code and markings, fire
protection, safety relief and control valves.

10.12.2 Personnel Safety

10.12.2.1 Platforns and Stairs. Provide access platforms for operation and
mai nt enance of all equi pnent and val ves nore than 8' -O' above the floor |evel
Provi de handrails and toe guards on platforms and fl oor openings. Toe guards
shall be 2 inches high. Stairs shall be provided, where possible, in |lieu of
| adders. Landi ngs shall be provided when stair run is in excess of 12 feet
(3.66 M. Platfornms and stairs shall be constructed with abrasive treads or
nosi ng and preferably, closed risers.

10.12.2.2 Exits. Not less than two exits shall be provided from catwal ks,
platforms | onger than 10 to 15 feet (3.05 to 4.57 m), boiler aisles, floor
| evel s and the boiler plant. Energency |lighting shall be provided for al
nodes of egress.

10.12.2.3 Hoists. Provide hoists and supports for maintenance on punps, com
pressors, fans and ot her heavy equi pnent. Provide a beaminto the plant and
steel above an opening between floors to hoist |arge equipnent to an upper

| evel .

10.12.2.4 (Obstruction to Air Navigation. For data on obstruction to air
navi gation refer to M L-HDBK-1023/1, Airfield Lighting, and NAVAIR 51-50 AAA-
2, General Requirenents for Airfield Marking and Lighting.

10. 13 Fire Protection. See ML HDBK 1008/ A, Fire Protection for
Facilities Engineering, Design and Construction . The designer shall be
governed by the above Navy criteria. Where Navy criteria does not address a
particul ar subject, applicable Factory Mitual Engi neering Loss Prevention Data
Sheets and National Fire Protection Codes shall be consulted. All questions
concerning fire protection should be directed to the fire protection branch
The following fire protection itenms should be considered:
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a) Construction should be protected nonconbustible. Roofs should
be Factory Mutual Class | (see FM APG, Approval Guide) or Underwiter's
Laboratories (UL) "Fire Classified" construction, (see UL 790, Test for Fire
Resi st ance of Roof Covering Materials). |If existing structures are fire
resi stant or conbustible construction, provide automatic sprinkler protection.

b) Provide areas containing | arge anbunts of conbustibles with
automatic sprinkler protection and separate from boiler areas by a nininum of
1 hour fire rated walls.

c) Provide explosion relief panels in all spaces storing explosive
solids, liquids or gases. These areas include enclosed coal handling
facilities, dust collectors, wood preparation areas, coal bunkers or silos,
etc.

d) Standpi pes and Hose Systens: Refer to M L-HDBK-1008A. |nstal
1-1/2 inch hoses in coal facilities in accordance with NFPA 14, Standpi pe,
Hose Systens. \Where there is equi pment such as dust collectors, conveyors,
etc., on the roof, hose outlets shall be provided. Provide freeze protection

e) Provide a complete fire and evacuation al arm system throughout
facilities. Provide pull stations at exterior exits and sufficient evacuation
alarms to overcome the higher noise |evel found in power plants. Visua
alarms should be considered in high noise |evel areas. Snoke detection
systems shoul d be considered in control rooms, switch gear roons, and sinilar
electrical roonms. Al fire protection, fire and evacuati on alarm and snoke
detection systens should tie into the base fire alarmsystem Installation
shal | be in accordance with NFPA 72A, Local Protective Systenms, NFPA 72B
Auxiliary Signal Systenms, and NFPA 72D, Proprietary Signal Systens.

f) Portable fire extinguishers shall be provided throughout, be of
a type suitable for the hazard to be protected, and be in accordance with NFPA
10, Portabl e Extinguishers.

g) Provide exit and energency lights throughout. Exit signs shal
be constantly lit. Provide emergency lights in all areas of the plant,
particularly in operating areas. Use local lighting circuits which have
battery backup even if the plant has an emergency generator

h) Consider fixed extinguishing systens for all dust collection
syst ens.

i) \Where there is potentially hazardous equi pnent on the roof of
the power plant such as dust collectors or conveyors, an energency exterior
means of reaching the roof shall be included.

j) Access to the roof by stairs shall be considered where it is
necessary for plant personnel to performregular routine work on the roof.
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k) Consider all potential exposure problens caused by new
construction or additions. Solutions include blocking wi ndows, water curtains,
or separations.

10.13.1 Coal Facilities. The following itenms shall be considered in coa
facilities. It should be remenbered that the probability of a fire in a coa
facility is dependent on the type of coal used, the nmethod of storage and
conveyance, and the degree to which the coal is crushed and conditioned.

10.13.1.1 Fire Hydrants. Adequate fire hydrant protection shall be provided
for all coal piles. Consideration should be given to the long term nethods of
coal pile storage to nininize spontaneous conmbustion. Fires are generally
extingui shed by nmoving coal and conpacting, but hosing snol dering heaps may be
required.

10.13.1.2 Coal Bins. Coal bins or bunkers will require tenperature and/or CO
nonitoring for hot areas which may be conducive to spontaneous comnbustion

10.13.1.3 Conveyers. Conveyer systens shall be of nonconbustible
construction and nonconbusti bl e conveyor belts should be used. These systens
shal | be designed to minimze the chances for the accunul ati on of coal dust.

10.13.1.4 Feed Systenms. The feed systens from storage areas shall be
arranged so that the coal can be used or rotated regularly to decrease the
chances for spontaneous conbusti on.

10.13.1.5 Enptying Capability. All bins and bunkers shall be capabl e of
being easily enptied to a renpte site in the event of a fire.

10.13.1.6 COy Protection. Carbon dioxide protection shall be considered for
all bunkers, Dbins, and silos.

10.13.1.7 Automatic Extinguishing. Areas requiring automatic, sem -automatic
or manual extinguishing systens include emergency generator areas, coa

unl oadi ng, crusher housing, plant control centers, flue gas baghouse and front
areas of oil fired boilers.

10.13.1.8 Operation. Coal handling procedures shall work on First In First
Qut principle.

10.13.1.9 Horizontal Surfaces. To the maxi num extent possible, the interior
design of the plant shall mnimze horizontal surfaces on which coal dust
m ght col | ect.

10. 14 Electrical Criteria. Electrical service shall be in accordance
with ML-HDBK-1004/4, Electrical Uilization Systens. Power and |ighting
shall be provided to all structures, stairs, platfornms, tunnels, conveyers and
areas of access or requiring maintenance. Lighting shall be provided for
night-time coal yard operations, fuel unloading, handling and storage
operations, parking areas and peripheral security around the outside of the
facility.
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10.14.1 Receptacles. Receptacles shall be provided at reasonable intervals
(not nore than 25 ft (7.62 m) in tunnels, along conveyers, on colums, around
peri pheral walls, at equi pnent and in areas requiring maintenance, for
tenmporary lights and portable tools.

10.14.2 Power Factor. Mtors and |ights shall be power factor corrected.

10.14.2.1 Ratings. The selection of notor controllers, either manual or
magnetic, nust include both current and voltage ratings. The controller mnust

be rated either in horsepower or both full-load and | ocked rotor current
val ues suitable for the application. Provide overload relays with heaters
sel ected according to the full-load current rating of the nmotor. \Were fuses

are used for short-circuit protection, provide overload protection in each
phase of the notor circuit.

10.14.2.2 Magnetic Controllers. Wen selecting nagnetic notor controllers,
consi deration nmust al so be given to the associ ated device for short-circuit
protection. Use a conbination controller and fused switch, comnbination
controller and circuit breaker, or a controller and fuse and circuit breaker
conmbi nati on. Select the conbination that is suited for the type of use and
that will protect the branch circuit wiring and the starter from damage due to
short circuits.

10.14.2.3 Modifications. Wen selecting a controller, consider the
requi rements of nodifications of the basic device. Swtchgear, transforners
and rel ated equi pnment shall be installed with neans of future expansion.

10.14.3 Mot or Control s

10.14.3.1 Criteria. Additional criteria for selection of nptor controllers
and notor control centers are contained in NEMA No.|C-1, Standards of
I ndustrial Controls, and in M L-HDBK-1004/3, Swi tchgear and Rel ayi ng.

10.14.3.2 Protection. The let-through energy fromcircuit breakers may
exceed the short tine rating of sone notor starters. Therefore, the interrupt
rating of the conbination starter may not be the same as the breaker al one.
Choose fuses which permit the required notor accelerating times and the
necessary short circuit protection. Refer to M L-HDBK-1004/3 for protective
devices and methods of limiting short circuit currents. Check manufacturer
data for conbination starters and fuse ratings.

10.14.3.3 Enclosures. Select the enclosures suitable for the application
requi rements in accordance with the ratings given in NEMA No. IC 1, and
NEMA | CS70, National Electrical Code. Refer to Table 25.
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Tabl e 25
St andard Motor Control Encl osures

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

NEMA Cl assifications Comment s
/))%))))z))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))l
* lype L
* General purpose A sheet netal case designed primarily *
> to protect against accidental contact >
* with the control nechani sm *
* Type 1: >
* Gasket ed The general purpose enclosure with >
* gasketed door or cover. >
* Type 2: *
> Drip tight Similar to Type 1 with the addition of =
> drip shields or the equival ent. >
* Type 3: *
> Weat her - resi st ant Designed to provide protection against =
> weat her hazards such as rain and sleet. =*
* Type 4: >
> Waterti ght Designed to neet the hose test >
> described in NEMA Definition IC1.2.6B. =
> Type 7: >
* Hazar dous | ocations, Cass 1, *
* Ai r br eak. *
* Type 9: *
* Hazardous | ocations, C ass 2, >
> Goups F & G Encl osures designed to neet application =
> requirements of the NEC for the *
* Type 9-C i ndi cated specific classes of hazardous *
> Hazar dous Locations, G oup 2 | ocati ons. >
* G oup E. *
* Type 12: *
> I ndustrial use A sheet nmetal case designed with wel ded *
* corners and no knockouts to neet the *
* Joi nt Industry Conference standards for =
* use where it is desirable to exclude *
* dust, lint, fibers and filings, and oil =

or cool ant seepage.
-223333333333333333333313133333331313131331313131313133333131313131333331313111I3XX101IIIIXIX)))-

10.14.3.4 Standard Mdotor Control Centers. The classes are designated by NEMA
Standard No. I G|l on the basis of function and further subdivided into types
on the basis of wiring type. Select the application control center
considering first, the class and the specific type within that class.
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10.14. 4 Tel ephones. Furnish tel ephone outlets in boiler control board
areas, punp roons, offices and outside in fuel storage and handling areas.

10.14.5 Enmergency Lighting. Provide dual headed battery operated emergency
lights at strategic operational |ocations such as panel boards, nmotor contro
centers, nonitoring stations, gauges, platfornms, stairs, catwal ks, etc.
Battery operated exit lights shall be installed indicating the direction
toward and above the exit door. Lighting to be installed in accordance with
M L- HDBK- 1004/ 4.

10.14.6 St andby Power Ceneration System Standby el ectrical power
generation is required for all coal fired plants, in large oil- or gas-fired
pl ants or where continuous service is essential. |In small oil- or gas-fired
pl ants where a short-term heat generation failure can be tol erated, standby

el ectrical power generation may not required. In this case a survey shall be
made to determine if the |local electrical utility conpany can reliably supply
the facility's electrical needs. A determination shall be made as to whether
they can adequately provide power within the tol erable outage tinme of the
heating plant. |f power cannot be reasonably expected within this time frane,
standby el ectrical power generation is required.

10.14.6.1 Type of Unit. Units below 25 kW can be air-cooled or water-cool ed.
Units larger than 25 kWnust be water-cooled with closed water systens. Fue
consunption for an air cooled unit i's approximately 20 percent nore than for a
water cooled unit. Units shall be equipped with crankcase heaters and water
jacket heaters in cold climtes.

10.14.6.2 Energency Cenerator Fuel. Stock a four day supply of diesel oil
This can be acconplished with a small tank (2-hour supply) near the engine and
a larger tank outside the building with means of automatically filling the
smal | tank. Indoor storage of fuel is limted to conply with the requirenments

of the NFPA National Fire Codes. Propane gas can be used if justified.
Gasol ine may only be used for portable enmergency generators to be used
out door s.

10.14.6.3 Installation. Install emergency generators in separate sound
attenuating room encl osure or building with adequate heating to prevent
condensation of moisture in roomat freezing tenperatures. Suggested m ni mum
roomtenperature is 55 degrees F (12.8 degrees C). Adequate forced
ventilation with notorized danpers shall linmt tenperatures of roomto
reasonable working limts. Refer to para. 10.15.3. Ducting that is required
to prevent cold roomtenmperatures when the unit is running shall be provided
along with notorized danpers controlled by engine tenperature. All electrica
equi pment in the roomshall be connected to both normal and standby power.

10.14.6.4 Operation. 1In the event of a power failure, the energency operator
shal | automatically start and transfer |oad buses. Enmergency |ighting and
smal | equi pnent shall be automatically switched to the energency generator
Maj or equi prent shall be sequenced or be on a timer to start or be manual ly
started fromthe control room Plants too small for a control room can have
equi prent automatically started or |ocal manual start.
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10.14.7 I nt erconmuni cation System In multilevel and in multibuilding
pl ants, an interconmunication system shall be consi dered.

10.14.8 Hazardous Duty Rating. Lighting fixtures, swi tches, and other
equi prent likely to be in dust-laden areas shoul d have appropriate hazardous
duty rating as listed in ANSI/NFPA 70, National Electric Code.

10. 15 | npr ovenent and Moderni zati on

10.15.1 Bui l dings. Inprove and or nodify buildings to conformto nodern
requi rements for safety. Conformto |atest OSHA requirenents and regul ations.

10.15.2 Boilers. General nmmintenance of boilers, such as rebricking and
repl aci ng tubes, shall be acconplished as required to bring boilers into
first-class operating condition.

10.15.3 Heating and Ventilation. Enclosed boiler roons and adj acent

rel ated spaces shall be adequately heated. Automatic thernmostatic controls
shoul d be installed. Ventilation systems shall be nodified, or provided as
required, for good ventilation. Mechanical supply and exhaust systemis
required to provide adequate heated conbustion and tenpered ventilation air
and to linmit the maxi numroom tenperature in the sunmer to 104 degrees F (40
degrees C) if practicable.

10.15. 4 Fuel . Central heating plant boilers shall be equi pped for dua
fuel operation in accordance with M L-HDBK-1190. Plants presently operating
on a single fuel shall be provided with alternate fuel capabilities. For
exanpl e, plants using oil as the primary fuel should be equipped wth

conmbi nati on gas-oil burners where gas is available, with the gas utilized as
the secondary fuel. In sone instances, oil storage and transfer facilities
may be necessary to serve secondary fuel to plants operating on gas or coal
In selecting an alternate fuel, also consider problenms of transportation and
distribution during fuel nobilization. Fans, breeching and stacks shall be
nodi fied as required to suit the alternate fuel as well as the primary fuel

10. 15.5 Fuel Storage. Storage shall be provided as required in para.
5.4.1.3, 5.4.2.1, and 5.4.4. Storage capacity should not be dimnished for
back up fuel when dual fuels are used.

10.15.6 Coal Handling. Manual coal -handling facilities shall be mechanized
and inproved to provide nore efficient and automatic operation. The equi pnent
includes truck or railroad car hoppers, bucket elevators, storage silos, and
st okers.
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10.15.7 Ash Handling. Ash-handling facilities shall be nechanized and
i mproved to nmeet nodern standards where required. Plants shall be provided
with conpl etely nechani zed pneumatic or nmechani cal ash conveyi ng systens.

10.15.8 Water Treatnent. Boiler water treatment is required in all plants.
Untreated raw water will cause scal e deposits and cause general corrosion of
the boiler water side. Provide adequate nmeans to anal yze feed and boil er

wat er conditions and install adequate water treatment equiprent.

10. 15.9 Conbustion Controls. |Include all necessary equi pnent to
automatically control steam pressure or HTWtenperature, water level, fue
conmbustion, air flow, etc. of steam hot water, and HTWboilers. Steam
pressure or HTWtenperature shall be maintained by automatic nodul ati on of
fuel input. The proper fuel-air ratio is maintained by automatic nodul ation
of the air flow fromthe forced draft fan. The automatic control of the
furnace draft pressure is provided by nodul ation of induced draft fan speed
and inlet danmper. The above controls shall include a renmpte nmeans of manual
adj ustment al ong with the panel indicator, to show the extent of adjustnents.
Combustion controls shall conform in general, to ML-HDBK 1003/12, Boiler
Contral s.

10. 15. 10 Safety Controls. These controls are of prine inportance in al
heating plants. Where onissions or other deficiencies exist, steps shall be
taken to correct, update, or nodify the controls to perform adequately and to
nmeet safety standards. Boiler controls shall meet the m ninumrequirenments
per the nost recent ANSI/ASME CSD-1, Control and Safety Devices for
Automatically Fired Boiler, and NFPA 85 series. Were |local or state codes
differ fromthe ANSI/ASME and NFPA codes the nore stringent code requirements
shal |l prevail. The safety devices shall operate to shutoff the fuel supply to
the burners in the event of any of the follow ng mal functions:

a) Flane failure,

b) Low water |evel

c) High steamor HTW pressure,

d) Low fuel pressure (oil or gas),

e) High gas pressure,

f) Low oil tenperature,

g) Loss of forced or induced draft fans.

Saf ety shutoff valve shall be manual reset type, and shall not be
operable until all limt controls are in the safe position. Sequence

interlocks for start-up and stop shall also be provided. Al so provide
annunci ator alarms to respond to any safety shut down.
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10.15.11 Instrunents. Supervisory instrunments shall be nounted on contro
boards in coordi nated groupi ngs per ML-HDBK 1003/12. Integrating and

i ndicating type oil and gas flow nmeters shall be provided for accurate
determ nati on of fuel consunption during any given period.

10.15.12 Air Pollution. Flue gas particulate control shall be installed in
coal -fired plants, between the boilers and induced draft fans. They shall be
hi gh efficiency nulti-cyclone, fabric filter baghouse or electrostatic

preci pitator or conbination of the above, as required to neet the air
pollution regulations in effect at the plant site. Also refer to Section 6.

10. 16 Seismic Design Criteria. Central heating plants shall be designed
in accordance with NAVFAC P- 355, and NAVFAC P-355.1, Seisnic Design Guidelines

for Essential Buildings.

10. 17 Metering Locations. Meters shall be required on fuel lines,

el ectrical and water service to the buildings and to boilers in the building.
St eam out put netering of the header and at each steam generator shall be
provi ded for periodic reports and testing.
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