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SUMMARY

This report presents the results of a preliminaryassessmentof

opportunitiesfor improvementat the U.S. Marine Corps (USMC)Quantico,

Virginia,Central Heating Plant (CHP). This study is part of a program

intendedto provide the CHP staff with a computerizedArtificial Intelligence

(AI) decision support system that will assist in a more efficient, reliable,

and safe operationof their plant.

As part of the effort to provide thu AI decision supportsystem, a team

of six scientistsand engineersfrom the PacificNorthwestLaboratory (PNL)(a)

visitedthe plant to characterizethe conditionsand environmentof the CHP.

This assessmentresulted in a list of potentialperformanceimprovement

opportunitiesat the C',.IP.In this report, 12 of these opportunitiesare

discussedand qualitativelyanalyzed. Sufficientdata we_'enot availableto

establisha performancebaselinefrom which a quantitativeanalysiscould be

performed.

The 12 major CHP problemsdiscussed in this report are

• boiler efficiency is less than possible

• boilersare not controlledadequatelyto minimize corrosion,stress,
and damage

• water chemistry is maintained inadequately

• fuel handling and de3ivery systems are unreliable

• ash handling system is unreliable

• componentsare not adequatelymaintained

• fuel is not selected 'tooptimize economicplant performance

• condensatereturn is lower than possible

• load management is not optimal

• plant staff and contractorswork in unsafe situations

(a) PNL is operated for the U.S. Departmentof Energy by BattelleMemorial
Instituteunder Contract DE-ACO6-76RLO1830.

iii



• recordkeepingis inaccurateand incomplete

• workforceis not used as effectivelyor efficientlyas possible.

For each of the 12 problems,the potentialeconomic,safety, and

reliabilityimpactsof solvingthe problemswere examined and evaluated. Two

principalconclusionswere drawn from this assessment:

• many improvementopportunitiesexist at the QuanticoCHP to improve
the efficiency,reliability,and safety of the plant

• a baselinestudy is requiredto measure the actualquantitative
benefitsof implementingan AI decision supportsystem at Quantico.
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1.0 INTRODUCTION

This report presents the results of a preliminaryassessmentof oppor-

tunities for improvementin the Central Heating Plant (CHP) at the U.S. Marine

Corps (USMC) Combat DevelopmentCommand at Quantico,Virginia. This study is

part of a projectconductedby Pacific NorthwestLaboratory(PNL). lt is

intendedfor the developmentof a computerizeddecision support system that

will assist CHP staff in operatingand maintainingthe plant illa safer,more

reliable,and efficientmanner. This work is the third of five tasks 'inPhase

I of the project. The two precedingtasks involvedselectingthe site from a

number of candidateUSMC installations(the Site Selectiontask) and charac-

terizingthe site (the Site Characterizationtask). Data gathered during the

site characterizationvisits to Quantico,togetherwith informationon

industryexperiencefrom the literature,were used as the basis for this

assessment.

1.1 APPROACH

The originalobjectiveof this value-impactstudy was to quantitatively

assess opportunitiesfor improvementat the CHP that were identifiedin the

CentralHeating Plant Site CharacterizationReport (SCR) (PacificNorthwest

Laboratory19g0). However, sufficientdata were not availableto establisha

CliPperformancebaseline. The performancebaselinewould quantitativelychar-

acterize the presentefficiency,costs, reliability,and other operatingcon-

ditions of the CHP. Withouta baseline,performanceimprovementscannot be

measured and are difficultto estimate. Therefore,only a qualitativestudy

was done at this time. Consequently,this value-impactreport can be used

only to guide projectdecisionsand help judge their potentialimpacts_

Based on the site visits to Quantico.,12 major problemswere identified.

These 12 problems,displayed in Table 1.1.,representimprovementopportunities

and are discussed and analyzed in this report. These opportunitiesdiffer irl

complexityand involvea number of differentareas of the physical plant.

Implementationof the DecisionSupport System for Operationand Maintenance

(DSSOM)will help solve a selectedset of these problems. Which problems,and

1.1
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TABLE 1.1. Major Quantico CHP Problems

i. Boiler efficiency is less than possible.

2. Boilers are not controlledadequatelyto minimize corrosion,
stress, and damage.

3. Water chemistryis maintained inadequately.

4. Fuel handling and delivery systems are unreliable.

5. Ash handling system is unreliable.

6. Components are not adequatelymaintained.

7. Fuel is not selectedto optimize plant economic performance.

8. Condensate return is lower than possible.

9. Load management is not optimal.

10. Plant staff and contractorswork in unsafe situations.

11. Recordkeepingis inaccurateand incomplete.

12. Labor 'isnot used as effectivelyor efficientlyas possible.

the precise impacts their solutionswill have, cannot be determinedat this

time becausethe DSSOM solutionhas not yet been defined. Therefore,the

potentialqualitativeimpactsare examined in this report,with supporting

quantitativeinformationprovidedwhere possible.

For each of the 12 problems,the potentialeconomic,safety, and reli-

ability impactsof solvingthe problem were examined and evaluated. The

economic implicationsconsideredincludethe direct monetary costs at the CHP,

such as the cost of fuel, water, chemicals,repairs, overtime labor, , _re

parts inventory,and equipmentreplacement. The safety impactsconsidered

includethe risk of accidentalinjury or death to onsite CHP and contractor

personnel. The reliabilityassessmentsaddress the ability of the CHP to meet

the steam load of the Quanticobase. The reliabilityimpacts do not have a

direct economic or monetary effect on the CHP but, of course, may and probably
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do have such effects on the rest of Quanticoo The monetary value of CHP steam

to the rest of Quantico and the economicimpacts of increasedreliabilitywere

not determined in this study.

1.2 REPORT OVERVIEW

Section 2.0 contains brief descriptionsof the major s,'/stemsin the

Quantico CHP (e.g.,fuel supply system,boilers, and ash handlingsystem).

Furtherdetails of these systemsare containedin the SCR report. Section3.0

discusseseach of the 12 major system problems separately, In each of these

discussions,a brief descriptionof the problem is followedby a presentation

of the improvementopportunitiesassociatedwith solvingthe problem. The

impactsof each improvementopportunityon plant economics,safety,and reli-

abilityare discussedin this presentation. Section 4.0 presentsthe conclu-

sions and recommendationsobtained from this study.

L
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2.0 FACILITYDESCRIPTION

The Quantico CHP provides steam to all users connectedto the Quantico

central steam distributionsystem. The base has 1,384 buildingsin which over

14,000 people work during the daytime. The steam distributionsystemcom-

prises 22 miles of steam lines. The distributedsteam is used for space

heating in buildings,in steam tables in mess halls, in the hospital,in air

hangars, for an onsite laundry, and other applications. The total steam load

varies from about 40,000 Ib/h in the summer to 125,000 Ib/h at times during

the winter. During the summer,one boiler can meet the load; in winter, at

least two boilers are required.

The plant is operatedby approximately30 staff members includingplant

administrators,operators,and maintenancestaff. The knowledgeand training

of the staff varies widely.

The CHP (see Figure 2.1) consists of six boilers; two (BoilerNos. 4

and 5) are condemnedand inoperable. The remainingfour boilers range ini

steam productioncapacityfrom 50,000 Ib/h (BoilerNos. I and 2) to

120,000Ib/h (BoilerNo. 6). All of the operableboilels have been fitted to

burn either pulverizedcoal or fuel oil.

Major systemsin the plant includethe followingsystems"

• feedwater
® condensate
• water purification
• chemical addition
• deaeration
• steam generation
• oil handling
• gas pilot
• coal handling
• ash handling
• emissioncontrol
• compressedair
• electrical
• control.

These systems are described in Section4.0 and Appendix A of the SCR (Pacific

Northwest Laboratory1990).

2.1
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3.0 ___PPQ_TUN ITIES.

Opportunitiesfor improvementto the QuanticoCentralHeating Plant are

documented'inthis section. The opportunitiesstem from 12 major problems

abstractedfrom observationsand events documentedearlier in the Site Charac-

terizationRepGrt (PacificNorthwestLaboratory1990).

In Sections3.1 through3.i2, each of the problems is brieflydescribed.

The improvementopportunitiesassociatedwith each problem are ther_discussed

with respectto three principal areas of impact: economics,safety,and

reliability(,_,se)propriatefor each problem). In Section3.13, we briefly

discuss interactionsamong improve-.,_.ntopportunities.

3.I B.Q__LEREFF!CIENCy

The PNL team found that boiler efficiencyat the plant is lower than

possible.

3.1.1 P__ption/EvidencR

Boiler efficiency;s key to an efficientlyoperatingsteam power plant.

The efficiencyof an individualboiler is the ratio of the energy actua"tly

used to produce steam (i.e., to raise the temperatureof the feedwaterto the

boilingpoint and then vaporize the water) to the energy content of the fuel

consumedby the boiler in producingthat steam. Referringto Figure 3,1, the

averageboiler efficiency (n) over some time interval is given by the relation

msteam [hsteam" hfeedwater]
n = (3.1)

refuelHHVfuel

where msteam = mass of steam producedduring the selected time interval
(e.g., in Ibm)

mfue] = mass of fuel consumedduring the time interval (e.g., in 'Ibm
of coal)

hsteam = specificenthalpyof saturatedsteam at the steam drum
pressure (e.g., in Btu/Ibm)
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hfeedwater = specificenthalpyof liquidwaterat thetemperatureof
the feedwaterenteringthe steamdrum (e.g.,in Btu/Ibm)

HHVfuel- higherheatingvalueof the fuel (e.go,in Btu/Ibmof coal).

Neithertotalcumulativesteamproductionby the plantnor cumulative

steamproductionby the individualboilersis currentlymeasuredand recorded

at the QuanticoCHP. However,onceeach hour,the plantoperatorrecordsin

the operator'slog the steamflow ratefor each boilerin operation.The

operatordeterminesthe steamflowrate by multiplyingthe boilercapacityby

the percentageof capacityshownon the controlpanel. Thisinstantaneous

measurementcan be usedas an estimateof msteam for thathour. The steam

productionoverseveralhoursor for a day can be estimatedby addingthese
instantaneousmeasurements.

Measuredfuelconsumptionis recordedin the operator'slog and can be

usedto determinemfuel. For fueloil, a readingis recordedonceeach hour

in the operator'slog. Therefore,by takingthe differencebetweenthe fuel

oil readingsat the end and beginninguf a period,the totalamountof fuel

:3.2
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oil consumed can be determined. Even if the reading is not recordedat the

same time every hour (and, therefore,the time incrementsbetweenreadings are

not preciselyI hour) the error introducedshouldbe relativelysmall over a

several-hourtime inLerval.

For coal, the scales are read during the first hour of each shift; the

scales provide a measureof the cumulativecoal input to the ball mills in

pounds. The coal consumptionduring any specific shift can be determinedby

taking the differencebetweenthe readingat the beginningof the next shift

and the readingat the beginningof the shift of interest. The coalconsumed

during a day can be determinedsimilarlyby using the readings at the

beginningof each day.

Gas is used as fuel for the pilots in all boilersat the QuanticoCliP.

Gas meter readings are recordedduring the first hour of each shift. As tor

coal, the total gas consumedcan be estimatedby taking the difference betweenL

-' readings at the beginningof two shifts. The energy content of the gas

consumedduring proper operationof the boilers at Quantico is so small (less

than I% of total CHP fuel consumptionin fiscal year 1989 [.FY89])that it has

a negligible impacton the estimatedboiler efficiencyand, therefore,can be

neglectedwithout introducingmeasurableerrors.

The enthalpiesof the feedwaterand the steam are functionsof tempera-

ture and pressure. When the boilersare operatingproperly,a steam pressure

of approximately120 psi is maintained. At this pressure,the:specific

enthalpy of'the saturatedsteam produced,hsteam, is 1191 Btu/Ibm (VanWylen

" and Sonntag 1973). Feedwaterdeliveredto the boiler from the deaeratoris

at approximately240°F. The specificenthalpyof saturatedliquid water

at this temperature(whichcorrespondsto a pressureof about 25 psi) is

208.5 Btu/Ibm, which can be used as an estimateof hfeedwater. The actualz

feedwaterpressure is not measured;however, enthalpy is very weakly dependent

on pressure for liquid water, so that only negligibleerrorscan result from

not knowingthe pressure.

The heatingvalues of the fuels must be estimated. Fuel analysesgiving

the higher heatingvalue (HHV) accompanyeach shipmentof coal and are

retained in plant files. The PNL team used the heating values from the last
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few coal shipments'toestimatea value for HHV. For No. 6 fuel oil and

naturalgas, we have usedthe values provided by the Quantico CHP. The

estimatedheating values are displayed in Table 3.1.

Using data from the operator'slog for selecteddays betweenAugust 19

and December 13, 1989, we estimatedthe daily efficiencyof each boiler for

each fuel burned. The resultsare displayed in Table 3.2.

I; _stry experience shows that 'theaverageefficienciesfor industrial

boilersof this approximatesize are 83% to 87% for pulverizedcoal-fired

boilersand 82% to 85% for No. 6 fuel oil fueled boilers. Maximum attainable

efficienciesfor these boilers are 89% to 90% (Payne 1989).

When comparingthe calculatedefficienciesto the maximum ,_ttainable

efficiencies,in many cases, the boilers appear to operatevery efficiently

when burningcoal (in some cases well above the maximumattainable effi-

ciency). However, this is not consistentwith the observedcondition of the

boilers. The PNL team observed significantslag on boiler tubes. In

addition,boilers frequentlytripped during operation,and stack gas temper-

atureswe'llabove the normal operating range were observed. These and other

TABLE 3.1. EstimatedHeating Values of Fuels

Fuel Hiqher HeatinqValue (HHV_

Coal 14,600Btu/lbm

No. 6 Fuel Oil 149,700Btu/gel

Natural Gas 1,031 Btu/SCF

TABLE 3.2. Calculated Boiler Efficiencies

Number of
Fuel. Boiler No. _....Days Efficiency___%

Coal i 5 87-95

2 5 93-101

3 5 70-87

6 5 83.-93

Oil 3 4 65-72

3°4



observed conditionstend to lower boiler efficiencieswell below the maximum

efficiencyattainable. Therefore, ',.was concludedthat the calculatedvalues

must be in error.

The greatest error in the estimatedefficienciesis probably attribut-

able to the estimate of the cumulativesteam produced,msteam,or errors in

steam flow rate measurement. We have estimatedmsteam from the values of

steam productionrate recorded once per hour. However, based on observations

in the control room, the operatorsgenerallydo not record the steam produc-

tion rate during a trip when it is low; they concentrateon correctingthe

trip and monitoringthe boiler as it comes back on line (as they should).

Consequently,the hourly recordingsoverestimatethe cumulativesteam pro-

duced, leadingto overestimatesof the boiler efficiency. An overestimateof

msteam by 20% would result in a calculatedefficiencyof 90% ICapproximately

the maximum attainableefficiency)for a boiler having an actualefficiency of

75% (well below the average).

The estimatedefficiencyof Boiler No. 3 (65% to 72%), is well below the

average (83% to 87%) for oil-firedboilersof this size. These resultsare

much closer to our expectationsbased on the observed conditionof the plant.

However, if trips occur ,justas frequentlywhile burningoil as they do with

coal (whichwe do not have data to confirm),these estimatedefficiencies

would also be concludedto be high, thus indicatingan enormouspotentialfor

efficiencyimprovement.

Numerous other factorscould contributeto errors in the calculated

efficiencies. Any measurementthat dependsorJa device thai.is not regularly

calibratedis placed under suspicion. The fuel consumptions,the pressure of

the steam produced,and the temperatureof the feedwaterupon which these

calculationsdepend could all be in error. The result is that no credible

baseline efficiencyfor the individualboilersor the overallplant can be

establishedupon which to base estimatesof the potentialfor improvement;

only speculationcan be made.
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_.I.2 !mprovement_O])po_tunities

This sectionfocuseson the economic impactsof efficiencyincreases.

Safety and reliabilityhave no direct relationto plant efficiencyand are r,ot

assessed in this section. L,

The current plant and boiler efficienciescannot be establishedusing

availabledata. However, several observationsat the Quantico plant lead us

to estimate that a fuel savingsof at least severalpercentagesis possible

through improvedboiler operation,control, and maintenance:

• Excess air was controlledinconsistently,indicatingthat combus-
tion and boiler temperaturewere not controlledcarefullyenough to
maximize efficiency. Excess air is providedto ensure adequate
combustion. A too-highexcess air level reduces the effectiveness
of heat transfer to the boiler tubes and increasesstack losses.
Operationat minimum excess air levels of 3% to 15% for oil firing
and 20% to 30% for pulverizedcoal are typical (Payne 1989). For a
stack gas temperatureof 500°F,boiler efficiency increasesby
approximately0.076% for each I% decrease in excess air.

• Stack gas temperatureswere above the value prescribed (approximately
600°F,accnrdingto one operator)for initiatingsoot blowing, indi-
cating poor heat transfer to the boiler tubes and excessiveheat loss
with the stack gas. A high stack gas temperatureindicatesthat less
heat is being e^tractedbefore the gas is lost up the stack. For
example, 'Fora boiler operatingwith 20% excess air, each 40°Freduc-.
tion in stack gas temperatureresults i_ a I% increase in efficiency
(Payne 1989).

• Excessiveslag, which inhibitsheat transfer from the hot gases in the
boiler to the boiler tubes, was presenton the tubes. This condition
would contributeto high stack gas temperaturesand might resultfrom
nonoptimalsoot blowing practices. Other conditionsthat could con-
tribute to fuel-sidedeposits includepoor firing conditions(e.g., low
excess air or improper burner adjustment),improperlocationof the
soot blowers,improper fuel oil burning temperatur_(for oil firing),
coal ash foulingproperties,and improperlypulverizedcoal particle
sizes from impropermill adjustments.

® The water level in the steam drum varied considerably,affectingthe
convectiveloop on the water side of the boiler tubes and, thus,
decreasing heat transfer to the water and steam production. These
variationsalso resulted in numerousboiler trips.

Correctingthese problems by providingbetter real-timeboiler control

and periodicallychecking,adjusting,cleaning,and generallymaintainingthe
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boilerand auxiliaryequipmentwould improveboiler efficiencyand decrease

fue_ costs. The estimatedpotentialannual savings on expendituresfor fuel

oil and coal, based on FV89 use, are displayed in Figures3.2 and 3.3 (for

initialboiler efficienciesof 60% and 75%, respectively),together with

annual savings if only coal were burned. These estimatesare based on FY89

fuel prices and do not account for expected increasesin fuel price_ in the

future. The percentage increasesin efficiencyare expressedas a percentage

of 100% rather than on the current efficiency,which is unknown. For example,

if the current efficiencywere 60% (see Figure 3_2), an 8% increase in

efficiencyto 68% would result in a savings of about $368,000/yearon No. 6

fuel oil and $45,000/yearon coal. If all coal were burned, an increaseof 8%

in the boiler efficiencywould result in a savings of about $145,000/year.

I,O00,O00

Current Efficiency = 60°1o
Fuel Oil

800,000

.._
(_ 600,000co

c--

<

400,000
Ali Coal

E

t.U
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0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Efficiency Increase, %

FIGURE 3.2. EstimatedAnnual Fuel Savings as a Functionof Percentage
Increase in Boiler Efficiencyfor an InitialEfficiency
of 60%
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EIGU_RF_3.3.EstimatedAnnual Fuel Savingsas a Function of Percentage
Increasein Boiler Efficiencyfor an InitialEfficiency
of 75_

3.2 B_LER. CONTROL,

Boiler corrosionand stress result from a number of physical phenomena

and lead to shorter boiler lifetimesand lower thermalefficiencies. Stress

is caused by thermal shock resultingfrom sudden large-temperaturechanges,

thermal stress associatedwith the alternateheatingand cooling of equipment

(i.e.,thermal cycling),mechanicalstress, and pressurevariations. Proper

boiler control minimizesthese sources of stress and leads to longer equipment
lifetimes.

Stresses associatedwith equipmentcycling can significantlyreduce

equipmentlifetimes. The utility industryhas experienceddamaging residual

stressesand plastic deformationsin boilers from thermal shocks and accel-

erated creep From over-temperatureexcursions. This damage has been suffi-

cient to reduce creep "lifeby 50% (Schiebel1985).

3.8
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Of the variousboiler components,the boiler tubes are the most sus-

ceptibleto damage from corrosion. In the electric utility industry,tube

failure is the most significantcause of plant unavailability(EPRI 1980).

Corrosioncan result from slag (moltenash) forming on the fire side of boiler

tubes, which inhibitsheat transfer as weil. Corrosionon the water side of

the boiler tubes resultsfrom improperwater chemistry (see Section3.3). In

order of frequencyof occurrence,the most prevalenttube failuremechanisms

are I) wall thinningby firesideerosion and corrosion, 2) water-sidecorro-

sion and hydrogendamage, 3) stress, a_d 4) overheating,which causes changes

in tube metallurgy(EPRI 1980). Tube failures first appear as leaks, which

may go undetected. Continueddegradationof tubes can lead to catastrophic

failure in which tubes melt; allowingthe risk of a potentialboiler explosion
to exist.

Corrosioncan also occur at the air preheater. Low temperaturesat the

exit of the air preheatercan cause condensationof water vapor. Sulfur

trioxide in stack gas combineswith the moisture to form sulfuric acid, which

attacksthe preheatersurfaces.

Fire-sidecorrosionfrom slag is generallyassociatedwith coal burning.

Oil has a very low ash content, 0.2% or less, but can also present a signifi-

cant corrosionproblem (Babcock& Wilcox 1972, pp. 15-24). Liquid sulfates

and vanadatesin oil ash deposits cause foulingand corrosion(EPRI 1987).

The presence of sodium greatlyescalatesthe problemby decreasingthe minimum

metal temperatureat which corrosionbecomessignificant(Babcock& Wilcox

1972, p. 15-23).

3.2.1 ProblemDescription__/Evidence

Severalobservationsby the PNL team during visits to the QuanticoCHP

indi.ateconditionsthat could lead to acceleratedcorrosionand stress:

° Frequentboiler trips thermallycycle the equipmentand can produce
thermalshock.

° Large variationsin steam-drumlevel affectconvective flow through the
boiler tubes and present the danger of uncoveringthe tubes.

3.9



• Excess slag on the fire side of the boiler tubes indicatesthe potential
for increasedcorrosion.

• Boiler No. 3 had a visiblewater leak.

3.2.2 !_mprovementOpportuni.ties

Boiler corrosionand damage from impropercontrol affectsplant eco-

nomics in three primaryways: I) decreasedefficiencyresultingfrom heat

transferdegradation,2) higher componentfailurerates and correspondingly

increasedmaintenanceand repair costs, and 3) increasedcostsassociated with

more frequentequipmentreplacement(because of corrosionand stress)cause

prematurefailureof components. Better controlwould lead to higher effi-

ciency (and lower fuel costs), lower maintenanceand repair costs, and longer

equipment Iifetimes.

Reliabilityis also affected by inadequateboiler uontrol. As equipment

degrades from excessivecorrosionand stress,the reliabilityof the plant

decreasesmore rapidlythan ordinarily expected. In additionto being a

direct indicatorof poor operation,the frequencyand severityof trips are

obvious indicatorsof poor reliability. Another indicatorof changes in

reliabilityis the amount of unscheduleddowntime for repairsand component

replacements. Increasesin downtime indicatea decrease in reliabilityof the

boilers, even when the overall plant can meet the demand for steam. Acceler-

ated degradationmay eventuallylead to boiler failuresrequiringmajor boiler

refurbishmentand, ultimately,to an inabilityto meet the demand for steam at

Quantico.

In addition to affectingplant economicsand reliability,inadequate

boiler control has detrimentalimpactson safety at the plant. More frequent

boiler startupsand shutdowns put plant staff at a greater risk. The proba-

bility of a problem occurringincreasesduring transientoperation. In the

worst-case scenario (e.g.,if the steam drum were to boil down and the boiler

tubes became uncovered),the boiler tubes might melt, possiblycausingthe

boiler to explode. The result of such a catastrophicfailurecould be injury

to plant staff and possibledeaths.
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Improvementsin boiler operationand controlwould have significant

immediateimpactson all three areas of plant performance. Neglectingthe

need to improveplant controlcould lead to catastrophicproblemsranging from

significantlyincreasedcosts and insufficientsteam supply to accidents

causing injury or death of plant staff.

3.3 _

A boiler water treatmentprogram should have the followingthree

objectives(Wieman and Marks 1986):

• to preventdeposits and scale
• to controlcorrosionof metals
• to preventboiler water carryover.

One of the top prioritiesof any feedwatertreatmentprogram should be

to minimize makeup water demand (Neff 1986). Makeup water is the source of

most of the impuritiesfound in boiler systemstoday. If condensatereturn

levelswere higher,then the amount of makeup water neededwould be less.

3.3.1 _P_oblemD_escriptjon/Evidence

The PNL team found that the CHP water chemistryis inadequatelymain-

tained. They observed that the boilerwater chemistryvaried both above and

below the specifiedoperatingranges. In addition,on some days the water

chemistrywas not checkedor recorded at all. Unless the state of the water

is consistentlyidentifiedand recorded,there is no way to effectivelymeet

the three objective_ of the water treatmentprogram.

Scale provides resistanceto heat transfer between the hot gases and

boilerwater. Scale is depositedon the water side of the boiler tubes during

the steam formationprocess. Suspendejand dissolvedsolids precipitateout

of the water to form scale. The boiler efficiencydecreaseswhen scale builds

up. In addition to reducedefficiency,boiler tube failuresmay occur from

increasedtube metal temperaturein the scale area. Tube failuremay occur

before any noticeableeffect on boiler efficiency (Payne 1986). Water

hardness,or more specificallycalcium and magnesiumcontent, is primarily

responsiblefor scale formation(Wiemanand Marks 1986).
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To control scale formationin the CHP boilers,the following steps are

taken (Boiler Efficiency Institute1985):

, A water softener is used to remove most of the hardnessin the
makeup water.

• Phosphatesare added to precipitateany hardnessnot removed by the
softener.

• A conditioneror polymer dispersantis added to preventthe phos-
phate precipitatefrom stickingto the tube walls.

• Continuousand bottom blowdownsare used to remove solids and other
waste products from the boilers.

The use of both a phosphateand a polymer dispersant,such as polymetho

acrylate,is common in industrybecauseof the high performanceand low cost

of such a blendedchemical treatmentsystem (Strauss,Keen, and Puckorius

1987). The boiler internals,ircludingtubes, should be inspectedannually

for scale and other deposits (Thomas1980). If necessary,water pretreatment

practicesshould be alteredto minimizethe amount of scale in the feedwater.

The major contributorsto corrosionin boiler systemsare high oxygen

and low pH levels (Strauss,Keen, and Puckorius1987). Corrosiveoxygen can

enter the boiler system in the makeup water, throughair leakage into the

condensatereturn system,and by raw water contaminationof the condensate

(Peters1980). The control of oxygen in the CHP boilers is done in the

deaerationsystem by heatingand by adding a chemical scavenger,sulfite. To

controlcorrosion in the condensatereturn system,neutralizingor film amines

are added in the steam drum. The amines neutralizethe pH of the system to

prevent acidic corrosionof the condensatereturn lines (Hermanand Gelosa

1973). If the pH of the condensateis not controlledproperly,then leaking

condensatereturn lines will lead to a loss of condensatereturned,which, in

turn, resultsin lost energy and cost increasesfor makeup water and
chemicals.

Preventionof boiler water carryover is the final objectiveof the water

treatmentprogram. Carryover is a conditionin which water is carried from

the boiler, along with stePm, into the steam distributionsystem. Carryover
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reduces the qualityof steam produced, lt also could lead to deposits and

scale in the distributionsystem,which can cause plugged steam valves and

traps (Gelosaand Andrade 1976).

Carryoverof water and solids can be caused by both mechanicaland

chemicalproblems. Accb_dingto Herman and Gelosa (1973),the mechanical

Causes of carryoverinclude

• sudden and excessiveload fluctuations
• operationabove rated capacity
• high water level in the steam drum
• defects in the steam separatingdevices;e.g., leaks.

To counteractthese problems,Gelosa and Andrade (IS76) suggest

• schedulingloads to avoid fluctuations
• installingautomaticfeedwaterregulators
• checkingsteam purifyingdevices for defects
• adding an accumulatorfor intermittentexcessiveloading
• installingadditionalboilers if excessiveloadingis constant.

The chemicalcauses of carryoverall lead to foaming,the most common

carryovermechanism (Strauss,Keen, and Puckorius1987). The most common

causes of foamingare excessivealkalinity,presence of oil or other organic

matter, and excessiveconcentrationsof suspendedsolids,dissolvedsolids,

and silica. In additionto keepingthe water neutral and using blowdownsto

reduce solid buildup,an antifoamingagent is commonly used. The inadequate

maintenanceof CHP boiler water chemistrygreatly increasesthe risks of

experiencingthese problems.

The PNL team also observed that the blowdown system was runningon

boilers that were shut down. The water in the steam drum of shutdownboilers

was being continuouslyremoved. This excessiveblowdown is a waste of water

and chemicals (Neff 1986)

3.3.2 ImprovementOpportunities

Inadequatelymaintainingand operatingthe water treatmentsystem at the

CHP has economic,reliability,and safety impacts. These impacts,which would

result if the water treatmentsystem were run adequately,are discussedbeiow.

i
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A properly runwater treatmentprogram is a form of preventivemainte-

nance (DatanetEngineering,Inc. 1985). The major economic savings are in the

followingareas:

, energy costs
• maintenancelabor and repair requirements
• defermentof capitalequipmentreplacement.

Reducing scaling and controllingcorrosion-causedleakagewould reduce energy

costs by increasingboiler operatingefficiencier. The cost of maintenance

labor and repair would also decrease if boiler tube and other failures caused

by componentcorrosionwere reduced. Also, by reducing corrosion,equipment

lifetime can be increased. Excessiveblowdownon nonoperatingboilersis

clearly a waste of money for chemicalsand makeup water, and changing this

operatingprocedurewould reduce costs.

When these problemscause the boilersto be placed out of serviceat the

CHP, the CHP becomes a less reliable sourceof steam for Quantico. Excessive

downtime for maintenance,repair, and boiler componentor condensateline

replacementbecauseof failurescaused by scale and corrosionhas a direct

impacton the reliabilityof the CHP. _

In the most severe case, the catastrophicfailure of the boiler and its

componentsposes an increasedsafety risk to plant personnel. B_ properly

maintainingwater chemistry,this risk is reduced.

In the CHP water treatmentprogram,good operatingpractices,accurate

controltests, quick adjustmentfor changing conditions,and alert investiga-

tion and correctionof malfunctioningequipmentare importantto achievethe

efficiencyopportunitiesdiscussedabove (Thomas1980). Constant attentionto

the water treatmentprogram needs tc)be a priorityto ensure that these

opportunitiesare taken advantageof. The damage caused during severalweeks

of poor water treatmentpracticecannot be undoneduring the remainderof the

year.

3.4 FUEL HANDLINGSYSTEM

The fuel handling and delivery systemsat the CHP are unreliable. Both

coal and oil are used as primaryfuels. Naturalgas is used only for ignition
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pilots and accounts for a small fractionof the total fuel consumed at the

plant. Coal is stored and deliveredfrom coal yards at the north and south

ends of the plant. A bucket elevatortransportsthe coal from the north coal

yard to horizontalconveyorsthat distribute the coal to the coal hoppers (see

Figure 2.1). Coal from the south coal yard is transportedby an inclined

conveyorsystem to the horizontalconveyors above the coal hoppers. Coal from

the hopper,sis transferredby a carouselconveyor to the appropriateball mill

(one ball mill serves each boilerwith the exceptionof Boiler No. 6, which is

served by two ball mills). The pulverizedcoal from the ball mills is then

blown into the combustionchamberwhere it is burned.

Fuel oil is stored in a million-gallontank next to the north coal yard.

Steam passingthrough a heat exchangerin the tank maintainsthe oil at a

minimum temperatureand correspondingviscosityfor pumping. Oil is pumped

from the tank to preheaters insidethe plant. The oil is heated to the

desired temperatureand pumped to the boilerswhere it is atomizedwith steam

and injectedinto the boilers. Adequate oil temperatureand pressuremust be

maintainedfor proper atomization. If either the temperatureor pressure

decreasesbelow minimum levels, the boiler will trip.

3.4.1 .Pr_zg_ob!emDescription/Evidence

Severalobservationsby the PNL team suggestthat the fuel handlingand

delivery systems at the plant are unreliable.

o Coal spills off and accumulatesaround the conveyorin the south
coal yard, bindingthe conveyorwhen enough coal accumulatesat
points of transfer from one conveyor to another'.

® Coal accumulatesunder the horizontalconveyorsabove the coal
hoppers,overloadingthe conveyormotors and causingfuses to blow.

, The currentoperatingprocedureis to run the coal conveyorsuntil
they bi nd.

• During winter months, a,t times, wet coal adheres to the walls of
the weigher, preventing adequate coal from being fed to the
burners.

• Failures of the lines that provide steam to preheat the fuel oil
result in inadequate oil pressure to operate the oil burners and
cause boiler trips.
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These observed events indicatethat I) more labor hours are required to

keep the coal delivery system operationalthan are currentlyallocated,

2) failuresof the fuel supply systems can cause boiler trips, 3) the current

practiceof operatinguntil failureresults in excessivewear on components of

the fuel delivery systems, and 4) inadequatecoal delivery to the burners

could result in low boiler capacitycompared to rated capacity.

Keepingthe conveyor system functionalsometimesrequires three or four

' maintenanceand operations staff to leave their duties and shovel coal away

from the conveyor,leavingone operator in the plant to maintain plant

operations. This practice does not ensure safe, reliable plant operation.

Insufficientmaintenanceof both the coal and oil deliverysystems puts

the plant at risk of shutdown. During one site visit, the PNL_team observed a

o boiler shutdown from an oil delivery system failure that resulted from an

unrepairedleaky steam valve. More serious shutdownsare possible that could

result in prolongedloss of steam until repairs are completed. For example,

the practiceoC running coal conveyorsuntil they bind could ultimatelyresult

in failureof the conveyor moters,which would preventthe coal from being

burned. If the oil system were to then shut down, the whole plant could be

forced to shut down.

3.4.2 I__mmprovementOpportunities

The reliabilityof the fuel handlingand delivery systemsaffects plant

economics,reliability,and safety. The poor performanceof the coal conveyor

in the north coal yard results in increasedlabor costs to correct problems.

Direct impactsresult from excessivelabor charges (e.g.,the extra cost of

_ overtime to correct failuresat night or on weekends). The plant foremaneven

shovelscoal at times, detracting from his supervisoryresponsibilitiesand

; increasing labor costs. And, a special vacuuming truck is needed periodically

to vacuum coal fines off the conveyor system (at a cost of about $7200 in

: 1988).
z

Indirect economic impacts result from shortened equipment lifetimes and

inefficient combustion. Equipment lifetimes are decreased by I) excessive

wear from the run-until-failure operating procedure, 2) inadequate maintenance
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of plant equipmentbecauseof maintenance staff devoting excessiveamountsof

time to keep fuel supply systemsoperational,and 3) stress and wear caused by

excessivecycling resultingfrom boiler trips. More frequent than necessary

replacementof componentand auxiliaryequipmentincreasesthe cost of keeping

the plant operational. Fuel system degradationand failure can potentially

lead to inefficientcombustionand higher than necessarycoal costs.

Boilers trips and the associatedloss of steam pressure affect the

reliabilityof the plant. Extendeddowntime and loss of pressure can shut

down certain operationsat Quantico (e.g., the laundry,which requires a

minimum steam pressureto operate). Frequentboiler trips lead to the

potentialfor the greaterproblem: plant shutdownand loss of steam service.

Safety is affected by the frequent trips caused by failureof the fuel

supply systems. Boiler startupsand shutdownsare more hazardousthan the

continuousoperationof boilers. As a result, increasingthe number of start-

ups and shutdownsincreasesthe safety risk for plant staff.

Correctionof the conveyorproblems alone would have a significant

impacton the economicsand reliabilityof the plant. Sufficient data are not

availableto quantitativelyassess the impacts,but correctiveaction would

free up plant maintenanceand supervisorystaff to perform their assigned

functions,thus reducing direct labor costs of keepingfuel delivery systems

operationaland improvingplant conditions.

Regular preventiveand timely correctivemaintenanceof the fuel supply

systemswould reduce overallplant costs by extendingequipmentlifetimesand

improvingefficiency. Propermaintenancewould also improveplant safety and

reliabilityby reducingthe rate of equipmentwear and keeping the systems

opera.tional.

3.5 ASH HANDLING SYSTEM

Combustionby-productsare f_rmed when coal is burned in the combustion

chamber. One such by-product,bottom ash, is composedof large ash particles

and slag and is withdrawnfrom the ash hopper at the bottom of the boiler.

The second combustionby-product,fly ash, is found in the exhaust air leaving
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the chamber. These two combustionby-productsare handledby two different

systems in the CHP until they are combined in the ash conditioningsystem,

They are then transportedby truck to an offsitelandfill.

3.5.1 Problem Descr_i_ption/Evidence

The ash handling system at the CHP is unreliable. The first ash

handling system transportsbottom ash to the ash conditioningsystem. The

bottom ash falls into the boiler ash hopper under the boilersand is then

transportedby pumping to the ash conditioningsystem. This pumping system

has a common header extendingbeneath all the boiler ash hoppers. Three

problemswere identifiedwith the bottom ash handlingsystem. The first

problem is that large pieces of slag fallacross the hopper outlet, causing

the hopper to fill, and thus preventingash from leavingthe boiler. To

correctthis problem, an operatormust use a long iron rod to manually jar

loose the slag that is causingthe blockage. If the slag cannot be jarred

loose, the boiler will continueto fill with bottom ash until it must be shut

down; maintenancestaff would then be called to correctthe problem.

The second problem in the bottom ash handlingsystem is in the common

header or pipe beneath the boilers. This header is locatedin a ditch under

the boilers;when rain or snow runoff accumulatesin the ditch, water enters

the ash transportpipe and a mixture of water and bottom ash is created. This

mixture plugs the header,causing the bottom ash handlingsystem to fail.

Maintenancestaff must then clear the header. In additionto causing a

cloggingproblem,water in the ditch leads to increasedcorrosion problems in

. the header,requiringmore repairs.

The third problem in the bottom ash handlingsystem is that the wrong

impellersare currentlyinstalledon the pump used to transfer bottom ash from

the header to the ash c_nditioningsystem. The pump impellerseroded because

they were designed for pumpingpure water, not an abrasivemixture of water
C

and ash. Replacementimpellerswere ordered, but either exact part numbers

= were not known or exact replacementparts were not available_ The replacement

impellersobtained could not be used, and reorderingresulted in a lengthy
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downtime for the sump pumps. This problem results in the pumps working harder

to meet suctionrequirements,thus acceleratingwear on the pumps, and short-

ening pump lifespans.

In the fly ash handling system,the PNL team observed two problems.

After exiting the boiler combustionchamber,the exhaustair enters 'theelec-

tro tatic precipitators(ESPs)where the fly ash is removed from the exhaust

air stream. The fly ash is then conveyed to the ash conditioningsystem while

the exhaust air is sent up the stack to the atmosphere. If a problem occurs

in an ESP, a circuitbreaker will trip and cause the ESP to shut down. The

PNL team noted that an operator reset a circuit breaker for one ESP without

recordingthe fact that it had been tripped. Also, the incidentwas

apparentlynot reportedto anotheroperatoror to maintenancepersonnel. No

attempt was made to determine the reason for the ESP circuittripping, lt is

likely that the ESP will be trippedofflineagain. When the ESP is offline,

fly ash particlesare not removedfrom the exhaust air, but are simply sent up

the stack. Insufficientrecords of ESP operatingproblemsmake it impossible

to correct them and establish long-termperformanceof the ESPs.

The second problem in the fly ash handling system occurs as part of the

fly ash conditioning. Fly ash from the ash storage silo is sprayedwith water

and then dried in a rotary dryer before being placed in trucks for offsite

disposal. The PNL team observed that, during rotary dryer operation,the

concentrationof fly ash in the air appearedvery high in the encloseddryer

room. In addition,piles of ash were noted on the dryer room floor. This

condition is a health hazard for all operatingand maintenancepersonnelwho
enter and work in the room.

3.5.2 __j!rovementOpportunities

The unreliableash handling systemshave economic,reliability,and

safety impacts. Each of these impactspresents an improvementopportunity.

The cloggingproblems in both the boiler hopper and the header require

excessiveoperatorand maintenancetime for correction,which increasescosts.

Labor costs ma' be increasedfurtherif overtime is requiredto correct the

problems. The corrosionof the header pipe also leads to a decreasedpipe
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lifespan,an increase in costs for repairs, and eventuallyprematurepipe

replacement. The use of the unhardene(Iimpellerson the header pumps will

cause acceleratedwear of the pumps. This, in turn, will necessitate

increasedrepairsand cause prematurefailure and replacementof the pumps.

Not recordingESP problemscould have two economic impacts, lhe cost of

eventuallyrepairingthe problemmay be higher becauseof the problemgetting

worse over time. The risk of incurringfines or plant shutdownbecause of

dischar.cingash-ladenexhaust is increasedby improperlyoperatingthe ESP.

Decreasingboiler shutdowntime to repair problemswith 'thebottom ash

handling systemswo!_Idincreasethe reliabilityof the CHP. Solving the

clogging problemsof the bottom ash handlingsystem would eliminatethe need

to periodicallyshut down one or more of the boilers for repairs.

The potentialhealth and safety risk from fly ash in the drying room

could be reduced if the areas where fly ash enteredthe room could be identi-

fied and plugged. Currently,anyone enteringthe room without a protective

device risks inhalingfly ash.

3.6 COMPONENTMAINTENANCE

Componentsare not adequatelymaintained. Proper maintenanceis

requiredto keep the plant operatingefficientlyand to prevent early equip-

ment a_=dcomponentfailure.

3.6.1 ProblemDescription/Evidence

Severalobservationsby the PNL team indicatethat current Quantico CHP

maintenanceis inadequate. These include

• boiler trips caused by circuits shortingduring instrument
calibration

• inoperable,inaccurate,or inconsistentboiler instrumentation

° numerous steam and water leaks throughoutthe p'lant

® cloggedoil burner nozzles

• equipmentnot being properly tagged when in need of repair or while
undergoingrepair
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• no formal system to controlthe spare parts inventory

• spare parts storagearea in disarray

• no formal maintenanceproceduresfor equipment

• no formalmaintenance trainingprogram for the CliP

• insufficientdocumentationof maintenancework.

These observations,documentedmore fully in the Site Characterization

Report (PacificNorthwestLaboratory 1990), indicatethat the CHP maintenance

program is reactive and chaotic.

Some of the effects of impropermaintenanceinclude

• Plant personneldo not adequatelyknow the stateof the plant,
!eading to improperoperationand maintenance.

Frequentboiler trips occur becauseof improperlymaintained
equipmentand instrumentation.

• Boilers functionwell below their maximum possibleefficiencies.

• Equipmentand componentsfail before their expectedlifetimes.

Industrialmaintenanceis usuallydivided 'intothe followingthree

categories:

I. correctivemaintenance;expresslyused to repair equipmentafter it
fails

2.' preventivemaintenance;a programof regularlyscheduledequipment
inspectionand repair

3o predictivemaintenance;a program involvingearly problemdetection
and correction or repair through use of sophisticatedmonitoring
and diagnostic systen_s.

Correctivemaintenanceis the most reactive and rudimentaryform of

maintenance. Use of correctivemaintenancealone a11ows relativelyminor

failuresto become larger,more expensive,and perhapscatastrophic. The CHP

is primarilyoperatedusing this maintenancepractice.

i,_eventivemaintenance is systematicand usuallyformalized. Regularly

scheduledinspectionsof each criticalpiece of equipmentand appropriate

maintenanceactions, based on the inspectionresults,preventor eliminate
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many problems before they shut down operations. Preventivemaintenancetasks

shouldbe equipment specificand based on manufacturers'recommendations,
J

establishedguidelines or codes, or operator/maintenancepersonnelexperience

(Petrocelly 1989).

The CHP is now performingannual inspectionsand preventive maintenance

duringthe summer months. This maintenancehad not yet been formalized in

1985 (BoilerEfficiency Institute1985) and appearsinformaltoday. In _,

addition,some preventivemairltenancetasks should be performedon a daily,

weekly,and monthly basis as well as on an annual basis. These tasks are

currentlybeing put in practice,but without an adequatemethod of document-

ing and trackingmaintenance. Few formal proceduresor records of maintenance

taskverificationare kept at the CliP.

More importantthan the regularlubrication,spareparts availability,

and inspectiontasks of a preventivemaintenanceprogram is the knowledgeof

each major piece of equipmentand its operation. This can be achieved only

throughproper training of maintenanceand operationspersonnel (Carrieri

1983), The success of any preventivemaintenanceprogramdepends on the

knowledgeof the personnelinvolvedand their familiaritywith the equipment

(Petrocelly1989). There are many examples of successfulpreventivemain-

tenanceprograms in industrytoday. Most of them use computersto maintain

consistentand efficientoperationsfor plants that use expensive, complex
=

equipment. The maintenancedemandsfor such equipmenttoday have led to the

need for computerizedRystemsto provide economicand efficientpreventive

maintenance(McGuirk1977). The use of a computerizedsystem for preventive

maintenanceprovides the flexibilityneeded to meet changing circumstancesand

experiences,as well as facilitatingthe schedulingof inspectionsand repairs
z

(Corcoranand Richards 1983).

'Thelast, most complex,and most proactiveof all maintenancepractices

is predictivemaintenance. Predictivemaintenancerelies on the use of on-

line performa_cemonitoringto detect changes in the behavior or performance

of specificcomponents. One computerizedapproachto problem detectionis to

automaticallycompare monitoredconditions to an establishedbaselineof
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conditions,thus identifyingoptimalmaintenancetimes. Many such systems are

now in use by utilitiesacross the United States with very favorableresults

(Moore 1988).

In 1983, a study for the electric power industryindicatedthat costs

for correctivemaintenancewere 30% to 60% higher than the cost of preventive

maintenanceand 89% to 157% greater than the cost of predictivemaintenance

(Rosen 1989). Although these resultsmay not apply directly to medium-sized

steam power plants,they illustratethat significantcost reductionsare

possible by detectingand correctingproblemsbefore they become serious.

3.6.2 ImprovementOpportunities

Improvingthe maintenanceof the QuanticoCHP should provide beneficial

economic, reliability,and safety impacts. Each of these impacts is discussed

separatelybelow.

Proper maintenanceof the systemsand equipmentat the Quantico CHP will

enable better Controlby plant operators,leadingto increasedefficiencyand

reduced fuel costs. Optimalcontrol of combustionand steam productionre-

quires reliable,accurate instrumentationand controls. This is possible only

with proper calibrationand maintenance.

Adequatelymaintainingthe equipmentat the CHP should significantly

increase the mean time betweenequipmentfailures,thus increasingequipment

lifetimeswhile reducingreplacementcosts. Better control of the spare parts

inventory_'rouldalso aid in this effort by ensuringthat the correctparts are

on hand when the equipmentis scheduled for repair work. In general,better

management of maintenancewould lead to more efficientand effectiveplant

management at a lower total cost.

The adequatemaintenanceof CHP equipmentwill lead to less downtime for

unscheduledmaintenance,repair, and replacement. In addition,the total

number of unscheduledoutagesand trips will be reduced. Both of these will

result in the CHP becominga more reliablesupplierof steam to Quantico.

EfficientlymaintainedCHP equipmentwill also reduce the safety risk

faced by plant personnelfrom steam leaks,water leaks, fire hazards,fly ash

dust, and boiler explosion. Equipmentwill functionproperly,allowing
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improvedplantcontrol. Fewer leaks will occur, which present potential

risks, and the frequencyof boiler startups and shutdowns,when risks are

greaterthan during steady-stateoperation, should be reduced.

To achievethese benefits,CHP managementand staff must become commit-

ted to the objectivesof the maintenanceprogram. Adequate fundingmust be

providedto correctexisting problems. Individualplant personnelare relied

on to implementimprovedmaintenanceprocedures. Motivating staff and

obtainingtheir commitmentrequires an appropriateadministrativestructure.

Componentsof effectivemanagement (Hennebertet al. 1985) include

• constant two-waycommunicationbetweenmanagement and staff
• fair and consistenttreatmentof personnel
• recognitionfor jobs well done.

Without the supportof all the individualsin the plant, the best maintenance

systemsand programcannot succeed.

3.7 fUEL SELECTION

Fuel is not selectedto optimize economicperfor_anceof the CHP.

3.7.1 Pr.o.blemDescription/Evidence

During FY89, coal represented31% of the fuel used at the Quantico CHP

(basedon energy contentof the fuel consumed);oil representedthe other 69%.

The amount of naturalgas consumed at the plant by the ignitionpilotswas

negligible (lessthan I%) when compared to coal and oil consumption. Coal and

oil consumptionand estimatesof costs, based on FY89 prices, are summarized

in Table 3.3.

TABLE 3.3. Fuel Consumptionand Costs, Fiscal Year 1989

Energy

FY89 Co_tent, Unit Cost _ Total
___FuelType Consumption !__ Btu _J/unit _$/!0_ Btu Cost.._E_.j_J_.

No. 6 Fuel Oil 3,130,955/gai 468,704 0.55/gal 3.67 1,722,125

Coal 7,143/ton 208,576 53.11/ton 1.82 379,365

Combined -- 677,280 .... 2,101,490
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3.7.2 ImProvementOpportunities

The cost of oil per unit of energy content is approximatelydouble the

cost of coal. Therefore, switchingfrom oil to coal would result in a

significantsavings. Figure 3.4 displays total energy costs as a functionof

coal use, based on FY8g totai._fuel consumption. The cross representsthe

actual situation in FY89. Switchingto 100% coal usage would produce a

savings of about $900,000 (43%) annually. The potentialsavingswould

increaseas steam demand or fuel oil prices increased. These estimatesdo not

account for any differencesin conversionefficiencybecausethe actual

efficienciesof the boilers at Quantico are not currentlyknown (see

Section 3.1). The actual savingswould also depend on the relative efficiency

of steam productionwith oil.

Under proper operatingconditions,burningmore coal should have only

minor impactson safety and reliability. If coal de'liveriesare less reliable

than oil (no evidence indicatesthat this is the case), oil would be required
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whenever coal was not available. This should have no effect on either steam

availability or plant reliability. If the boilers operate more reliably on

one fuel than on the other, plant reliability could be affected by the choice

of one fuel over the other. However, if equipment is properly installed and

maintained, the effect of using either oil or coal should be small.

Fuel choice could have some effect on worker safety, if burning coal is

intrinsically riskier than burning oil. For proper operation, these differ-

ences in risks should be small. The principal differences are associated with

coal and ash handling. Coal generally requires more equipment (e.g., ball

mills, electrostatic precipitators) and greater labor and therefore involves

more risk. But if the plant is properl_ maintained and operated and safe

practices are followed, these safety differences should be small when compared

to the savingsresultingfrom greater coal use.

3.8 CONDENSATERETURN

Steam produced in the CHP is distributedthroughoutthe base to serve

variousneeds includinghome heating,mess hall uses, hospitalneeds, laundry

facilityneeds, and heating of aircrafthangers. After satisfyingthe various

loads, the condensed steam (i.e.,condensate)is returnedto the CHP for reuse

in the boilers.

3.8.1 ProblemDescription/Evidence

Condensatereturn is lower than possible at the CHPo Not all of the

steam is recovered in the form of condensateand reused. Steam is lost via

traps and distributionline leaks and leaks in the condensatelines

themselves.

To make up for these losses,water must be added at the CHP before it is

fed into the boiler. This makeup water is purchasedfrom the city and must be

chemicallytreated at the CHP to control scale and corrosion. The condensate

is much like pure distilledwater and does not requirethe chemical treatment

that makeup water does (Petersand Ku 1983). Thus, when more condensateis

returned,less chemical treatment is required,and makeup water and chemical

costs decrease.
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Table 3.4 displaysmonthly condensatereturndata for the CliPfor FY89.

The percentageof condensatereturned (displayedin the far right-handcolumn
q,

of Table 3.4) is given by the relation

Makeup Water

CondensateReturn (%) = 100% - Gross Steam Produced + 4% (3.2)

The 4% in Equation (3.2) is the estimatedamount of water lost in the plant

before steam is generated,expressedas a fractionof the gross steam pro-

duced. Most of the water is lost through boiler blowdown,but some is also

lost by leaks and other minor plant uses. Actual steam productionis not

measured at the CHP; the foremanestimatesgross steam productionfrom coal

and oil consumption,assuming a constantamount of steam is produced per unit

of coal or oil consumed (e.g., in Ib of steam/Ibof coal).

i

TABLE 3.4. Quantico CHP CondensateReturn Data, Fiscal Year 1989

Makeup Water Gross Steam Produced Condensate
Date . 10o qal _0_ Ib 106qii_ Retu_in,%

10/88 3.4 43 5.16 38

11/88 4.5 61 7.31 42

12/88 6.2 77 9.23 37

1/89 6.6 74 8.87 30

2/89 6.2 73 8.75 33

....,,,3/89 5.3 75 8.99 45

"_' 4/89 I 9 41 4 92 65_( i • e
...

5/89 2.I 33 3.96 51

'I;_.L 6/89 2.3 27 3.24 33

7/89 2.0 26 3.12 40

8/89 2.2 27 3.24 36

9/89 2.3 28 3.36 36

Totals 45.0 70.15
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Condensatereturn varied from a high of 65% in April to a low of 30% in

January. For the entire year,

45.0
FY89 CondensateReturn 100% F

= " L J + 4% = 39.85 : 40% (3 3)70 15

The plant foremanstated that the condensatereturn has been as high as 80%

and that this could be sustainedif the existing steam distributionand

condensatereturn systemswere repaired and properlymaintained.

3.8.2 ImprovementOpportunities

No apparentsafety or reliabilityimprovementswould result from

increasing'theamount of condensatereturned. However, there is a definite

and quantifiableeconomic opportunity.

If the amount of condensatereturn doubled from 40% to 80%, then the

amount of makeup water needed would be about halved. This would reduce the

cost of city water and chemicalsneeded to treat the water to about half also.

The price of city water for the CHP in FY89 was $1.24 per thousand gal-

Icns, and the price of treatment'chemicalsin FY89 was $0.52 per thousandgal-

lons of makeup water. As displayed in Table 3.4, 45 million gallons of makeup

water were used in FY89, at a cost to the Clipof $79,200. Figure 3.5 displays

the cost of water and treatmentchemicalsas a function of the percentageof

condensatereturn. The cost range.(;from-$17,300 at 90% return to-$116,000

at 10% return. Increasingcondensatereturn from the present 40% to 80% would

result in a savingsof $49,600 ($79,200 - $29,632)at currentwater and

chemical prices. As water and chemical costs increase,the savingsfrom

greater condensatereturnwill als()increase.

Large, old facilities,such as universities,usually have condensate

return rates of 75% to 95% (Neff I(.)86).In smaller,well maintained build-

ings, the return rate may be above 95%. System losses should be less than 10%

for a steam heatingsystem that does not use steam for humidification,heating

water, or other consumptiveuses. Some general guidelinesto reduce makeup

water requirementsinclude
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.FIGURE3.5. Makeup Water and Chemical Costs as a Function of
Condensate Return

• Do not dischargeany condensateto sewers; try to return all
condensateto the boiler plant.

• Routinelyinspectand immediatelyrepair all leakingcomponents of
the steam distributionsystem includingvalve stems, pump seals,
and relief valves.

• Maintain and frequentlytest steam traps.

Based on the informationin this section,the QuanticoCliPshould be able to

save approximately$50,000per year on water and chemicalcosts by increasing

condensatereturn.

3.9 LOAD M_ANAGEMENT

When more than one boiler is availableto meet steam demand, the distri-

bution of the 'loadamong the boilersaffects overall _fficiency. To minimize

fuel consumptionand maximize plant performance,the load distributionmust be

optimized.
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The efficiency of a boiler generallyvaries with the rate at which it

produces steam (Payne 1989). The efficiencycurves for two hypothetical

boilers displayedin Figure 3.6 illustratethis phenomenon. When both boilers

are used, a particulardistributionof the total load betweenthe boilers

results in the maximum overallefficiency. This is illustratedin the example
that follows.

Assume that the two boilers characterizedin Figure 3.6 both burn coal

and have capacities (100% loads) of 50,000 Ib of steam/h. For steam demands

of less than 42,500 Ib/h (85% of the capacity of Boiler No. I), use of

Boiler A alone would maximize efficiencybecause its efficiencyclearly

exceeds that of Boiler B. For larger loads up to 50,000 Ib/h, some combieia-

tion of the boilersmay provide a greateroverall efficiency. Above

50,000 Ib/h, both boilers are requiredjust to meet the load (actually,both

<

100

90

Boiler A_

.__

LU 70 Boiler

60

50 .--i i , I,,, I I , i ,,, I i , I_-_____- -,_ m__,m

40 50 60 70 80 90 1O0

Load, %

FI____GURE3.6. Efficiencyas a Functionof Load for Two HypotheticalBoilers
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boilerswould probablybe used sooner becauseboilers ordinarilyare not

operated close to 100% capacity for reasonsother than efficiency),but some

specificcombinationsdo maximize overallefficiency.

Consider,for example, a total load of 60,000 Ib/h. This load can be

met in many possibleways, two of which are displayed in Table 3.5. The fuel

consumptionfor Scenario 2 (when Boiler A operates at 60% load and Boiler B

operates at 60% load) is about 9% lower than for Scenario I (when BoilerA

operates at 80% load and Boiler B operates at 40% load), a significant

improvementin efficiency.

3.9.1 Problem Descript_on/Evidenc____ee

The load is not optimallymanaged at the QuanticoCliP. During one of

the site characterizationvisits to the CHP, the PNL.team observed one boiler

operatingat 75% of capacity while another operatedat 40% of capacity.

Becausecurves of boiler efficiencyversus load for the CliPboilers are not

availableat the plant, proper assessmentof the load distributionhas not

been achieved,and the plant operatorsdo not have the informationnecessary

to adequatelymaximize plant performance.

TABLE 3.5. The Impactof Load Managementon Fuel Consumption

Coal Used,
Scenario Boiler L_ Efficiency,% __].b_/h(a)

i A 80 82 3365

B 40 58 2__32_!I

Total 5686

2 A 6O 81.5 2477

B 60 75 _269___22

Total 5169

(a) Estimatedusing an enthalpy change of 982.5 Btu/Ib of water and a
heatingvalue of 14,600 Btu/Ib for coal.
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3.9.2 ImprovementODDortuDities

Informationon boiler performanceas a functionof load and the analyti-

cal capabilitynecessaryto determinethe optimumdistributionof load among

availableboilerswould allow the Quavlticoplant operatorsto improve plant

performance. In additionto assessingplant efficiency(as in the example),

by accounting for differencesin fuel prices,total fuel costs could be

minimized. Total fuel costs in FY8g were about $2.7million. If by managing

the load better fuel costs were reduced by 5%, the plant would save

$135,000 annually.

Better load managementshould have a negligibleeffect on plant safety

and reliability. If one boiler is inherentlymore reliable or safer than

another,this could be factoredinto decisionsconcerningload distribution.

However,these are secondaryeffects that are unassessablewith the available

data.

3.10 WORKING CONDITIONS

Safe operationof the CHP should be one of the most importantgoals

towardwhich all plant personnelstrive. However,the PNL team found several

specific instancesof unsafeworking conditionsand practices.

3.10.1 Problem Description/Evidence

Events and observationsnoted during visits by the PNL team indicate

that the CHP is not being operatedsafely:

• When the north coal conveyorsystem shut down becausecoal binding
: the conveyor caused a fuse to blow, an operationsperson pulled out

and replaced a 208-V fuse, twice, with his bare hands.

• When the same coal conveyorstill did not start,an operations
person began to jump on the conveyor,which was located8 to
15 feet above a coal bunker.

• While contractorpersonnelwere working in the firebox of one
boiler,the forced-draftfan was turned on.

• Many componentsundergoingmaintenanceor out of commissionwere
not tagged as such.

-
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• Tools and spare parts were stored in disarray around variousareas
of the CliP.

• Bare wires were seen extendingfrom electricalwall outlets.

These examplesare only a small set of the safety problemsnoted at the

CHP and are indicativeof a lack of _ safety-firstattitude. Any one of these.

observed conditionscould result in a seriousaccident that would affect the

health and well-beingof CliPpersonnel.

3.10.2 ImprovementOp.portunities

This problem,by definition, is only safety-related. Although safety

does ultimatelyimpact reliabilityand economics,as noted in Section1.0,

these impactsare indirectand are not addressedin this examinationof the

problem.

A totally safe operationcan never be guaranteed;the best that can be

hoped for is some degree of control to minimize the exposure to risk. One of
z

the best ways to reduce risk is to implementa comprehensivesafety program

covering all aspectsof CliPoperations. This safety program should be unique

to the CHP and accountfor proceduresthat involvethe operationof the

physical plant. There are many types of safety programs,but they all address

the followingbroad categories" general safety,electricalsafety,fire_

safety, security,and emergencyoperations(Petrocelly1989).
J

Although safetyprograms are the most effective long-termmeans for

ensuring safe CHP operations,the use of common sense in everydaysituationsz_

will result in immediatebenefits. Thoughtfulvigilancewill result in a

safer operation;any lapse in safety concentrationcan result in an accident.

To instilla safety-firstattitude in all workers, a trainingprogramcould be

used to emphasizethe importanceof safety as a priority to CHP management. A

safety programwithoutthe attendanttraining programmight not yield many

beneficialresults. In addition,refreshersafety courses coveringspecific

aspectsof safety should also be taught to keep all CHP personnelalert to

potential safetyh_zards.



Thus, the implementationof a safety program and 'theassociatedcon-

tinuous safety trainingshould decreasethe number of hazardousevents at the

CliP.

3.11 RECORDKEEPING

Some recordkeepingat the CHP is inaccurateand incomplete.

3.11.1 P_oblem.Description/Evidence
z

The PNL team examinedthe followinggeneral types of recordsand found

them to be either inaccurateor incomplete: operator logs, maintenancelogs,

and design (or "as-built")diagrams. Examplesof each type of incompleteor

inaccuraterecord are noted as follows.

The team found that the operator logs did not contain information

regardingboiler trips (shutdowns)or other abnormal events that occurredon a

shift, althoughthe circular boiler chart did record the trips. Various steam

leaks throughoutthe plant were seenby operatingpersonnelbut were not

recorded in the operator log. When BoilerNo. 3 tripped, the first-outlight

did not work. The status of this light was known among the plant personnel

but was not documented. In addition,there were no records of valve locations

to provideregulationof fluids. In general, the PNL team found that

operatorsthemselvesdecidedwhat was to be recorded or not recorded. There

was no standardprocedurefor entries into the operator's log.

A similardeficiencyexists with respectto proceduresfor thc mainten-

ance logs and records. There appeared to be no tag-out procedureswhen compo-

nents required or were undergoingrepair. For example, when two workers were

working in the fireboxof one boiler, the operator on duty turned on the

forced draft fan. The probabilityof this occurringwould be reduced if

proper tag-out procedureswere followed. The PNL team also observedthat many

parts needed for maintenancework were not availablebecause of a lack of

proper spare parts and parts inventorycontrol. Sometimescommunication

between the operatorsand maintenancepersonneldid not occur or was for-

gotten. In March 1989, a steam trap on a line used to heat the oil tank was

not working, and the steam valve was shut off. Maintenancestaff were net
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informed (or, if informed,did not repair the steam trap), and the valve was

not tagged out. In December 1989 (9 months later), oil was needed in Boiler

No. 3 but could not be pumped becauseof the low oil temperature. The steam

valve was subsequentlyopened to heat the oil in the tanks, but instead,the

steam vented into the atmospherebecausethe broken steam trap had not been

repaired.

The "as-built"diagrams for the piping systemsand new combustion

controlsystem were also found inaccurateand incomplete. Drawing nomencla-

ture was not documented,and on some of the instrumentationdiagrams,panel

meterswere shown that were not presenton the actualpanels,

3.11.2 ImprovementOpportunities

Inaccurateand incompleterecordkeepinghas economic,reliability,and

safety impacts. Improvementopportunitiesin each of these areas are dis-

cussed below.

The operators' logs should document all events on each operatingshift.

This logbook should be a historicalchronologyof the plant's operations.

Recordedequipmentreadingscan be used to identifyoperatingtrends, trace

temperatureand pressure fluctuations,note trippingepisodes,and indicate

equipmentstatus. The operators'logbooks should also alert relevant

personnel--maintenance,management,and the next shift operator'-toproblems

in the CHP that might otherwisego unnoticedor unreported(Petrocelly1989).

The use of an accurate,up-to-dateoperator's log is one way to ensure that

the CHP is run as efficientlyand therefere as economicallyas possible. The

log serves not only as a historicalrecord but also as a link from one shift

operatorto another and from the operators to the maintenancestaff and man-

agement. By not recordingleaks,trips, and ether events,the problems are

not repairedand will eventuallycause further damage and more cost to the

CHP. The CHP cannot operate at maximum capacity unless the operators' logs

containcomplete and accuratedata on CHP operations. Maintenancecannot be

performedefficientlyif the maintenancerecords or logs do not accurately

reflectthe status of the CHP and the spare parts inventoryis not known. The

combustioncontrol system is not being used effectivelybecause as-built

diagrams are not accurateand complete.
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When operator and maintenancelogs are not complete or accurate,the CHP

is more likely to be unreliable. Trips occurred becauseoperators' logs do

not containthe correct or accuratedata needed to diagnose problems as they

occur. Problemscausing the trip cannotbe solved if data are unreliableor

missing. The CHP cannot be properlymaintained if maintenancerecordsor

spare parts inventoriesare lacking. The CliPreliabilitywould be improvedif

mair,tenancestaff could use the operators'logs as a diagnostictool to help

correctproblems quickly and accurately.

If the status of the CHP and 'itsassociatedequipment is unknown, safety

problemscan arise. Using inaccurateor incompleterecordscould lead to an

accident,as nearly occurred in the firebox event noted above. Maintenance

tag-outsare one of the most importantmeans of preventinginjuries to

maintenanceand operationspersonnel. Better communicationis needed between

maintenanceand operationsstaff as well as betweenthe various shifts atthe

CHP. Proper communicationwould reduce safety risks for all workers at the

plant.

"Theseopportunitiesare very generaland based on only the few events

and observationsnoted in Section3.11.1. Even given this small set of

observations,it can be seen that the impact of CHP recordkeepingspans all

three areas of improvementopportunities--economic,reliability,and safety.

Thus, improvementsin recordkeepingwill have far-reachingeffects on CHP

operations.

3.12 USE OF WORKFORCE

For the CHP to operateat peak efficiency,all resourcesneed to be used

effectivelyand efficiently. The workforce, such as that found in the

operations,maintenance,and administrativestaff, is such a resource.

3.12.1 Problem Description/Evidence

The PNL team observedthat CliPworkforce is not ured as effectivelyor

efficientlyas possible. Some examplesof the observed inefficientuse of

manpower include

3.36



• operatorsand maintenancepersonnelcleaningup coal stuck in the
conveyor system

• plant supervisorsmanually preparingperformancesummariesthat
could be automated

® plant supervisorscontinueuslyoccupiedwith maintenanceproblems.

Keepingthe plant operationaloccupiesa large portion of all personnel

time at the CHP. In addition,some of the routinepaper work now done

manually could be automated,which would free up workers for more important

duties.

3.12.2 ImprovementOpport_unities

Improvementin the use of CHP manpowerwould have an economic impact.

More productiveuse of manpower should reduce the_occurrenceof operationsand

maintenancepersonnelovertime and its attendantcosts. By using manpower

more efficiently,CHP reliabilitywould be increased.

3.13 OPPORTUNITY INT..E.RACTIONS

The DDSOM addressesseveral of the 12 problemsdiscussed in Sections 3.1

through 3.12. Althougheach of the problemswere assessed separately,the

improvementopportunitiesdo overlap and interactin two principalways:

I) insolving one problem,anothermay be partiallyor completelysolved, and

2) solvingone proble1_may effect the potentialimprovementavailablefrom

solving others. An exa_,,p!eof the first improvementopportunityinteraction

would be the beneficialimpact that a better componentmaintenanceprogram

would have on the ability to control the boilers (see Sections3.2 and 3.6,

respectively). Properlymaintainedequipmentand calibratedinstrumentation

could lead to fewer boiler trips, which, in turn, would subjectthe boilers

and associatedequipmentto less stress from thermalcycling. Propermain-

tenance would also improvethe relationbetweencomponentmaintenanceand the

operationof fuel and ash handlingsystems (see Sections 3.4, 3.5, and 3.6,

respectively). Better overallmaintenancewould improvethe reliabilityand

performanceof these handling systems,as well as other handling systems

throughoutthe plant.
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The relation betweensavings from fuel switchingand efficiencyimprove-

ments representsan exampleof the secondtype of interaction. Increasing

coal use would reduce fuel costs considerablybut would decrease the potential

savings from increasedboiler effic'iencies(see Section3.7).

Interactionsamong the 12 problems and their improvementopportunities

have not been analyzedexhaustivelyin this assessment. Interactionsamong

problemswill be addressedmore completelylater in the project'sProblem

SelectionTask.
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4.0 CONCLUSIONS

Two principalconclusionscan be drawn from this value-impactassessment:

• Many improvementopportunitiesexist at the QuanticoCHP.

• A baselinestudy is requiredto measure the actual quantitativebenefits
o'fimplementingthe DSSOM at Quantico.

Economicsavings are possibleby taking actions that increase plant

efficiencyor extend equipmentlifetimes. Higher efficiencieswill result in

fuel savings,and longer equipmentlives will reduce componentreplacement

costs. Better control and maintenanceof the plant will also provide the

benefits of a more reliable plant with safe working conditions.

A study that establishesthe current plant performanceis essentialif

the actual impactsof the DSSOM are ever to be known. Data collected and

currentlyrecordedat the plant are insufficientto establisha performance

baseline. By measuringthe impactsof the DSSOM, the U.S. Marine Corps will

have data that will lend greatercredibilityto estimatesof the potential

benefitsof extendingthe use of this technology to other sites and

applications.
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