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ABSTRACT 

This paper will discuss those capabilities which a 
qualified management, operations, and maintenance 
service contractor can bring to public or private waste 
conversion projects to assure their long-term technical 
and financial success. The discussion will focus on the 
management, operation, and maintenance systems nec
essary to support long-term facility operations, includ
ing management, staffing and training, quality 
assurance, budgeting/cost controls, and operations 
and maintenance management programs. 

INTRODUCTION 

Most public and private projects must stand on their 
own merits, and are often based upon local needs, 
alternatives, and/or economics. Figure 1 represents a 
list of the major project development considerations 
which must be addressed in developing a waste con
version project. The financial success of a project is a 
key element and hinges on a number of important 
factors. Therefore, with few exceptions, the financing 
of most projects is based upon: 

(a) a long-term guaranteed or bonded fuel source 
(put or pay type contract) 

(b) an established proven technology endorsed by a 
reputable engineering firm 
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(c) economics which are competitive to other long-
term alternatives 

(d) shared risks 

(e) insurable risks 
(f) ability to finance 

(g) secured operational performance guarantees 
Projects, both public and private, are typically de-

veloped by the owners through: 
(a) full service contractors 
(b) turnkey contractors 
(c) A/E firms 
A typical waste project system design would con

sider all factors related to acceptable operations and 
maintenance practices, as well as all applicable regu
lations, laws, and permit requirements. A model of the 
overall system design criteria for a solid waste facility 
is presented in Fig. 2. Regardless of the approach, the 
design, financing, and construction activities take 2 to 
5 years to develop and implement, followed by 10 to 

30 years of continuing operations. 

The ability to finance a project, based upon an ac
ceptable technology, is highly dependent upon the 
qualifications, risks, and guarantees to be provided by 
the operator. Numerous concepts exist for operating 
contracts, both in contract term and compensation 
incentives. Typical operating contracts must consider: 

(a) engineering technology risks 
(b) financial requirements 
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(c) uncontrollable circumstances 
(d) contractual terms and reopeners for fee and risk 

reassessments 

(e) turnkey construction contractor's acceptance 
obligation 

(f) insurance risks and costs 

Depending upon the project structure, the interac
tion and clear separation of these long-term risks is 
often a difficult contractual task, unless a full service 
contractor provides all services and guarantees, rather 
than subcontracting a portion, e.g., the long-term 
operations. 

A major factor receiving considerable scrutiny, par
ticularly when projects require long-range financing, 
is "Who will operate these highly sophisticated sys
tems?" Investors sinking tremendous capital outlays 
into such a project must be assured that operations 

will not create greater risks than financial returns. 
Therefore, our presentation today focuses on those 
areas of concern beyond the above considerations, crit
ical to selecting a service contractor to manage, op
erate, and maintain facilities after they are built. This 
industry'S graveyard is full of projects which have 
failed simply due to poor management, operations, and 
maintenance. Incineration, energy production and re
source recovery projects have become complex and 

highly regulated businesses. With technology still de-
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veloping in the U.S., few firms have built operations 

and maintenance staffs capable of handling these com
plexities and associated risks. However, without a suc
cessful operations and management firm, the project 
is doomed to failure or, at best, facing financial chaos. 

Significant issues which are of concern to manage
ment, operations, and maintenance subcontracting firm 
are: 

(a) obligations, liabilities, securities, and term of 
service provided by the engineer and/or turnkey con
tractor, including, but not limited to, warranties, long
term latent defects, acceptance testing protocol and its 
duration 

(b) waste supply, seasonal quantity variances, qual
ity test protocol, and the interactions with project rev
enues and operator incentives 

(c) risk allocation and sharing arrangements be
tween all parties to the project 

(d) clear cut provisions for establishing, defining, 
and managing the Nonroutine Equipment Mainte
nance Reserve Fund 

(e) Force Majeure or uncontrollable circumstance 
provisions ..., 

(f) provisions to compensate for the costs incurred 
for failure of the facility to perform in accordance with 
original design specifications 

(g) higher than anticipated operations and main-
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FIG. 2 OVERALL SYSTEM DESIGN 

tenance costs due to maintenance, labor, service, taxes, 
insurance, et al., not attributable to operator's negli
gence 

(h) committed residue disposal sites for life of 
project 

Project risks can be assessed, identified, contrac
tually shared, and in certain instances insured against. 
Operations risks which are often partially insurable 
are: 

(a) Operating Contract Performance Bond protects 
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owner or client against operator's contractual nonper
formance or default. The policies are typically for the 
term of the agreement, in an amount equal to the 
annual contract fee. 

(b) Boiler and Machinery insurance can be pur
chased to protect the owner/operator against cata
strophic failures of the mechanical devices. These 
policies often have significant deductibles to exclude 
routine maintenance and repair claims. 

(c) Business Interruption insurance is available, sub-



ject to a deductible period, to protect the owner, op
erator, and bond holders against significant losses in 
revenue, debt payment, fixed operations and mainte
nance costs, etc. 

(d) System Performance insurance is often touted as 
protection offered the owner to safeguard against tech
nology and performance failures in the early years. 
The insurance is expensive and fraught with imple
mentation difficulties. Very few projects to date have 
actually chosen to adopt this coverage. 

Now that we have prefaced the intent of this pre
sentation with the major contractual concerns, project 
risks, and alternatives, we'll focus on the features you 
might consider when selecting a service contractor for 
short- or long-term management/ operations/ main
tenance services. The price of the service contract will 
be impacted significantly by the contract period, es
calators, contract term reopener conditions, termina
tion options, and other imposed risks, often to be offset 
with performance incentives. 

Service contractors are typically evaluated on their 
management, operations, and maintenance skills, in 
addition to their geographical presence and financial 
strengths. The remainder of this presentation will focus 
on those important capabilities which reputable service 
contractors can bring to a short- or long-term, small
or large-scale public or private project. 

TYPICAL SERVICE SCOPE 

Regardless of the type of facility, management, op
erations, and maintenance are services provided by 

firms with appropriate resources, experience, talents, 
and the right tools. A typical scope of service which 
a management, operations, and maintenance firm may 
use should include the following services: 

(a) provision for all guaranteed costs for personnel, 
salaries, wages, and benefits to operate the facility prop
erly 24 hr / day, or as required, including administra
tion, supervision, and corporate support. 

(b) procurement and payment of all costs including 
supplies, chemicals, utilities, and spare parts 

(c) an operations plan with appropriate shift sched
uling and reserve personnel assignment to minimize 
scheduled overtime 

(d) all repairs, including preventive, corrective, and 
nonroutine maintenance 

(e) a computerized maintenance management pro
gram 

(j) cost accounting and a record keeping system to 
provide timely, accurate financial and budgeting data 
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(g) traffic control plan to monitor and record fuel 
receipts, ash, energy, and other commodity deliveries 

(h) training program to enhance and develop em
ployee skills, including employee evaluation and de
velopment programs 

(i) a safety program, including an emergency re
sponse action plan 

(j) a pollution control monitoring system to main
tain air, wastewater, and noise control standards 

(k) a quality assurance program with the appro
priate checks and balances 

(l) a disposal plan for residue and other waste 
materials 

(m) regulatory agency interface 
Next, we'll focus on the key features, skills, and man
agement tools available from reputable service con
tractors, with special emphasis on the management, 
operation, and maintenance management aspects. 

MANAGEMENT 

Management, an encompassing word, is defined for 
the purposes of this paper to include: 

(a) corporate support (administrative and technical) 
(b) budgeting and cost controls 
(c) project staffing 
(d) training 
(e) safety 
(j) quality assurance 
(g) communications 

Corporate Support 

It is imperative that the Service Contractor have a 
corporate staff of administrative and technical spe
cialists to assist the project staff during start up with 
staffing, employee benefits, payroll, special procure
ments, insurance, technical issues, training, safety, and 
quality assurance programs. 

Budgeting/ Cost Controls 

A few of the more important fiscal management tools 
are best illustrated by the following form samples: 

(a) labor estimating program (Fig. 3) 
(b) operations and maintenance budget (Fig. 4) 

(c) annual budget (Fig. 5) 
These reports will assist the facility operator in sub

sequent proposal efforts, annual budget planning, con
tinuous cost monitoring and budget adjustments, in 
addition to development of a historic profile of the 
facilities operations and maintenance cost activities. 



Project Staffing 

Because the key to quality operations and manage
ment is quality people, proper staffing of a facility is 
synonymous with successful operations and manage
ment. Therefore, although corporate management is 
important in overall policy and finance decisions, the 
major player is the bnsite Project Manager. The Project 
Manager's role in a new facility requires an in-depth 
knowledge of operations and maintenance of all system 
components as well as advanced people skills to deal 
with staff, owner, regulatory agencies, and the public. 
Ideally, the Project Manager should have the following 
minimum qualifications: 

(a) 10 years of operations and maintenance with 
solid fueled boiler and turbine power generation sys
tems, including 5 years of supervisory management 

(b) certification as a stationary engineer and /or 
boiler operator 

(c) demonstrated technical capabilities and knowl
edge 

(d) strong oral and written communications capa-

bilities 
(e) extensive management and peoples skills 
(f) training and safety expertise 
(g) public relations experience 
Project management takes a mature, dedicated, and 

highly motivated individual, a self-starter with a thor
ough understanding of the technology and how to mo
tivate people to get the job accomplished in an efficient 
cost-effective manner. 

The Project Manager will usually recruit his staff 
from local resources, with the possible exception of his 

operations and maintenance supervisory level posi
tions. These positions require experience and back
ground often not available in the local marketplace. A 
good operations management firm will be able to pro
vide this expertise through their own key personnel or 
will have ready access to a number of potential qualified 
candidates. 

The Organization Operations Diagram (Fig. 6) in
dicates the job classifications and staffing for a four
shift, 24 hr / day operating facility. The number of 
personnel and positions will vary with project size and 

complexities. 
Recruiting and retaining a good staff is accomplished 

through proper evaluation of skills and experience, a 

sound employee orientation and fringe benefits pro
gram, incentives, such as bonuses or special recognition 
for exceptional performance, and adequate and well 

planned training programs. Treating employees like 
professionals and establishing a team effort creates a 
responsive, productive, and promotable staff. 
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Staffing may also require a reserve personnel labor 

pool, which is often personnel in training, who are 
used to reduce scheduled shift change overtime, in 
addition to vacation and sick leave relief. These are 
generally temporary or part-time employees. 

Training 

Training is an important element in retaining and 
developing staff. Operations and management firms 
must be able to provide the Project Manager with 

training materials and, if needed, special instructors 
for specific sUbjects. 

Both onsite and formal classroom programs are 
combined to enhance operator skills and keep em
ployees up-to-date on the latest techniques in operating 
and maintaining their facilities. The following sum
mary covers typical training program requirements for 
a new project: 

TRAINING REQUIREMENTS SUMMARY 

Type of Training Purpose 

Orientation Public relations and public information 

Orientation Employee orientation 

Occupational Safety and Employee safety orientation and 
Health Act (OSHA) education 

Management Development Supervisory development training for 
shift foreman and managers 

Systems Operation Train operators in the details of the 
process and system theory. e.g .. water 
chemistry. SOPs, emergency conditions. 
etc. 

Equipment Train plant maintenance personnel in 
the check-out and repair of process 
equipment in accordance with the 
master preventive maintenance schedule 
and plan 

Refresher Coursesl Updates Reacquaint all plant personnel with the 
SOpis in their functional work areas 

CPR/Multi-Media First aid - Red Cross or Heart 
Association certification 

Safety 

Safety must be one of the primary concerns in the 
operation and maintenance of all facilities. For in
stance, safety sessions rely heavily on employee input 
to identify and correct safety deficiencies; accident re
ports and debriefing procedures are used in investi
gating and evaluating past accidents. Involving 
employees in the design and implementation of safety 
programs makes safety a team effort and each em
ployee's responsibility. 

Emergency response is another key aspect of a safety 
program. Should any emergency or malfunction occur 

which threatens to overtax the on site project staff, 
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additional backup resources must be provided, often 
from corporate support. 

Quality Assurance 

In addition to staffing the facility with highly skilled, 
motivated people, operations and management should 
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start with a quality assurance program covering all 
aspects of the process, i.e., operations, maintenance, 
laboratory services and cost control. One of the most 
valuable assets a good operations and management firm 
can bring to facilities are those previously proven tech
niques and process control technologies which will 
ensure optimal long-term operations and maintenance 
at the lowest possible cost. Setting high standards of 

quality control in all areas is one of the first steps 
towards ensuring a facility is operated properly, main
tained effectively, and kept within budget. Coupled 
with a good solid team of operations and management 

specialists, quality assurance programs put in place 
during start up will serve to monitor, analyze, validate, 
track, and report on the whole system. Computeri
zation has made these tasks much easier. The larger 
operations and management firms have automated op
erations and management programs designed with 
enough latitude to cover the major areas of facility 
operations, maintenance, laboratory, cost control, and 
productivity. 

The heartbeat of any modem facility is in the com
puterized control center. The Project Manager will 
spend much of his time in this center monitoring the 
various stages of the operation through use of the 
computer controlled instrumentation and data read
outs being fed into the main terminal logs, as well as 
reviewing reports from various operations such as the 
traffic coordinator's station. 

Communications 

Keeping the owner and corporate management 
abreast of important activities at his facility is not the 
only necessary communications link. State and local 
regulatory agencies take a keen interest in all facilities 
which could adversely impact the environment. Main
taining a good relationship with these agencies by com
pliance with regulatory permit requirements and 
submittal of the proper supporting documentation se
cures their confidence in the operations and mainte
nance firm's ability to stay within the permit 
parameters. 

Reports covering air emissions, wastewater effluent 
quality, residue ash analysis, and any other regulatory 
requirements should be an integral part of the services 
provided by the operations and maintenance firm. 

OPERATIONS 

The term operations pertains to the integral system 
and process unit operations as they relate to system 
availability, reliability, and productivity. Operations 
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are critically dependent upon the support of mainte

nance, to be discussed next as a separate but vital 

function. The combined operations and maintenance 
team effort is essential to maximize revenue produc
tion, the ultimate key to the project's success and the 
survival of the service contractor. 

Operations are typically on a scheduled rotating shift 
basis. The shift foreman or supervisor usually assumes 
the facility management responsibilities for the period, 
with support from the project manager as required. 
During off shifts and weekends, they are supported by 
on-call maintenance staff for emergency repairs. 

Operations are guided by extensive in-depth formal 
procedures, troubleshooting guides, records, and data 
logs, all of which are continually reviewed and up-

165 

graded to enhance the system reliability and efficiency 
as well as revenue production. These records and daily 
summary reports provide valuable information to man
agement and the owner, and can highlight areas of 
pending difficulties. 

Typical specimen logs used to monitor the various 

systems include: 
(a) Boiler Process Log (Table 1) 
(b) Turbine/Generator Log (Table 2) 
(c) Daily Project Activities Summary Report (Table 

3) 
Logs and reports may be developed to fulfill the 

complexity of the system and contractual require
ments. These reports are not only used to technically 

monitor the system, they are also used to determine 



TABLE 1 BOILER PROCESS LOG 

BOILER PROCESS LOG Date _______ , 19 

0000 020010400 0600 0800 1000 l2001l400 1600 1800 2000 220012400 
Super Heated Steam (psi) 

F.D. Fan Outlet (in. H2O) 

Undergrate Air (in. H2O) I 
Over Fire Air (in. H2O) 

Distribution Air (in: H2O) I 
Furnace Draft (in. H2O) I 
Boiler Gas Outlet (in. H2O) I I 
Dust Collection Outlet (in. H2O) 

Air Heater Gas Outlet (in. H2O) I 
I.D. Fan Outlet (in. H2O) I 
Boiler Master (psi) 

Drum Level F/W Valve (\) V V / / V V V V V /' V /' V 
Fuel/Air Ratio (\) I I 
F .D. Fan Damper (\) 

Distribution Air Damper (\) 

Wood Feeder #1 (\) I 
Wood Feeder #2 (\) 

Wood Feeder #3 (\) 

Super Heated Steam (psi) 

S.H. Steam Temp. (OF) I 
Boiler Out Gas Temp. (OF) 

Air Heater Gas Out Temp. (OF) 

Feed Pump Discharge Press (psi) 

D.A. Tank Pressure/Temp. (psi/oF) V V /' /' V /' V V V V /' /' V 
Super Heater Steam Integrator 
(2400 Readinq) 

I---
24 hr. Steam Total 

I---24 hr. Softener #1 (gal.) 
-

24 hr. Softener #2 (gal.) 
-

Water Softener #1 (gal.) 
� 

Water Softener #2 (gal. ) 
-

Total Soft Water (gal.) 

fm2.8S.008 (Remarks on Back) 
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TABLE 2 TURBINE/ GENERATOR LOG 

TURBINE/GENERATOR LOG Date _______ , 19 __ 

0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 2400 

Steam to Tur./Gen. (psi) 

Steam Temp. (OF) 

Condenser Water Temp. F/W V V / V V /' 1/ / V / /' / /' 
Exciter (D.C. amps) 

ExCiter (D.C. volts) 

ExCiter Temp. (OC) 

Turbine rpm 

Turb./Gen. 011 Pres. to Bearings (psi) 

Turb./Gen. 011 Pump Discharge (psi) 

Oil Cooler Temp. (in/out, OF) I 
Fwd. Trb. Sr. Flw/011 Temp. (OF) V V / / V V / V / / / V V 
Aft. Trb. Br. Flw/011 Temp. (OF) V / V V V V V V / / V V V 
Gen. Br. Flw/Oil Temp. (OF) / V V V V V / V / / V V V 
Exct. Br. Flw/Oil Temp. (OF) / V V / V V V V V V V V V 
Gland Seal Steam (psi) 

Condo Vacc. (in HlO) 

Trb. 2rd Stg. Extrac. Stm. (psi) 

Trb. 3rd Stg. Extrac. Stm. (psi) 

Gen. Air Box Temp (OF) 

Air Box Water Temp. (in/out, OF) / / V / V /: /' V V V / / / 
Condenser Water Temp. (in/out, OF) / / V V / V V V V ,/ V V V 
Ejector Steam (psi) 

Generator A.C. kilovolts 

Fl Pwr. A.C. k11ovolts 

Fl Pwr. A.C. amps 

Generator A.C. amps 

Generator A.C. megawatts 

Generator kilowatts 

Fl Pwr. k110wat ts 

24 hr. Gen. kilowatts (gross) 
-

24 hr. Fl Pwr. kilowatts (net sales) 
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costs and revenues, and provide timely management 

and owner information. 
In addition to computerized reports and logs, sched

uled periodic reports should be generated to keep the 
owner and other project participants up-to-date. Such 
items as preventive maintenance and equipment repair 
status; scheduled outages or unscheduled down time 
at the facility; ineidents which may have affected op
erations, safety, and perhaps costs; training meetings 
and safety inspections; general overview of the oper
ations, as well as financial, budgetary, and cost variance 
should be reported periodically. 

Most service contractors guarantee that effluent dis
charged from or products produced by the owner's 
waste treatment facility will meet all specifications of 
the plant's permits or agreements. While most experts 
agree that waste treatment and power generating plants 
can be operated in a number of different control modes 
so that effluent and air quality meet permit specifica
tions, there are very few modes which can be termed 
"optimal." Wherever practical and feasible, process 
modifications (always with an eye toward operating 
economies and maximum revenues) are made at the 

owner's facility to produce the "optimal" control 
mode. 

A plan for these modifications is written down and 
all personnel are instructed as to their particular roles 
in the implementation of this plan of action. Emer
gency procedures and safety techniques are included 
in each plan of action. This written plan of action 
ensures that the least costly method of operation will 
continue. 

MAINTENANCE MANAGEMENT 

A good maintenance program protects the large cap
ital investment the owner has made in facilities and 
equipment. The service contractor must have the main
tenance systems and experience to provide proper care 
for the facilities and equipment. In addition, mainte
nance specialists should have experience in the crucial 

start-up period where equipment failure rates can be 

high and rapid response is necessary. 
Most reputable service contractors will implement 

a computerized maintenance system to provide all rou
tine maintenance and to schedule and monitor pre
ventive, remedial, and emergency maintenance as 
needed. The system should monitor, in detail, all those 
activities which reduce failures and extend the service 
lives of the facility and equipment. These activities 

include periodic lubrication, adjustments, visual in
spections, and scheduled overhauls. The system should 
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schedule each task and keep maintenance records to 
document equipment and system performance. 

Primary emphasis should be given to the imple
mentation of a preventive maintenance program. An 
equipment history file should be implemented and 
maintained, to assist in future capital planning and 
replacement decisions, as well as documenting com
pliance and new equipment warranty requirements. 

Other aspects of the maintenance program should in
clude: ( 1) maintaining an adequate inventory of spare 
parts and tools; and (2) providing intensive mechanical 
maintenance training to employees. 

A thorough maintenance program, when put in 
place at the time of start up, will help the owner realize 
the expected life span of its facilities or equipment, 
and safeguard against unnecessary replacement and 
failures. 

Report Generation 

The maintenance program output should include a 
series of predefined reports. These reports could be 
either printed out as hard copy on a printer or they 
could be displayed on the screen. The following tasks 
typify a well thought out computerized maintenance 
program. The samples provided were generated by the 
Computerized Operations and Maintenance Program 
(COMP's) developed by CH2M HILL. 

PM Due Report (Fig. 7) 
The PM Due Report is used to obtain information 

about the scheduled PM tasks which need to be per
formed on the plant's equipment. A report can be 
printed at any time for any due date desired. This 
report is most useful when printed out weekly. 

Each PM procedure is assigned a priority and a craft 
code when the program is set up. This gives the user 
the ability to obtain PM Due Reports for tasks with 
a specific priority and/or craft code. 

Another key feature of this report is that all pro
cedures which are over 10% overdue are flagged to 
notify the maintenance worker of overdue tasks. 

PM Overdue Report (Fig. 8) 
The PM Overdue Report gives the maintenance 

manager a tool to monitor the ability of the mainte
nance crew to keep up with the scheduled PM. This 
report is essentially the same as the PM Due Report 
with the exception that it only includes the PM pro
cedures which are over 10% overdue. 

Equipment Task Report (Fig. 9) 
The Equipment Task Report lists the PM procedures 

which have been designated for each piece of equip
ment. 
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E q u i pment - - - Eq u i pment Descr i pt i on ---

1 0  PMP 

Task No . Pr i N o .  ---- PM Proced ure - - -

Over 

D ue 

Craft 

Code 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

5026497024 

1 1  8 

2 1  8 
5026497034 

1 1  8 

2 1  8 

5026497044 

1 1  8 

2 1  8 

50267300 1 5  

1 1  8 

1 2  8 

2 1  8 

42 1 

5026730025 

1 1  8 

1 2  8 

2 1  8 

42 1 

50267970 1 3  

1 1  8 

2 1  8 

5026797054 

1 1  8 

2 1  8 

5026797064 

1 1  8 

2 1  8 

5026820064 

3 1  4 

5026820065 

1 1  8 

1 2  8 

2 1  8 

5026820075 
1 1  8 

1 2  8 

2 1  8 

4 1  4 

5026820 1 1 5 

1 1  8 

1 2  8 

5026820 1 25 

1 1  8 

1 2  8 

WOOD FEEDE R NO. 1 D R I VE ( N . ) 

0 1 8  POW E R  POS I T I ON E R  DA I L Y  PM 

243 POWE R  POS I T I ON E R  WEEKLY PM 

WOOD FEEDER NO. 2 D R I VE ( CN T R )  

0 1 8  POWE R  POS I T I ONER DA I L Y  PM 

243 POW E R  POS I T I ONE R WEEKLY PM 

WOOD F E E D E R  NO. 3 D R I VE ( S . ) 

0 1 8  POW E R  POS I T I ONE R DA I L Y PM 

243 POW E R  POS I T I ONER WEEKLY PM 

FORCED D RAFT FAN 

40 1 CHECK FOR V I B RAT I ON S / E X CESS I VE NO I SE 

202 CHECK FOR E X CESS I VE BEAR I NG TEMPE RATURE 

254 LUB R I CATE STEADY REST BEAR I NG ( AQUA LUBE ) 

209 I NSPECT D R I VE BELTS 

I NDUCED D RAFT FAN 

40 1 CHECK FOR V I B RAT I ONS / E X CESS I VE NO I SE 

202 CHECK FOR E X CESS I VE BEAR I NG TEMPE RATURE 

254 LUB R I CATE STEADY REST BEAR I NG ( AQUA LUBE ) 

4 5 1  L u br i c a t e  Co u p l i n g  ( L i t h  BMPG ) 

D I ST R I BUTOR A I R DUMPER D R I VE 

0 1 8  POW E R  POS I T I ON E R  DA I L Y PM 

243 POW E R  POS I T I ONE R WEEKLY PM 

F .  D. FAN DAMPER D R I VE 

0 1 8  POW E R  POS I T I ONE R DA I L Y  PM 

243 POW E R  POS I T I ON E R  WEEKLY PM 

1 . 0 . FAN DAMP E R  D R I VE 

0 1 8  POW E R  POS I T I ONE R DA I L Y  PM 

243 POW E R  POS I T I ON E R  WEEKLY PM 

BO I LE R  FD PUMP # 1  D R I VE ( N )  

55 1 V I SUALLY I NSPECT ELECT R I CAL EQU I PMENT 

B O I L E R  FEED PUMP NO. 1 ( N . ) 

40 1 CHECK F O R  V I B RAT I ON S / E X CESS I VE NO I SE 

202 CHECK FOR E X CESS I VE BEAR I NG TEMPERATURE 

4 3 4  CHECK/ REF I L L REDUC T I ON BOX O I L  ( DC 1 50 )  

BO I LE R  FEED PUMP NO. 2 ( S . ) 

40 1 CHECK FOR V I B RAT I ON S / E X CESS I VE NO I SE 

202 CHECK FOR E X CESS I VE BE A R I NG TEMPE RATURE 

4 3 4  CHECK / REF I LL REDUC T I ON BOX O I L  ( DC 1 50 )  

50 1 CHECK MOTOR-COUPL I NG AL I GNMENT 

T REATED WATER PUMP NO. 1 ( N . ) 

4 0 1  CHECK FOR V I B RAT I ON S / E X CESS I VE NO I SE 

202 CHECK FOR E X CESS I VE BEAR I NG TEMPERATURE 

T REATED WATER PUMP NO. 2 ( S . ) 

40 1 CHECK FOR V I B RAT I ON S / E X CESS I VE NO I SE 

202 CHECK FOR E X CESS I VE BEAR I NG TEMPERATURE 

FIG. 7 PM DU E REPORT (07 / 15/85) 
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= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Eq u i pment 

I D  
.., 

T a s k  No. Pt' i 

5026497024 

1 1  8 

2 1  8 

5026497034 

1 1  8 

2 1  8 

5026497044 

1 1  8 

2 1  8 

50267300 1 5  

1 1  8 

1 2  8 

2 1  8 

42 1 

5026730025 

1 1  8 

1 2  8 

2 1  8 

42 1 

50267970 1 3  

1 1  8 

2 1  8 

5026797054 

1 1  8 

2 1  8 

5026797064 

1 1  8 

2 1  8 

5026820064 

3 1  4 

5026820065 

1 1  8 

1 2  8 

2 1  8 

5026820075 

1 1  8 

1 2  8 

2 1  8 

4 1  4 

5026820 1 1 5 

1 1  8 

1 2  8 

5026820 1 25 
1 1  8 

1 2  8 

- - - Eq u i pment Descr i pt i on - - 

P M P  

No. - - - - PM Proced ure - - -

WOOD F E E D E R  NO. 1 D R I VE ( N . ) 

0 1 8  POWE R  POS I T I ON E R  DA I L Y  PM 

2 4 3  POWE R POS I T I ON E R  WEEKLY PM 

WOOD FEEDE R NO. 2 D R I VE ( CN T R )  

0 1 8  POW E R  POS I T I ON E R  DA I L Y PM 

2 4 3  POWER POS I T I ON E R  WEEKLY P M  

WOOD FEEDE R NO. 3 D R I VE ( S . ) 

0 1 8  POW E R  POS I T I ON E R  DA I L Y PM 

243 POW E R  POS I T I ONE R WEEKLY PM 

FORCED D RAFT FAN 

4 0 1  CHECK FOR V I B RAT I ON S / E XCESS I VE NO I SE 

202 CHECK FOR E XCESS I VE BEAR I NG TEMPERATURE 

254 L U B R I CATE STEADY REST BEAR I NG ( AQUA LUBE ) 

209 I NSPECT D R I VE BELTS 

I NDUCED D RAFT FAN 

40 1 CHECK FOR V I B RAT I ON S / E X CESS I VE NO I SE 

202 CHECK FOR E X CESS I VE BEAR I NG TEMPERATURE 

254 LUB R I CATE STEADY REST BEAR I NG ( AQUA LUBE ) 

4 5 1  L u br i c a t e  C o u p l i n g  ( L i t h  BMPG ) 

D I ST R I BUTOR A I R  DUMPER D R I VE 
0 1 8  POW E R  POS I T I ON E R  DA I LY PM 

243 POW E R  POS I T I ON E R  WEEKLY PM 

F .  D. FAN DAMP E R  D R I VE 

0 1 8  POW E R  POS I T I ON E R  DA I L Y PM 

2 4 3  POW E R  POS I T I ON E R  WEEKLY PM 

I . D . FAN DAMPE R D R I VE 

0 1 8  POW E R  POS I T I ON E R  DA I L Y PM 

2 4 3  POWER POS I T I ONER WEEKLY PM 

BO I LER FD PUMP # 1  D R I VE ( N )  

55 1 V I SUALLY I NSPECT ELECT R I CR L  EQU I PMENT 

BO I L E R  FEED PUMP NO. 1 ( N . ) 

40 1 CHECK FOR V I B RAT I ON S / E X CESS I VE NO I SE 

202 CHECK FOR E X CESS I VE BEAR I NG TEMPE RATURE 

434 CHECK / RE F I LL REDUC T I ON BOX O I L  ( OC 1 50 )  

BO I L E R  FEED PUMP NO. 2 ( S . ) 

40 1 CHECK FOR V I B RAT I ONS / E X CESS I VE NO I SE 

202 CHECK FOR E X CESS I VE BEAR I NG TEMPERATURE 

434 CHECK / RE F I L L  REDUC T I ON B O X  O I L  ( OC 1 50 )  

50 1 CHECK MOTOR -COUPL I NG AL I GNMENT 

T REATED WATER PUMP NO . 1 ( N . ) 

4 0 1  CHECK FOR V I B RAT I ON S / E X CESS I VE NO I SE 

202 CHECK FOR E X CESS I VE BEAR I NG TEMPERATURE 

T REATED WATER PUMP NO. 2 ( S . ) 

40 1 CHECK FOR V I B RAT I ON S / E X CESS I VE NO I SE 

202 CHECK FOR E X CESS I VE BEA R I NG TEMPE RATURE 

FIG. 8 PM OVERDUE REPORT <07 / 15 / 85) 
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"Ovet' 

D u e  

3900 

4 7 1 

3900 

4 7 1 

3900 

4 7 1 

1 8000 

1 8000 

2485 

98 

1 8000 

1 8000 

2485 

98 

3900 

4 7 1 

3900 

47 1 

3900 

4 7 1  

40 

4 1 00 

4 1 00 

500 

4 1 00 

4 1 00 

500 

64 

4 1 00 

4 1 00 

4 1 00 

4 1 00 

C r a f t  

Code 

MECH 

MECH 

MECH 

MECH 

MECH 

MECH 

OPER 

OPER 

OPER 

OPER 

OPER 

OPER 

OPER 

OPER 

MECH 

MECH 

MECH 

MECH 

MECH 

MECH 

ELEC 

OPER 

OPER 

OPE R 

OPER 

OPER 

OPER 

MECH 

OPER 

OPER 

OPE R 

OPER 



Eq u i pment Ran g e : 5026 1 2 70 1 4  - 5027000000 P r i o r i t y  Ran g e : 1 - 9 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Eq u i pment --- E q u i pment Descr i p t i o n - - -

I D  T a s k  P M P  

--- PM Procedure 

Ct'a f t  

Code 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

5026 1 270 1 4  

5026 1 2 70 1 5  

5026 1 2 7024 

5026 1 27025 

5026 1 6 70 1 3  

502629 1 0 1 3  

50264890 1 3  

5026497024 

5026497034 

5026497044 

50267300 1 4  

50267300 1 5  

50267300 1 6  

5026730024 

5026730025 

5026730026 

5026750707 

50267630 1 3  

50267630 1 4  

5026763023 

1 1  

2 1  

5 1  

1 1  

2 1  

5 1  

1 1  

2 1  

5 1  

5 1  

52 

53 

6 1  

1 1  

1 2  

2 1  

42 

52 

52 

53 

6 1  

1 1  

1 2  

2 1  

42 

T RUCK DUMPER PUMP # 1  D R I VE ( E )  

T RUCK DUMPER PUMP N O .  1 ( E . ) 

T RUCK DUMPER PUMP #2 D R I VE ( W )  

T RUCK DUMPE R PUMP NO. 2 ( W . ) 

T RUCK DUMPER 

T RUCK WE I GH SCALES 

FUEL CONVEYOR 

WOOD FEEDE R NO. 1 D R I VE ( N . ) 

8 0 1 8  POWER POS I T I ONE R 

8 2 4 3  POWER POS I T I ONE R 

5 754 POWER POS I T I ON E R  

W O O D  F E E DE R N O .  2 D R I VE ( CN T R ) 

8 0 1 8  POWER POS I T I ONE R 

8 2 4 3  

5 754 

WOOD FEEDE R 

8 0 1 8  

8 243 

5 754 

POWE R POS I T I ONER 

POWER POS I T I ONE R 

N O .  3 D R I VE ( S . ) 

POWER POS I T I ONE R 

POWE R POS I T I ONER 

POWER POS I T I ONE R 

F O RCED D R A F T  FAN D R I VE 

DA I L Y PM 

WEEKLY PM 

SEM I ANNUAL PM 

DA I L Y PM 

WEEKLY PM 

SEM I ANNUAL PM 

DA I L Y  PM 

WEEKLY PM 

SEM I ANNUAL PM 

1 

1 

1 

.-.l: '-' .::.-,c. 
875 

776 

879 

L U B R I CATE MOTOR B E A R I NGS ( ALUM ) 

CLEAN MOTOR 

CHECK MOTOR RUNN I NG AMPS 

CHECK MOTOR I NSULAT I ON RES I S T ANCE 

F O RCED D RA F T  FAN 

8 

8 

8 

1 

40 1 

202 

254 

209 

CHECK FOR V I B RAT I ON S / E X CESS I VE NO I S E 

CHECK F O R  E X CESS I VE BEAR I NG TEMPERATURE 

LU B R I CATE STEADY REST BEAR I NG ( AQUA LUBE ) 

I N SPECT D R I V E BELTS 

F O RCED D RA F T  FAN V - BELT D R I VE 

I NDUCED DRAFT FAN D R I VE 

1 

1 

1 

I N DUCED 

8 

8 

8 

875 

776 

CLEAN MOTOR 

L U B R I CATE MOTOR BE A R I NGS ( ALUM ) 

CHECK MO T O R  RUNN I NG AMPS 

879 CHECK MOTOR I NSUL A T I ON RES I STANCE 

D RA F T  FAN 

4 0 1  

202 

254 

CHECK FOR V I B R A T I ONS / E X CESS I VE NO I SE 

CHECK F O R  E X CESS I VE BE R R I NG TEMPE RA T U RE 

LUB R I CATE STEADY REST B E A R I NG ( AQUA LUBE ) 

4 5 1 L u bt' i c a t e  C o u p l i y, g  ( L i t h  BMPG ) 

I NDUCED D R A F T  FAN COUPL I NG 

BO I LE R  CONTROL PANEL 

ROTARY SEAL FEEDER N O .  1 ( N . ) 

ROTARY SEAL F D R  # 1  DR I VE ( N )  

ROTARY SEAL FEEDE R N O .  2 

FIG. 9 EQUIPMENT TASK REPORT (07 / 15/85) 
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E q u i pment R a n g e : 0 4 1 2 1 0  04 1 2 1 0  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

E q u i pment I D :  0 4 1 2 1 0  D e s c r i p t i on :  S e c  C l a r # 1  D r i v e M e c h a n i s m 

M a n u f a c t u r e r : E n v i r e x  S u p p l i e r :  G . T .  M o r r i s  
M o d e l N o . : H - 4 0 L T  2 0 ;:: 0  L o s t  C t'e�, k  Dt' . 
S e t' i a l  No . : H-- l 1 (,;.'::2;7 S i':\ J. er'l D R  
I n i t i a l  C o s t : 1 50 0 0  C a t a l o g  1 0 :  A 1 2  9 7 2 8 8  
S t a r t u p  D a t e :  0 3 / 1 7 / 7 8 D r a W I n g 1 0 :  S 8  5 0 3 / 2 9 2 - 9 2 9 2  
._- _ .  __ ._ -- - - _ ._ - -- .. - ._- - - - _ ._- _ ._ ._ -_ ._ .. _ ... - -- - _  .. -. _ - -_ ._ - - - - - - - _ ._ - - _. _ - -- _ ._ . _. _ - _ ._ - - _ ._ - - _ ._ . - . - . _- - .- - -- -_._ .. _ --

G e r, e t' a  1 
8 0 '  - 0 " D i aft�e t et' T ,=.:, w --·Bt'o w i  S k i mrol i n g  : F l ow < t>1 G D ) -- 2 :

,
�) H '; . _ M a x , .  5 0 4  M i n : 

Ve l o c i t y  ( F P S )  - � . 6 5 7 M a x ,  . 6 6 4  M I n : H e a d l oss - . 8 � 3  F l  M a x : 

Rec ommen d e d S p a r e  P a r t s  

DCH 
WMG 
VPG 
DBD 

D t' i. v e Ch a i n  
Wot' m  Geat' 
V e n t  P l u g s  ( S et ) 
D e f  1 ect Ot' B 1 a el e  

S P R  
W R M  
SQG 
I'1S W  

Dt' i ve S p t'o c k e t  
WOt' m  
S q u e e g e e s  f o r  S c r a p e r  R r m  
T o r q u e  O v e r l o a d  M i cr o  S w i t c h e s  

FIG. 10 EQUIPMENT DATA REPORT 

Equipment Information Report (Fig. 10) 
The Equipment Information module contains spe

cHic information on each piece of equipment in the 
program. This includes such information as the sup
plier, recommended spare parts, serial number, start
up date, catalog number, and nameplate data. This 
module provides a place to store away a large amount 
of "equipment information" which can be easily mis

placed or lost. The Equipment Data Report sample 
shown in Fig. 10 summarizes all of the information 

input into the program on a specific equipment item. 
It is an extremely useful tool which makes it easy to 

find information that would normally be in more than 
one place. 

PM Procedures Report (Fig. 11) 
This report shows the tools required, materials re

quired, and special instructions for performing each 
PM procedure. This gives plant staff a place to doc
ument helpful hints, lubricant types, safety procedures, 
and useful tools which will help in performing the 
specific PM procedures, making the job easier and 
safer. New experiences need to be recorded, and added 
through the PM Procedure Updates section of the 
program. 

Work Order Reports 

The work order program defines all maintenance 
tasks in the plant as one of two types: planned or 
scheduled maintenance, and breakdown or corrective 
maintenance. All breakdown or corrective mainte
nance is defined as Work Orders. 
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The program contains a module which allows the 
plant staff to enter specific information from work 
orders which have been performed. This information 
provides the staff with information which can aid in 
identifying problem equipment and costs associated 
with work orders. The following two reports are gen
erated from this program. 

Work Order History Report (Fig. 12) 
This report lists all of the work orders performed 

for a specific equipment item. Information included 

with each work order is the work order ID, description 
of work performed, hours worked, and materials cost. 

This is a very easy way to search through years of 
. work orders and quickly come up with the ones per
formed on specific equipment. All of the original work 
orders should still be filled in case more specific in
formation is needed. These can be easily found if filed 
in logical order of work order ID. 

Work Order Summary Report (Fig. 13) 
This report tells the total number of work orders 

performed on a piece of equipment over the designated 
data range. Also included is the total labor cost, ma
terials cost, initial equipment cost, and total mainte
nance cost/initial equipment cost (TC/IC) factor. 

This report is very useful in identifying problem or 
high maintenance equipment. The TC/IC Factor 
shows the relative cost of work order maintenance to 
the equipment's value, providing justification for re
placement of high maintenance items. 



PM Proced ure R a n g e : 00 1 0 1 0  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

PMP NO . : 0 0 1  

C r a f t  Cod e : OPE R 

Too:, 1 s Req '..l i r'ed 

M a t er i a l s  Req u i red 

Descr' i p t  i or, : 

S pec i a l  I n st r u c t i on s  

P M P  N O . : 002 

C r a f t  Co d e : P T W K R  

Too l s  Req u i t'ed 

M a t er i a l s  Req u i r e d  

Oescr' i p t  i o:'n : 

S pec i a l  I n s t r u c t i o ns 

PMP N O . : 003 

C r a f t  Co d e :  oPE R 

T oo l s  Req u i t'ed 

M a t er i a l s  Req u i r ed 

Oesct' i p t  i or, : 

S pec i a l  I n s t r uc t i ons 

PMP N O . : 004 

C r a f t  Cod e : OPE R 

Toe, l s  R e q l, i t'ed 

M a t er i a l s  Req u i re d  

Oesct' i p t  i o:,n : 

S pec i a l  I n st r u c t i ons 

PMP NO. : 005 

Cra f t  C o d e : OPER 

Too:, l s  Req u i  t'ed 

Ma t e r i a l s  Req u i r e d  

Oesct' i p t  i on :  

S pec i a l  I ns t r uc t i o ns 

I NSPECT F O R  UNUSUAL N O I SE OR V I B RA T I ON 

T i me Req '.' i r'ed : 

I N SPECT F O R  E X C ES S I VE HEAT 

T i me Re q u i red : . 2  

RECO R D  PUMP RUNN I NG HOURS 

T i me Req u i t'ed : 

CHECK OPE RA T I ON OF CHECK VALVE 

T i m e Req u i t'ed : 

CHECK OPERAT I ON OF BUBBLE R S Y S T E M  

T i me R e q  u i t'ed : 

FIG. 11 PM PROCEDURES REPORT <07/ 15/85) 
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Eq u i pment R a n g e : 0 1 1 1 1 1  0 1 2 4 1 0  
S t a t' t  Er,d 
D a t e :  0 1 / 0 1 / 8 3  D a t e :  0 8 / 2 5 / 8 3  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

E q u i p ment Work O r d e r  
I D I D  

Da t e  WO 
C l osed 

Desct' i p t  i or, P a t' t  s 
C,:. s t  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =- � = = = = =  

0 1 1 1 1 1  
0 1 1 1 1 1  
0 1 1 1 1 2 
0 1 1 1 2 2 
0 1 1 5 1 0  
0 1 2 1 1 1  
0 1 2 1 2 1  
0 1 1 5 1 0  

14002 1 0 3 
14002298 
14002 1 5 9 
A002 3 2 1 
A00238E, 
A002468 
A002470 
14002503 

0 1 / 2 5 / 8 3 
0 3 / 1 0 / 83 
Oe: / 1 2 / 8 3  
0 3 / 1 5 / 83 
03 / 2 .':: / 8 3  
0 4 / 22 / 83 
0E, / 2 2 / 8 3 
0 5 / 0 3 / 8 3  

Re p l aced u p pe r  mot or bear i n g  
Re p l a ced l ower mot o r  bear i h g 
Re b u i l t  I m pe l l er 

8 . 0 
1 0 . 0 
1 .�: . 0 

8 . 0 
2 . 0 
4 . 0 
8 . 0 
4 . 0 

7 5  
7 5  

350 
350 R e b u i l t I m pe l l er 

U n p l u g g ed f u e l p u m p  o 
4 5 0  
1 1 5 
c� 3 0  

RewolJ y, d fIl.:.t Ot"' 
Re p l aced s h a f t  s l eeve 
R e p l aced t ach 

FIG. 12 WORK ORDER HISTORY REPORT 

Eq u i pment Ran g e :  0 1 1 1 1 1  

E q u i  pmer,t 
I D  

No. o f  
WO' s 

0 1 2 5 1 0  

La bot' 
Cost 

P a t' t  s 
Cost 

S t a t' t  
D a t e : O l / 0 1 / 7 8 

T ot a l  
Cost 

E n d  
Dat e : OB l c: 5 / B3 

I r, i t i a l  T C I I C  
C o s t  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

0 1 1 1 1 1  4 $ 3 5 3  $ 1 9 0 $ 5 4 3  $ 850 0 . 64 
0 1 1 1 1 2 2 $ 1 5 4 $ 4 1 5  $ 56r;j $ 7 7 5  0 . 7 3  
0 1 1 1 1 3 $ 3 0  $ 0 $ 30 $ 950 0 . 0 3  
0 1 1 1 2 1  $ 4 5  $ 1 2  $ 57 $ 850 0 . 0 7  
0 1 1 1 22 2 $ l E,O $ 3'3�:; $ C l:� C:-..J ..J  ... J $ 7 7 5  0 . 7 2  
0 1 2 1 1 2  3 $ 1 4 5 $ 2 2 7  $ :372 $ 775 0 . 48 
0 1'2 1 <':: 1  $ 74 $ 1 8 '+ $ .'::50 $ 850 0 . 30 
0 1 22 1 0  $ ,<= � -.J  $ 1 1 0 $ 1 4 5 $ 1 0 5 1 .  3 8  
0 1<':: 5 1 0  3 $ 1 5E, $ 4 '+ 7  $ (;03 $ 8900 0 . 0 7  

FIG. 13 WORK ORDER SUMMARY REPORT 

Hardware and Software Selection 

The operations contractor should carefully select the 
computer hardware so it will meet the needs of the 

plant. They should be certain the disk storage capacity 
is large enough to handle their total data base and also 
keep computer uses other than maintenance manage
ment in mind when selecting their system. Other uses 
could include: 

(a) inventory control 
(b) process control 

(c) monthly monitor reporting 
(d) word processing 
The contractor should always keep in mind that the 

proper hardware is essential to operate their software, 

yet the software must be able to provide the desired 
results. 
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SUMMARY 

Reputable service contractors provide comprehen
sive operations and maintenance services, including but 
not limited to: 

(a) project administration 

(b) organization of project team 
(c) employee motivation 
(d) total staff training 
(e) maintenance management 
(f) quality assurance 
(g) process optimization 

(h) budgeting and cost control mechanisms 
(i) client-contractor communications network 
(j) public awareness programs 
(k) safety procedures/training/emergency re

sponse program 



(l) computerized management tools 
Key features to consider in selecting a service con-

tractor should include a firm with: 
(a) experience in similar projects 
(b) professional motivated employees 
(c) high quality, low cost service 
(d) a flexible approach to project needs 
(e) a strong preventive maintenance program 
(f) strong contractor-client communications 
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