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ABSTRACT

The Planned Maintenance Management System (PMMS) installed at Lower
Potomac Wastewater Treatment Plant of Fairfax County, Virginia was evaluated.

Descriptions are presented of the.original manual system and the current
computerized version. Although the current system is computerized, senior
personnel are still required to make key decisions if the system is to work.
The system, to work effectively, requires the cooperation and participation
of all plant personnel.

The system is easy to use and only one person is required to code data
for computer interface. The system can be enlarged to accommodate plant
expansion, other plants within the County's jurisdiction, other utilities and
other facilities.

The data collected are enumerated and the benefits of the PMMS are
described. Data are analyzed to demonstrate some of the benefits of the
system. Valuable data could be supplied to designers, equipment manu-
facturers, and purchasing agents.

This report was submitted in fulfillment of Contract No. 68-01-622Z by
PEER Consultants, Inc. under the sponsorship of the U.S. Environmental Pro-
tection Agency. This report covers a period from September 29, 1980 to May
29, 1981, and was completed as of May 29, 1981.

iv



CONTENTS

(0T =10 ) s iif
Abstract........cceuuennn. eeeeessessensecenaasenennons Ceeeenaeens iv
e L - - Vi
L LT eeeeaes eees ereieeneees vii
0 T 1o 3P 1X
EXeCUtiVe SUMMArY..ivviieineeeenrcecnocssossceasasssanonssansnns X
T. Introduction......coeeiiiiieiieinenneneenncanacnnananas 1
2. ConclusionS.....c.ceeeevevnns et eseeecesecaceenccaaaceaans 2
3. Recommendations........ceeveieceeneccnasconssacnscnonnons 3
4. Description of the Manual System...........cciivniinen. 4
5. Description of the Existing System............cccvvvenn. 16
6. Methodology for Assessing Benefits of a :
Maintenance System........c.cciiiiverrereceocnasncnnnns 28
7. Data AnalySiS..eeeeeeeeeeceeeeaceeccncsaocanacssonnncens 35
Appendices
A. Forms for PMMS as Originally Installed.................. 11
B. Imput Documents for PMMS Now in Use......coevvuervennnns 84
References....cvvvereenceeccancncanns e eseceteeteecitacnntetasaans 122



\‘

Number

1

2

FIGURES

Equipment configuration list......iieeeteenrecetncereccnnccnnane

Average flow in MGD vsS. time.ccecececoccnnnsesccncnsssesocccnnens

Influent and effluent of BOD and SS vs. time (1970-1980)

Corrective maintenance history function no. 141
1976 to date............I..........‘........... ..... e 6 0 060 06 0 00

Corrective maintenance history cost for selected

function no.

1976 tO dateu.oooooo-oooononoco...o.ooo..ooo.ooo

Vi

38

47

48



TABLES

Number Page
1 Input Data Documents for Existing PMMS............... ceescsesasene ... 23
2 Guidelines for Evaluating a Maintenance Management System........ . V4
3 PM and CM Hours at LPWIP - Year 1976......cc00000.. cecersensans ee.... 40
4 Monthly Average Maintenance Manpower (Man-Hours)...... secsannas R
5 Analyéis of Corrective Maintenance History 1976-1980

Incinerators..... cereese Cecessernes cesesecsencsesnssee cevseeens ... 90
6 Analysis of Corrective Maintenance History 1976-1980
Incinerators..... Ceteeetateaaeanean Ceeeeeeeteeteeeneaaeen ceeeee ... 51
7 Analysis of Corrective Maintenance History 1976-1980
Sludge Plunger Pumps........ chescennssesns sesesearsesescacsesvenns 52
8 Analysis of Corrective Maintenance History 1976-1980
Sludge Plunger PUmpS...cceeveccccseccccocncss seesesacacs eesseesens 53
9 Analysis of Corrective Maintenance History 1976-1980
Air Blowers...eceaveece. seesscsssans tecsccssesnsssaean cecsesssssascns 54
10 Analysis of Corrective Maintenance History 1976-1980 .
Air Blowers.....coee.. Ceeeeessarteneanns Ceetececeaeaean ceetcanenen 55
11 Analysis of Corrective Maintenance History 1976-1980
Vacuum Pump MOtOTrS...eeeerseoecccceconsoccccnsns ceseessesessscenses 56
12 Analysis of Corrective Maintenance History 1976-1980
Vacuum PUump MOCOTS .. eeteoeeoesnsssancsossssossassosassossssoscnsscses 57
13 Analysis of Corrective Maintenance History 1976-1980
ChlorinatorS..seecesoccces R R eretecssescssesssesnns seess 58
14  Analysis of Corrective Maintenance History 1976-1980
ChlorinatorsS..icecececscoecses cecescacncsacas sesescsensons sesesesns 59
15 Analysis of Corrective Maintenance History 1976-1980
Low Lift PumpS...eeeceen. Ceesessanaa Ceetecasetettescearaanen ceenene 60
16 Analysis of Corrective Maintenance History 1976-1980
LOoWw Lift PUMPS. . tveectoeeerssansaasscnassansassossnsansanssssncesas 61



Number

17

18

19

20

21

22

Analysis of Corrective Maintenance History 1976-1980

Sludge Conveyors....... Gt et etaeeteseeescesctssesatactrnotanaean 62
Analysis of Corrective Maintenance History 1976-1980 :

Sludge CONVeYOTrS..ceesseeceasocecaossscsnases seeseasenes cecesases 63
Analysis of Corrective Maintenance History 1976-1980

Secondary Clarifiers..cceecececcceccecesosssccssassoccascscssones 64
Analysis of Corrective Maintenance History 1976-1980 :

Secondary Clarifiers...... cecscsaases cetrescsnns eeetesascsencans 65
Summary of Analyses of Corrective Maintenance Histories............ 66

Summary of Analyses of Corrective Maintenance Histories............ 67

viii



EXHIBITS

Number
1 Summary of steps for PMMS for preventive maintenance
and corrective maintenance applications.........ceeccesoccccss
2 Preventive maintenance flow diagram .....ccecceeetveccccccscnces
3 Summary of steps for the computerized PMMS........;.............
4 Flowchart for PMMS corrective maintenance..ccceceseccecesscosses
5 Organization for organization and maintenance staffeeciecscecces

ix

13
18
19
22
27



EXECUTIVE SUMMARY

A planned maintenance management system is one that makes use of a sys-
tematic approach to preventive and corrective maintenance. The system re-
duces the maintenance of a large number of equipment items, many of which are
complex, to a set of explicit, simple tasks that can be easily scheduled,
managed, performed and recorded. In addition, recordkeeping and feedback
features provide for complete accounting of maintenance labor, material and
contractor costs for management use in cost control and budget preparation.
The Planned Maintenance Management System (PMMS) installed at the Lower
Potomac Wastewater Treatment Plant, Fairfax County, Virginia is such a sys-
tem.

Descriptions are presented of the original manual system and the current
computerized version. Although the current system is computerized, senior
personnel are still required to make key decisions if the system is to work.
The system, to work effectively, requires the cooperation and participation
of all plant personnel.

The system is easy to use and only one person is required to code data
for computer interface. The system can be enlarged to accommodate plant
expansion, other plants within the County's jurisdiction, other utilities and
other facilities.

The data collected are enumerated and the benefits of the PMMS are de-
scribed. Data are analyzed to demonstrate some of the benefits of the system.
Valuable data could be supplied to designers, equipment manufacturers, and
purchasing agents. ‘

Preventive maintenance and corrective maintenance have been improved as
a result of the PMMS. Senior plant personnel report that since the was
installed in 1972, critical corrective maintenance has been diminished as
evidenced by a reduction in emergency situations. The attitude of maintenance
personnel has improved. More elective maintenance, which improves the ap-
pearance of the plant, is now carried out.

A number of deficiencies has been noted. There have been gaps in data
input and there has been input of inaccurate data as a result of organiza-
tional difficulties. There is no computer terminal at the treatment plant,
which causes an interface problem between maintenance staff and the computing
center. The parts inventory component has not been implemented and the full
manpower management component of the system is not utilized. Full use of the
PMMS for cost control and budget preparation has not taken place. Thus the
full potential of the installed PMMS has not been utilized as yet.



SECTION 1
INTRODUCTION

A planned maintenance management system was installed at the Lower
Potomac Wastewater Treatment Plant in 1972. Two reports, (1) A Planned
Maintenance Management System for Wastewater Treatment Plants by Sargent and
Rudich - EPA-600/2-73-004, November 1973 and (2) Evaluation of a Preventive
Maintenance Management System for Wastewater Treatment Plants - Prepared for
U.S. Environmental Protection Agency, Contract No. 68-01-4164 by Enviro Plan,
Incorporated, April 1977, have been prepared in this system and its effective-
ness. The first report describes the PMMS in technical detail; discusses the
installation of the PMMS, at the Lower Potomac Wastewater Treatment Plant,
including acceptance by the mechanics and coordination with plant operations;
and outlines the application of the PMMS to other wastewater systems. The
second report provides an evaluation of the effectiveness of the PMMS at the
LPWTP from its installation in 1972 through 1975. The name of the system is
Planned maintenance Management System and is hereinafter referred to as the
PMMS, although in the second report, the system was referred to as a Preven-
tive Maintenance Management System.

The purpose of this report is to describe the system that was installed
in 1972 and to describe the manner in which the system is presently being
operated. When the system was installed in 1972 it was operated manually.
The system was computerized in 1976. Documentation has been lacking as to how
the system is being operated, the use to which the system is being put, and
the cost-effectiveness of the installed system.



SECTION 2
CONCLUSIONS

The following conclusions are made for the evaluation of the PMMS in-
stalied at the Lower Potomac Wastewater Treatment Plant.

1.

The PMMS as installed at the Lower Potomac Wastewater Treatment
Plant has all of the components of an exemplary maintenance manage-
ment system.

Both planned and corrective maintenance programs are being carried
out in a satisfactory manner.

The feedback features of the PMMS, which could be useful to manage-
ment in cost control and budget preparation, are being used only to
a limited extent.

An organizational deficiency has existed that resulted in in-
complete and inaccurate data entering the system.

The interface between plant maintenance personnel and the computing
center needs improving, including the need for a computer terminal
at the plant.

The information that can be derived from the PMMS is considerably
greater than that required to carry out the physical and mechanical
aspects of an effective preventive and corrective maintenance pro-
gram.

Although the system is computefized, senior personnel are still re-
quired to make key decisions if the system is to work.

Quantification of the benefits of the PMMS such as cost-effective-
ness is difficult although semi-quantitative and qualitative as-
sessment, including subjective analysis of benefits, can be pre-
sented.



SECTION 3
RECOMMENDATIONS

The U.S. Environmental Protection Agency in cooperation with Fair-
fax County, Virginia should report to the wastewater treatment com-
munity-designers, plant operation and maintenance personnel, plant
managers and executives, plant builders, educators and trainers,
regulatory authorities, and governmental officials - on the suc-
cessful and effective maintenance management system at the Lower
Potomac Wastewater Treatment Plant.



SECTION 4
DESCRIPTION OF THE MANUAL SYSTEM

Based on a review of the two reports (see page 1) prepared on the PMMS
and on interviews with the Fairfax Wastewater Treatment Plant (WWTP) person-
nel, the following describes the manual PMMS.

CAPABILITIES OF THE PMMS

The PMMS as installed in 1972 was capable of handling two types of main-
tenance procedures. These were:

1. Preventive Maintenance .- those regularly scheduled procedures nec-
essary for routine care and inspection of the equipment to prevent
possible breakdowns and to insure proper operation and efficiency.

2. Corrective Maintenance - those procedures necessary to restore op-
eration of the equipment after a breakdown or when a possible break-
down is anticipated.

The system is also capable of handling overhaul maintenance and elective main-
tenance.

The PMMS as installed consisted of five parts. These were:

The Equipment Configuration List

The Maintenance Procedures

The Preventive Maintenance Cycle Schedule
The Recordkeeping System

The Maintenance Data Feedback System

N H W
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The Equipment Configuration List

This list was essential to the successful implementation of the PMMS and
represented the complete inventory of all of the WWTP's equipment. This list
displayed all of the electrical and mechanical equipment used in the treatment
works, the utilities and services (laboratory).

Each item in the plant that could require maintenance was given a dis-
crete five (5) digit number. The numbering system was developed in the
following manner.



The first digit identified the major systems in tHe plant. An
example of this is as follows:

1 XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

I~jov ol = el rol

Raw Wastewater Station

Primary Treatment

Secondary Treatment
Chlorination and Effluent Flow
-Sludge- and Scum Processing
Incineration

Utilities and Services

The second digit identified the subsystems within the major
systems.
Processing (5XXXX) are as follows:

51XXX
52XXX
53XXX
5AXXX
55XXX
5BXXX
57XXX
5BXXX
5IXXX

Examples of this for the major system Sludge and Scum

auxiliary services

sludge thickening

sludge storage and handling
scum handling

lime. treatment _

ferric chloride treatment
polymer treatment

sludge conditioning

vacuum filtration

The third digit identified the functional unit within the sub-
system described in item 2 above. Examples using the sludge
thickening (52XXX) subsystem are as follows: '

521XX
522XX
523XX
528X X
525XX

thickeners
pumping

flow measurement
chlorination
compressed air

The fourth digit identified a piece of electrical or mechani-
cal equipment within the functional unit described in item 3

above.

5211X
5212X
5213X
5214X
5215X
5216X

Examples for the thickeners (521XX) are as follows:

sludge thickeners
gear motors

chain drives

gear reducers
ventilators
controls

The fifth digit identified which parallel units were being
specified. Thus, for the electrical and mechanical equipment
itemized in item 4 above, the numbering system continued as
described below:

52111 - sludge thickener No. 1

5



52112 - sludge thickener No. 2
52121 - gear motor No. 1
52122 - gear motor No. 2
5213T - chain drive No. 1
52132 - chain drive No. 2
52141 - gear reducer No. 1
52142 - gear reducer No. 2

In addition to the five-digit identification numbering system described
above, the equipment configuration 1list also contained a two-digit number
that indicated what that specific piece of equipment was used on or for. Some
examples of this "type" numbering system are shown below.

Type Number Equipment

10 Tanks and Equipment

11 Tanks, Channels, Bins

12 Slide gates, sluice gates

13 Sludge and scum collectors

14 Weirs A

20 Pumps, Compressors, Blowers

21 Centrifugal pumps

22 Piston pumps

23 Gear, vane, screw, diaphragm
pumps

30 Electrical equipment

31 Motors, motor and drive
assemblies

32 Supply panels and boxes

33 Controls

40 Mechanical equipment

An example of the equipment configuration list is given in Figure 1. 1list was
used for the assignment of identification numbers to each piece of electrical
and mechanical equipment at the plant. This list was supplemented with an
equipment data list, equipment reference data forms and other more detailed
forms as necessary.

Information on Equipment Configuration List, Equipment Data List and Equip-
ment Reference Data Forms--

These lists contained the following information:

Identification number
Common name

Equipment type number
Location
Manufacturer's name
Part or model number
Serial number



ID Equipment Name Ty pq Location
520 SLUDGE THICKENING
521 Thickeners
52111 | Sludge Thickener No. | 1|3 N
52112 | Sludge Thickener No. 2 11173 .S
52121 | Gear Motor No. | 311 J N
52122 | Gear Motor No. 2 311 7J S
52131 | Chain Drive No. 1 4147 N
52132 | Chain Drive No, 2 4117 S
52141 | Gear Reducer, No. | 4117 N
52142 | Gear Reducer, No. 2 . 41| 3J S
$2151 | Ventilator, No. ! Thickener 7217 N
52152 | Ventilator, No. 2 Thickener 7213 )
52161 | Control, No. 1 33| J N
52162 | Control, No. 2 331 J s
522 Pumping
52211 | Duplex Plunger Pump No. 1 22| J L Nw
52212 | Duplex Plunger Pump No. 2 221 J L NE
' 52213 { Duplex Plunger Pump No. 3 221J L sw
52214 { Duplex Plunger Pump No. 4 221J L SE
52221 | Motor, Pump No. | 31|J L Nw
52222 | Motor, Pump No. 2 31{ J L NE
52223 | Motor, Pump No. 3 31} J L sw
52224 | Motor, Pump No. 4 31| J L SE
52231 | Variable Speed Reducer, No. 1 411J L NwW
52232 | Variable Speed Reducer, No. 2 411 J L NE
52233 | Variable Speed Reducer, No. 3 411 J L Sw
52234 | Variable Speed Reducer, No. 4 41{J L SE
52241 | Gear Jrive, No. | 41| J L Nw
52242 | Gear Drive, No. 2 411 J L NE
52243 | Gear Drive, No. 3 411 7 L sw
52244 | Gear Drive, No. 4 41} J L SE
52251 | Reduction Gear No. | 41} J L Nw
52252 | Reduction Gear No. 2 41| J L NE
52253 | Reduction Gear No. 3 41| J L Sw
52254 | Reduction Gear No. 4 411 J L SE
52261 | Controi, No. 1 331 J L Nw
52262 | Control, No. 2 33| J L NE
52263 [ Control, No. 3 3313 L sw
52264 | Control, No. 4 331 J L SE
523 Flow Measurement
52311 { Thickened Sludge Magnetic f lowmeter 6l11J L
52321 {Fiow Transmitter 61{J L
52331 {Influent Sludge Channel Level Recorder{ 63| J O w

Location areas (refer to pages 5 and 6):

J = sludge thickening
L = plant shop and service building

@)

outside

Figure 1.

Equipment configuration list.




ID Manufacturer Part Number Serial Number
21 Centrifugal Pumps
13112 Fairbanks Morse 5710 K2N1044068
13113 Fairbanks Morse s7t0 K2N1044069
13114 Fairbanks Morse 5710 K2N1044070
22113 Wemco Torque Flow Model G 6895610-3
22114 Wemco Torque Flow Model G €895610-2
22115 Wemco Torque Flow Model G 6895610-1
23111 Wemco Torque Flow Model E 6895610-4
2ilt2 Wemco Torque Flow Mode! E 6895610-5
35111 Fairbanks Morse Model 5720 K2N1044071
3s112 Fairbanks Morse Model 5720 K2N1044071-1
35113 Fairbanks Morse Model 5720 K2N1044071-2
35411 Fairbanks Morse 5423 B-28 K2N1044073
36113 Fairbanks Morse 54240 K2N1044072
36114 Fairbanks Morse 5424D K2N1044072-1
42211 Eastern U-34.C, 107-3 | CJ8-0802
42212 Eastern U-34.C, 107.3 | CJ8-0801
42213 Eastern U-34-C, 107-3 | CJ9-.1305
42311 Eastern U-34-C, 107.3 | CJ8-0797
42312 Eastern U-34-C, 107-3 | CJ8-0800
42313 Eastern U-34-C, 107-3 | CJ8-0798
43311 Fairbanks Morse S414E K2N1044075-1
31 Motors, Motor and Drive Assemblies
32621 Westinghouse TBDP 680B101G27-6807
32622 Westinghouse TBDP 680BI01G27-6807
333218 Sterling F BNF -1 8A2528-2
33322 Sterling F BNF -1 8A2528-1
34221 Fairbanks Morse KZK, T1004-2 F291080
34241 Westinghouse M 311P178.A
35121 US Varidrive’ VEU Jr4e21251
35122 US Varidrive VEU J1421249
35)23 US Varidrive VEU J1421250
35131 US Electrical ERHB B121781
35132 US Electrical ERHB B121781
35133 US Electrical ERHB Bi21781
35421 Fairbanks Morse KZK, T1007-2 F -457875%
36123 US Varidrive VLUHVGS P4177843
36124 US Varidrive VLUHVGS P4177842
36133 US Electrical ERHP (21781
36134 US Electrical ERHP 121781

Figure 1. (continued)



Additionally, pumps were listed separately with their head, capacity, size,
impeller and RPM.

The equipment data 1ist was grouped by equipment type (centrifugal
pumps; motor; motor and drive assemblies; etc.) and specified for each piece
of equipment, using the five-digit identification number, the manufacturer's
name, the part or model number and the serial number.

The equipment reference data forms, prepared for each five-digit number-
ed item, contained all descriptive information on that piece of equipment
taken from the manufacturer's catalogs, drawings, reference data, etc. The
back of the reference data forms detailed the parts that would be needed for
operation of that equipment. This information was used for the development of
preventive maintenance (PM) and corrective maintenance (CM) procedures and
for the development of a spare parts inventory. Additional forms that were
developed, based on the five-digit identification number, gave other informa-
tion such as the head-capacity-power data for pumps and the frame type,
horsepower and current information for electric motors.

-Thus, the-equipment configuration list was used to group the equipment
and assign identification numbers. The identification numbers were then used
as catalog numbers to order other information necessary to facilitate a logi-
cal and systematic file on each piece of equipment.

The Maintenance Procedures (MPs)

The maintenance procedures (MP) for each item of equipment were detailed
individually on a sheet called the maintenance procedure sheet. While each
equipment item was identified by a five-digit identification number, the MP
sheet carried the first four digits only and thus those maintenance procedures
were appiicable to all equipment items with those first four digits. A two-
character, alpha-numeric code was added to the four-digit number. The first
alpha character specified the frequency of the PM procedure (i.e., D=daily;
W=weekly; M=monthly, etc.) and the second numeric character specified the
num ber of MPs required for that piece of equipment at the specified fre-
quency. For example, using the major sub-function number 520, sludge thicken-
ing, the MPs for the pumping equipment, 522, associated with sludge thicken-
ing, were numbered 5221 D1, 5221 W1, 5221 R1l, 5221 M1 and 5221 M2. The first
four digits identified the particular piece of equipment, in this case the
duplex plunger pumps. The alpha-numeric codes D1, W1, Rl and Ml specified
that those particular MPs were to be performed on a daily, weekly, as required
and monthly basis, respectively, and that number one of a series of procedures
is to be performed. The alpha-numeric code M2 specified that number two of a
series of MPs were required for that piece of equipment on a monthly basis.

The maintenance procedure sheet specified in detail all of the tasks
(steps) required for the successful completion of that MP. Additionally, the
sheet detailed (a) the labor skill required (Sl-electrician, S2-mechanic and
S3-utility man); (b) the labor time required; (c) the name, identification
number, nameplate data and location of that piece of equipment; (d) safety
precautions to be observed; and (e) all parts, tools, materials and test
equipment needed to accomplish that MP.

9



A summary MPs 1list was also prepared that displayed the MP number, a
brief description of the PM task, the labor skill and labor time required and
the week number that the PMMS was initiated for that MP. That initial week
number was then updated based on the specified frequency of the MP. The week
numbering system was used for scheduling the PM tasks. The PM tasks were -
scheduled for each of the 52 weeks in a year. A1l MPs with the alpha codes D
and W were scheduled for daily and weekly assignments; those MPs with the
alpha codes M, Q, S, and A were scheduled according to the week number for
which the PMMS was implemented for that unit; and the MPs with the alpha code
R were scheduled as required. For example, the summary sheet might have
shown the following:

MP NO. TASK DESCRIPTION SKILL/MIN. WEEK NO.
1111 01 - - 1
1111 D2 - - 1
1111 M1 - - 1
1122 M1 - - 3
1122 Q1 - - 3
1122 Al - - 3
1311 W1 - - 1
1311 R1 - - (as required)
1311 S1 - - 9
1311 s2 - - 9

By using the initial week number MPs 1111 D1 and 1111 D2 would have been
scheduled for daily attention; MP 1311 W1 would have been scheduled for each
week; MP 1111 M1 would have been scheduled for weeks 1, 5, 9, 14, 18, 22, 27,
31, 35, 40, 44, and 48 and week 1 of the next year; MP 1122 M1 would have been
scheduled for weeks 3, 7, 11, 16, 20, 24, 29, 33, 37, 42, 46, 50 and week 3 of
the next year; MP 1122 Q1 would have been scheduled for weeks 3, 16, 29, 42 and
week 3 of the next year; MPs 1311 S1 and 1311 S2 would have been scheduled for
weeks 9, 35 and week 9 of the following year. This summary list was thus used
to prepare the PM cycle schedule.

The Preventive Maintenance (PM) Cycle Schedule

The PM cycle schedule was prepared using the MPs summary 1list. PM
actions were scheduled for each week and the list was ordered so that all PM
tasks on a particular unit could be assigned to one team. Additionally, the
MPs on the same unit, but different frequencies, were scheduled so that they
could be accomplished during the same weeks that the unit was being worked on.
Thus, MPs 1122 M1, 1122 Q1 and 1122 Al were included on the PM cycle schedule
for weeks 3 of the PMMS year and MPs 1122 M1 and 1122 Q1 were included on the
PM cycle schedule for week 3, 16, 29 and 42 of the PMMS year. These items were
scheduled in addition to all daily and weekly PMs required for MP 1122.
However, the daily and weekly PM tasks were listed separately. The PM cycle
schedule was generated on a weekly basis and the actual daily assignments were
left to the foreman and plant management. As a means of facilitating with the
daily assignments, the plant was sectioned into different areas and each area
was scheduled for preventive maintenance on a particular day of the week. For
example:

10



Monday - PM schedule for The Incinerator Building.
Tuesday - PM schedule for The Blower Building
Wednesday - PM schedule for The Chlorine Building
Thursday - PM schedule for The Chlorine Building
Friday - PM schedule for The Chlorine Building

A master PM schedule was prepared that displayed each PM task and fre-
quency for each piece of equipment for the entire year. The master schedule
assisted plant management in determining staffing requirements and also in
making decisions concerning which PM tasks could be delayed in order to free
personnel to attend to those PM tasks that had to be accomplished during that
week without incurring overtime or having to add additional personnel. Re-
scheduling of PM tasks was done by plant management. This decision was based
on the availability of personnel and the immediacy of the task.

The PM cycle schedule displayed on a weekly basis the PM procedures that
should be accomplished during that week. The schedule listed by MP numbers
all required MPs. The maintenance foreman made the decision as to which MPs
would be performed each day. Upon completion of the task, the date, name and
time were recorded on the back of the MP sheet. This information was used to
adjust the time on the MP sheet for performing that task and to update the
recordkeeping system.

The Recordkeeping System

The recordkeeping system of the PMMS was designed to maintain a permanent
record for each item of equipment. This system included all records on the PM
and CM work performed. In order to develop this system it was necessary to
utilize six forms. These forms were:

1. Equipment Reference Data Form Ml

2. The Equipment Maintenance Record Form M2

3. The Preventive Maintenance Work Record Form M3

4, Th? Report of Trouble Form M3X (this form was a variation of form
M3 .

5. Equipment Malfunction Report Form M4

6. Corrective Maintenance Work Order Form M5

7. Corrective Maintenance Work Order and Work Record Form M6.

These forms, including their reverse sides, are shown in Figures Al-A9 in
Appendix A. The use and description of these forms have been previously
described (1).

The recordkeeping system was designed to eliminate unnecessary paperwork
from the maintenance personnel, yet maintain an updated maintenance record on
each item of equipment. It was also used for generating weekly maintenance
summary reports by providing information to update the Maintenance Data Feed-
back System.

The Maintenance Data Feedback System

The Maintenance Data Feedback System was developed to provide plant man-
agement with a weekly maintenance summary report. To accomplish this, the

11



Weekly Maintenance Summary Report Form M7 was completed by the maintenance
technician using information from the recordkeeping system. The Weekly Main-
tenance Summary Report Form was comprised of three parts: a Work Load Summary
and a Work Accomplished Summary on the front of the form, and a Corrective
Maintenance Summary on the back.

The Work Load Summary included the maintenance workload that should have
been accomplished during the week, what is actually accomplished and what the
carryover (backlog) was for the following week. The maintenance actions were
broken down into Preventive Maintenance and Corrective Maintenance and the
man-hours by skill were also recorded. Management used the Work Load Summary
to determine the number of preventive and corrective maintenance actions
completed and the number of actions that were backlogged.

The Work Accomplished Summary summarized the total maintenance costs for
the plant for each week. The Work Accomplished Summary was also broken down
into Preventive and Corrective Maintenance, the number of actions completed,
the actual man-hours expended per skill, the cost for labor, the cost for
outside contractors, the cost of parts and materials, and the total costs.

The Corrective Maintenance Summary listed all CM work that was out-
standing at the beginning of the week and that was initiated during the week.
For each task the job number; the equipment name; the equipment identification
number and the status code were recorded. The equipment status code indicated
whether the equipment was operational, nonoperational or in a reduced cap-
ability mode. The Corrective Maintenance Summary also gave a description of
the work to be done on each action, the work order date, and the completion
date. Additional information was also provided, if necessary. Using this
information a Priority Code was also established for each job. This code was
as follows:

u - Urgent repairs to correct conditions that prevent the plant
from operating or which involve the health and safety of per-
sonnel

N - Needed repairs to correct conditions that seriously impair
plant efficiency or plant reliability

R - Routine repairs, tests and inspections

C - Convenience items.

This coding helped management with the scheduling of corrective maintenance
jobs.

SUMMARY

The manual operation of the PMMS included both PM and CM procedures.
Corrective maintenance was not, of course, planned, but occurred as a result
of a breakdown or a noticed impending failure. Exhibit 1 summarizes the
manual PMMS for PM and CM applications.
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EXHIBIT 1

SUMMARY OF STEPS FOR PMMS FOR PREVENTIVE
MAINTENANCE AND CORRECTIVE MAINTENANCE APPLICATIONS

PREVENTIVE MAINTENANCE

1.

The functional numbering system and equipment type numbering system
were developed. This was a one-time accomplishment of the complete
inventory of the plant's mechanical and electrical equipment. The
equipment nameplate data was put on Form Ml.

“The dinventory was restructured into the Equipment Configuration

List by sorting into appropriate groupings the equipment related to
each of the various plant unit treatment works, utilities and ser-
vices.

The Equipment Data List was prepared. This 1list augmented the
Equip ment Configuration List and was grouped by equipment type.
Even more detailed data could have been tabulated if desired.

Maintenance Procedures (MP) for each piece of equipment included in

the inventory, using manufacturer's information and drawings, and
the expertise of personneil familiar with the equipment maintenance
procedures were prepared.

A numbered (functional numbering system used) Maintenance Procedure
Sheet (MPS) for each individual Maintenance Procedure (MP) was pre-
pared. :

A summary list of Maintenance Procedures was prepared.

Based on the summary list of Maintenance Procedures and the judg-
ment of senior plant staff, PM actions were scheduled for each of
the 52 weeks of the year. The actual work assignments on a daily
basis were left to the discretion of the foreman and plant manage-
ment.

When the PM task was completed, the maintenance personnel docu-
mented the task performed on Form M3 or M3X.

The PMMS technician used the data on Form M3 or M3X to prepare the
permanent Form M2.

13



10.

11.

12.

‘If the "trouble" box on Form M3 or M3X was not checked, the Form was

discarded.

If the "trouble" box on Form M3 or M3X was checked, the form (after
filling out Form M2) was returned to the Maintenance Department and
Forms M5, CM work order, and M6 were filled out. Form M5 initiated
the CM action.

Form M7, Weekly Maintenance Summary Report, was also completed.

CORRECTIVE MAINTENANCE

1.

Corrective maintenance was initiated by the maintenance personnel
that indicated trouble on the back of Form M3 or M3X. Additionally,
CM could have also been initiated by the plant operators or anyone
else that observed an equipment malfunction. In that situation,
Form M4 was completed and returned to the Maintenance Department.

The Maintenance Department, after receipt of Form M3 or M3X, com-
pleted Form M5 and the top half of Form M6. Form M6 was given to the
maintenance personnel.

The maintenance personnel completed the lower half of Form M6 when
the CM task was completed.

The PMMS technician filled out Form M2 and discarded Form M5. Form
M6 was kept as a permanent equipment file.

The PMMS technician then completed Form M7.

14



STAFFING

The PMMS is not a substitute for maintenance staff but rather a tool to-
be utilized by the staff. To be effective, the PMMS should be designed to
meet the staff's needs to carry out a maintenance program. The staff must
receive training and it is important that each of the staff's responsibilities
be defined to assure a successful running system. One of the key personnel is
the individual who, at the Lower Potomac Wastewater Treatment Plant, had the
title Maintenance Technician.

The Maintenance Technician was responsible for the running of the
system. This position was essential to the successful implementation and
development of the system. The duties of the Maintenance Technician required
that he maintain and update equipment files; that he prepare working copies of
the maintenance procedure sheets on a weekly basis; that he produce reports on
equipment history, equipment conditions, maintenance history, maintenance
cost and manpower requirements, when necessary to identify and implement
improvements to the maintenance system. This position was usually given to a
person that was quite familiar with the operational and maintenance history of
the plant. ‘ T ‘

At the Lower Potomac Wastewater Treatment Plant three labor/skill cate-
gories were used for performance of the maintenance tasks. These were:

Skillt 1 - Electrician
Skill 2 - Mechanic
Skilt 3 - Utility Man

The duties of the electricians and the mechanics are self-explanatory.
The utility man category required some familiarity with the repair and opera-
tion of electrical and mechanical equipment. This person assisted the elec-
trician and mechanic as necessary.

15



SECTION 5

DESCRIPTION OF THE EXISTING SYSTEM

The maintenance management system presently installed at the Lower
Potomac WWTP is a computerized version of the manual system that was described
previously. The system was computerized in 1976 and has the capability of
handling a comprehensive planned maintenance management program. However,
the system has not been implemented to its complete extent. The five basic
parts of the system as described in Section 1 have been computerized, but some
of the operations are still manual.

Transition from Manual Systém to Computérized System

The transition from the manual system to the computerized system took
place during a of 2 - to - 3 month period. This was possible because of two
significant factors. One, the complete and detailed manner in which the
manual PMMS had been prepared. Two, the computer software programs developed
by personnel of the Fairfax County Government was prepared with full consulta-
tion with the LPWTP maintenance staff who were very knowledgeable about the
PMMS.

The data and information obtained and stored in the present computerized
system are essentially the same as those which were obtained and stored in the
manual system.

The computer generates both PM and CM work orders, cyclical preventive,
maintenance procedures, a monthly corrective maintenance summary and a work
accomplished summary (summarizes PM and CM actions completed during the
month). The computerized version of the PMMS requires 19 input documents,
whereas the manual system required only 6 (Forms M1-M6). Of those 19 input
documents, the maintenance staff only came in contact with 3 of them.

PREVENTIVE MAINTENANCE (PM)

To carry out the preventive maintenance program a number of files is
necessary. These are the daily, weekly and cyclical Preventive Maintenance
Files.

The Daily and Weekly Preventive Maintenance File, which is a non-com-
puterized file consisting of all the Maintenance Procedure Sheets for the
equipment requiring daily or weekly PMs, is maintained at the plant. This
file is composed of five folders, one for each day of the week. The MPs are
distributed among the five folders using the PM Cycle Schedule described in

16



Section 2 of this report and on a balanced work load. This file is developed
using the Equipment File Maintenance and Maintenance Procedure File Main-
tenance Documents. Scheduling of the PM tasks is handled by the senior
maintenance, operations, and PMMS personnel. This file is not maintained in
the computer, but a ledger is kept for recording all daily and weekly preven-
tive maintenance actions carried out on each item of equipment. The PMMS
Technician summarizes these weekly PM actions and transmits them to the com-
puting center. The daily and weekly PM actions are recorded by the computer
and are printed out in one of the two monthly reports generated.

The Cyclical Preventive Maintenance File is designed to schedule only
those items of equipment that require maintenance on a monthly, quarterly,
semi-annual or annual basis or on the basis of hours of run-time of equipment.
The file is developed using the Equipment File Maintenance, Maintenance Pro-
cedure File Maintenance and Meter Reading Card Documents. The scheduling of
these actions is prepared by the senior maintenance, operations and PMMS
personnel.

Preventive Maintenance Implementation

Each week, the computer prints out a 1ist of all the PM actions scheduled
for the following week. Exhibit 2 is a PM flow diagram. Since Maintenance
Procedure Sheets are on file in the noncomputerized files for all items
requiring weekly or daily maintenance, the computer only prints out "PM Work
Orders" for equipment requiring cyclical maintenance. The "PM Work Orders"
are delivered to the PMMS Technician for distribution, along with the cor-
responding Maintenance Procedure Sheets, to the appropriate daily folder de-
scribed above. Completed PMs are reported back to the Computing Center via
the PMMS Technician using the "PM Work Orders" for cyclical maintenance.
Uncompleted PMs can be tracked by flagging the unreturned "PM Work Orders" and
Maintenance Procedure Sheets that have not been filled out. Exhibit 3 sum-
marizes the computerized version of the PMMS for the implementation of PM
actions.

For the PM actions, the plant maintenance staff routinely use only two
forms - the Maintenance Procedure Sheets and the "PM Work Orders". However,
the following documents have to be utilized (prepared by senior maintenance,
operations and PMMS personnel) in order to provide for file updating, main-
tenance scheduling and management reporting.

1. Equipment File Maintenance

2. Maintenance Procedure File Maintenance
3. Parts File Maintenance

4, Personnel File Maintenance

5. Meter Reading Card

The above forms are Figures Bl, B2, B3, B6,'and B15 of Appendix B.
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10.
11.

12.

EXHIBIT 3

SUMMARY OF STEPS FOR THE COMPUTERIZED PMMS FOR
PREVENTIVE MAINTENANCE

A noncomputerized file of daily and weekly PMs is prepared by dis-
tributing the work among the 5 weekdays on the basis of the PM
cycle schedule, a balanced work load and the judgment of the senior
staff. This file consists of the daily and weekly Maintenance Pro-
cedure Sheets.

Cyclical PM actions are obtained from the computer center in the form
of "PM Work Orders".
The Maintenance Procedure Sheets corresponding to the "PM Work
Orders" generated are obtained by the PMMS Technician.

The weekly, daily and cyclical PM requirements are then sent to the
Maintenance Department.

The maintenance supervisor sorts the PM actions received and assigns
them to the responsible division (mechanical, electrical, instrumen-
tation).

The division head schedules the daily PM activities and assigns the
staff.

PM completed.

When the PM tasks are completed the maintenance personnel complete
the information on "PM Work Orders" and Maintenance Procedure Sheets.

The two documents completed in step 8 are returned to the Depart-
ment/Division.

The PM files are returned to the PMMS Technician.

The PMMS Technician returns the "PM Work Orders" to the Computing
Center.

The PMMS Technician summarizes the actual daily and weekly PM per-
formed and forwards to the Computing Center on a weekly basis.
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CORRECTIVE MAINTENANCE

Three types of CM actions are recognized at the Lower Potomac Wastewater
Treatment Plant - malfunction, incipient and elective. A malfunction is an
actual breakdown or problem; an incipient problem, which is usually reported
as part of PM work, is one that if not corrected will lead to breakdown; and
elective 1is maintenance or construction that is nonfunctional in nature,
e.g., painting, new safety features, change in location of meters or controls,
etc.

A CM is classified as minor, major or emergency. A minor CM is one which
can be corrected in less than one and one-half (1%) hours with parts costing
less than fifteen dollars ($15). An emergency CM is one required to keep the
plant, a major subsystem (e.g., aeration system), or a major piece of equip-
ment (e.g., compressor) in operation. A1l other CMs, including elective, are
considered major.

Corrective Maintenance Implementation

.The.. Equipment Malfunction Report Documents are available in all loca-
tions of the plant where equipment is located and are readily accessible to
all operations, maintenance and plant personnel. When a malfunction is dis-
covered, that document (which consists of two copies) is filled out; one copy
is posted on a notice board in the immediate vicinity of the equipment being
reported on, and the original is delivered to the Shift Foreman. If the Shift
Foreman determines that the malfunction is an "emergency," the Maintenance
Department is notified immediately. The Maintenance Department may proceed
to correct the malfunction without receiving a Corrective Maintenance Work
Order. The PMMS Technician working with the Supervisor of the appropriate
Maintenance Division has the responsibility of submitting the Equipment Mal-
function Report and the CM Initiation Request to the Computer Center. The
Computer Center generates the CM Work Order. When the malfunction has been
corrected, the completed CM Work Order is returned to the Center. At the
completion of the repair, the Equipment Malfunction Report Form that was
posted on the notice board is removed and destroyed.

A1l other Equipment Malfunction Report Documents that are not determined
to be an "emergency" are sent to the PMMS Technician who will refer them to
the appropriate Maintenance Department Supervisor (electrical, mechanical, or
instrumentation). If the CM action is a minor one, the CM action is completed
by the Maintenance Department and no written record is kept. The labor time
is billed to a standard work order, which is recorded at the Center. Upon
completion of the CM, the copy of the Equipment Malfunction Report Document
posted on the notice board is removed and destroyed.

If the CM action is determined to be major, the PMMS Technician sends the
Equipment Malfunction Report Document. to the Maintenance Department Super-
visor. The Maintenance Department indicates on the Malfunction Report Docu-
ment that a CM Work Order is needed and provides some information as to the
nature of the repairs required. That document is sent to the PMMS Technician
who prepares a CM Initiation Request, which is sent to the Computer Center. A
CM Work Order is generated by the Center and returned to the Maintenance
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Department via the PMMS Technician. At the completion of the CM action, the
bottom half of the CM Work Order Document is completed by the Maintenance
Department. The CM Work Order Document is then sent to the stockroom for cost
data on the parts used before being returned to the Computer Center via the
PMMS Technician. The copy of the Equipment Malfunction Report Document posted
on the notice board is removed and destroyed.

If the CM action is elective, a Corrective Maintenance Initiation Re-
quest is prepared by the PMMS Technician upon authorization from the Main-
tenance Department. This request document is then sent to the Computer
Center. A CM Work Order is prepared by the Center and returned to the
Maintenance Department via the PMMS Technician. Upon completion of the CM
action, the bottom half of the CM Work Order form is completed by the Main-
tenance Department and returned to the Computer Center via the PMMS Tech-
nician. Exhibit 4 is a flowchart for the PMMS implementation of corrective
maintenance actions as described above.

DOCUMENTS USED FOR IMPLEMENTATION OF THE PMMS FOR CM ACTIONS

The plant maintenance;staff routinely use-only three documents for CM
actions. These are the Equipment Malfunction Report, the Corrective Main-
tenance Initiation Request and the CM Work Order.

However, the following documents have to be utilized (prepared by senior
maintenance, operations and PMMS personnel) in order to provide for file up-
dating, maintenance scheduling and management reporting.

1. Equipment File Maintenance
Maintenance Procedure File

. Parts File Maintenance

Standing Work Order File Maintenance
Personnel File Maintenance File
Action Codes File Maintenance
Description Code File Maintenance
Item Code File Maintenance

O~NOOTRWN
L] L] L] L] . .

The scheduling of CM actions other than emergency repairs is done by the
senior maintenance personnel and is determined on the basis of PM actions
required, PM backlog, CM actions, CM backlog, personnel available, overtime
to be utilized, contractor services that can be utilized and emergency repairs
underway. Elective maintenance is also scheduled taking into account the
above factors. A list of uncompleted (backlog) CMs can be printed out by the
computer upon request.

DATA GENERATED BY THE EXISTING PMMS

The actual data on maintenance performed is provided by the maintenance
staff and the Maintenance Technician, who fill in parts of the following five
documents as shown in Table 1, that have been described and are shown in
Appendix B:
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TABLE 1. INPUT DATA DOCUMENTS FOR EXISTING PMMS

Maintenance Responsibility of

action Document maintenance staff

Preventive Maintenance Maintenance Procedure Sign and date after action
Sheets completed

Preventive Maintenance Preventive Maintenance Sign and date after action
Work Order completed

Corrective Maintenance Equipment Malfunction Indicate on document
Report problem observed

Corrective Maintenance ~ Corrective Maintenance Filled out by PMMS
Initiation Request Technician

Corrective Maintenance Corrective Maintenance Sign and date after
Work Order work completed

The data generated through the actual PMMS in use at the Lower Potomac
Plant is itemized below.

Preventive Maintenance Data Generated

I. A. For every individual equipment item

When maintenance took place (date)
Who performed maintenance

Parts and supplies utilized

Cost of parts and supplies utilized
Time required to perform maintenance
(i) Regular hours

(i1) Overtime hours

) Labor costs to perform maintenance

) Labor skills utilized for maintenance
) Outside contractor costs

) Total costs

Qa0 o

B. For the plant as a whole

(a) Number of actions regularly scheduled during current week and
estimated man-hours by skill

(b) Number of actions backlog from previous week and estimated
man hours by skiTl

(c) Total number of outstanding actions for current week and esti-
mated man-hours by skill
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Number of actions accomplished during current week and esti-
mated man-hours by skill '

Number of actions backlog for next week and estimated man-
hours by skill

Labor costs for the week - regular time, overtime and total
Outside contractor costs for the week

Costs of parts and materials used during week

Total costs for the week

Number of actions completed during the month

Number of hours utilized during month - regular time, overtime
and total

Labor costs for the month

Parts and material costs for the month

Outside contractor costs for the month

Total costs for the month

Corrective Maintenance Data Generated

II.

B.

For every malfunction

O
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Malfunction report - who prepared

Work order request - who prepared and who authorized, when re-
quested

Work order - who prepared and who authorized, when issued
Time malfunction or trouble reported

Nature of malfunction or trouble (description of symptoms)
Identification of equipment (name and number)

Job number

Items needing repair

Priority for repair

Estimate of labor time and parts to repair

Hours of running time for equipment (if applicable)

Item repaired

Labor time by skill - regular time, overtime, and total
Labor costs by skill - regular time, overtime, and total
Parts and materials used '
Costs of parts of materials

Contractor costs

Total costs to repair

When job was complete

the plant as a whole

—_ o~ e~
(o] o oY)
— N e

(d)

Number of actions reqularly scheduled during current week and
estimated man-hours by skill

Number of actions backlog from previous week and estimated
man hours by skill

Total number of outstanding actions for current week and esti-
mated man-hours by skill

Number of actions accomplished during current week and man-
hours by skill

24



—
1]

Number of actions backlog for next week and estimated man-
hours by skill

Labor costs for the week - regular time, overtime and total
Outside contractor costs for the week

Costs of parts and materials used during week

Total costs for the week

Number of actions completed during the month

Number of hours utilized during month - regular time, overtime
and total

Labor costs for the month

Parts and material costs for the month

OQutside contractor costs for the month

Total costs for the month
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The above list represents the actual data generated and does not repre-
sent the data that could be supplied by the PMMS. The recordkeeping and
feedback capabilities of the PMMS represent a powerful management tool, which
is underutilized at the present time. A complete accounting of maintenance
labor, material -and contractor costs for management use in cost control and
budget preparation is available. Costs can be reported by plant area, func-
tional subsystem, types of equipment and individual items of equipment. Life
cycle costs can be determined. Actual performance of equipment can be com-
pared to manufacturer or design specifications. The cause and responsibility
for equipment failure can be assessed. Reliability of equipment, subsystems,
and systems can be determined. Historical data as well as current data on PM
and CM for each item of equipment are readily available.

MANAGEMENT REPORTS GENERATED

The only management reports that are now generated on a regular basis are
the Monthly CM Summary and the Work Accomplished Summary. The Monthly CM
Summary contains the following information:

Date

Plant

Job Number
Equipment Number
Equipment Name
Location
Apparent Cause of Malfunction
Completion Date
Regular Hours
Overtime Hours
Labor Cost

Parts Cost
Contract Cost
Grand Total Cost

0O00OO0OD0O0O0DO0O0OO0OO0OO0O0O0

The Work Accomplished Summary gives in tabular format the number of
Preventive Maintenance actions completed and the number of Corrective Main-
tenance actions completed during that reporting period.
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OPERATION OF THE EXISTING PMMS

The qualifications of the personnel required to operate the PMMS have
been documented earlier. Exhibit 5 is a current table of organization for the
operation and maintenance staff at the Fairfax Lower Potomac Wastewater
Treatment Plant. The efficient utilization of the PMMS is dependant upon the
availability of the following personnel categories:

1. Maintenance Technician (Engineering Technician on Table of Organi-
zation)

2. Senior staff who are responsible for the scheduling of the main-
tenance actions

3. Management personnel who utilize the generated data for planning
evaluation and budgeting purposes

4, Maintenance personnel who must be cooperative and participate if
the system is to work.

The ff&iningwa the méintenance pefsbnne] ié done on an ad hoc, informal
basis, which appears to be adequate since the actual plant maintenance is
being performed in a satisfactory manner.

There have been two major deficiencies in the operation and utilization
of the system. One relates to the interface between the maintenance personnel
and the Computer Center including the absence of a computer terminal at the
plant. The other relates to the limited use that is being made of the data
that are being collected and are available as data feedback.

26



L2

LOWER POTOMAC POLLUTION CONTROL PLANT

1 Engineer IV (1)

| Clerk Typist 11 (1)

WAREROUSE

Warehouse Supv (1)
Supply Clerks (2)

SECONDARY PLANT

1 Asst. P1. Manager (Eng [II) (1)

OPERATIONS

P1t. Opns Supt. (1)
P1t. Opns. Supr. (5)
PI1t. Opr. III (10)
Pit. Opr. II (15)
Utility Workers (4)

1 P1t. Maint. Supt. (1)
0 P1t. Maint. Supr. (
1 PIt. Mech. III (1)
3 P1t. Mech II (3)

4 P1t. Mech 1 (4)

1 Welder II (1)

PLANT SUPPORT

1 Eng. 11 (1)
0 Eng. Tech III (1)
1 Eng. Tech II (1)
1 Clerical Spec (1)
0 Draftsman (1)

PHOSPHORUS PLANT

1 Asst. P1. Manager (Eng

1) (1)

1 P1t. Opns. Supt. (1)
5 P1t. Opns. Supr. (5)
)

10 P1t. Opr. III (10
15 P1t. Opr. II (15)

1 MTH I1 (1)
& (3

ELECTRICAL DEPARTMENT INSTRUMENTATIONS BLDG & SROUNDS

1 Eng. Tech III (1) 1 Inst. Supr (1) 1 81dg. Sup IT (1)

2 Ind. Elect II (2) 1 Inst. Tech. III (2) 1 Custodian (1)

1 Ind. Elect. I (2} 2 Inst. Tech. Il (4) 0 Sr. U.W. (2)

1 MTH 11 (4) 2 Inst. Tech. I (2) 2 Utility Worker (2)
1 MTH 11 (1)
0 Painter (1)
2 Laborers (2)

Exhibit 5. Organization of operation and maintenance staff.

MAINTENANCE

0 P1t. Maint. Supt. (1)
1 P1t. Maint. Supr. (1)
2 P1t. Mech III (2)

3 PIt. Mech II (3)

3 P1t. Mech. 1 (5)

0 Welder II (1)

0 MTH 11 (1)




SECTION 6

METHODOLOGY FOR ASSESSING BENEFITS OF A MAINTENANCE SYSTEM

The primary methodology for assessing the benefits of a maintenance system
in general, and the PMMS in particular, is to (1) identify the benefits; (2)
quantify all actual or potential benefits; (3) consider alternative means for
achieving those benefits; and (4) determine the costs and values (in monetary
and nonmonetary terms) in achieving benefits.

The following are considered benefits for a maintenance system:

1.
2.
3.

10.

Improved plant performance.

Reduced number of plant, system, subsystem, equipment failures.
Improved reliability of system - reduce equipment downtime.
Reduced number of higher skilled staff.

Reduced overtime requirements for maintenance.

Number of maintenance backlog items at a level that does not increase
malfunction potential.

Improved personnel morale.
Provision for cost control and budget preparation.

Provision of information for better design, construction and equip-
ment evaluation for purchasing agents.

Reduced operational costs when compared to historical trends or
comparable alternative systems.

Cost comparison among maintenance systems is extremely difficult because
of the following considerations:

1.
2.

Costs must be normalized for different locations and time periods.

Institutional constraints can affect the numbers of personnel and
skills required to be employed.
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Total costs for a maintenance system should include startup costs,
administrative costs and management costs.

Systems when installed have more capacity than can be utilized.

Maintenance costs affect life cycle costs that are not readily a-
vailable.

Maintenance costs affect operating costs and these benefits are
difficult to assess.

The need for outside contractors to assure a backup capability may
require their use to assure their availability.

The method used for the allocation and accounting of the time of
personnel - maintenance, operation, administrative, supervisory,
management - varies from plant to plant.

There are two other approaches of assessing benefits other than the cost-
effective approach described above. These are:

1.

A statement of criteria for a system that, if met would provide
positive benefits. These criteria are usually established by know-
ledgeable experienced experts in the field.

Direct comparison of systems -
a. Systems that have been or will be in use at a particular plant
(within plant comparison)

b. Systems that have been used at comparable plants (between
plant comparison)
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CRITERIA AND GUIDELINES FOR MEASURING BENEFITS OF MAINTENANCE MANAGEMENT SYS-

TEM

Criteria for measuring the benefits of an effective maintenance management
system were presented by Enviro Plan Incorporated (2). These included:

1.

10.

11.
12.

13..

Reducing the maintenance of complex equipment to simple procedures
that are easily identified and managed;

Defining the minimum requirements of preventive maintenance;

Scheduling and controlling the performance of work tasks, inspec-
tions and tests;

Describing the methods, materials, tools and personnel required;

Providing for the prevention or detection of impending mal-
functions;

‘Providing a permanent record of equipment characteristics and a

maintenance history;
Providing periodic maintenance summary reports to plant management;
Providing a means for knowledgeable management of maintenance;

Ensuring the systematic, timely, safe, standardized and complete
accomplishment of equipment care and inspection;

Increasing plant reliability by preventing equipment breakdown and
by prolonging equipment life;

Minimizing maintenance manpower requirements;

Providing a complete record system and a system for feedback to man-
agement;

Providing management with the information required for cost con-

trol, work load assessment and work assignment according to priori-
ty and urgency.
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MAINTENANCE MANAGEMENT SYSTEM EVALUATION GUIDELINES

A report (3) on maintenance management systems prepared by an EPA contrac-
tor provided guidelines for evaluating a maintenance management system. Table 2
presents those evaluation guidelines and a rating system.

Those systems, which achieve a high rating would be expected to produce the most
benefits. Each guideline may be assigned a numerical value up to the maximum as
indicated in the "Maximum Rating" column. The columns "PMMS Potential" and
“PMMS In Use" are numerical values assigned by PEER Consultants to the current
PMMS at the Lower Potomac Wastewater Treatment Plant. It should be noted that
the PMMS has the potential of receiving the maximum rating based on these
guidelines.

SYSTEMS COMPARISON

A direct way of comparing systems would be to compare a new system such as
the PMMS with a system or procedure in use prior to the introduction of the new
system. The difficulty in obtaining quantitative data as to cost and to ef-
fectiveness of maintenance programs, particularly those which are not "planned
maintenance management systems," negates or limits the use of the approach.
However, a qualitative assessment based on comments of personnel and semi-
quantitative assessments can be of use. Qualitative assessments could include
appearance of plant, morale of personnel, number of emergencies or crises,
backlogs, etc. Semi-quantitative data could include the size of the maintenance
staff, number of breakdowns, number of hours of bypassing, etc.

Comparisons of systems, at different plants on the basis of costs to
accomplish results, would be extremely difficult because of the problem of nor-
malizing costs and differences in cost accounting. However, using the evalua-
tion guideiines presented earlier in this section, interplant systems can be
compared. Other comparisons that can be made include the following:

1. Cost o§ installing system (for an operating plant this could be dif-
ficult).

2. Problems in using system.

3. The extent to which the system is being used as contrasted to the
systems potential.
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TABLE 2. GUIDELINES FOR EVALUATING A MAINTENANCE MANAGEMENT SYSTEM

EVALUATION GUIDELINES Maximum  PMMS PMMS
rating potential in use

Equipment Record System

1. Equipment numbering or 20 20 20
other identification
system

2. System for maintaining 50 50 50

nameplate data and other
essential information

3. Preventive maintenance 30 30 30
record system

4. Recording preventive ' 20 20 20
maintenance work

5. Recording manpower, spare 30 30 30
parts used

6. Recording cost data 30 30 30

7. Availability of 20 20 20

maintenance related

AmtnAn

A
documents

Planning and Scheduling

1. Schedule chart or list 20 20 20

2. Plan and schedule 30 30 30
a) PM frequency based
on manufacturers and

others 10 10 10
b) Integration of PM
and CM organization 10 10 10
3. (M considered in planning 20 20 20
4, Work order system 30 30 30
5. Manpower management 30 30 15
techniques
(continued)
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TABLE 2. (continued)

|

EVALUATION GUIDELINES _ Maximum  PMMS PMMS
rating potential in use

6. Labor standards 30 30 30
7. Contract maintenance 20 20 20

Storeroom and Inventory System

1. Storeroom 40 40 40
2. Analysis of maintenance 40 40 40
“items needed ' ' - T '

a) Monitor items in 20 20 20
stock

b) Min. and max.
requirements 20 20 10
c) Purchase order system 20 20 10
3. System for locating items 20 20 20
4, Index system 20 20 20
5. Withdrawal slip 20 20 20

Maintenance Organization and Personnel

1. Organization chart 30 30 30
2 Update of chart 20 20 20
3. Job descriptions 30 30 30
4 Descriptions up to date 20 20 20
5. Analysis of job 50 50 30
requirements
6. Training program 50 50 30
(continued)
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TABLE 2. (continued)

EVALUATION GUIDELINES Maximum  PMMS PMMS
rating potential in use
Cost and Budgets for Maintenance Operations
1. Breakdown of costs 50 50 50
2. Labor and materials by 40 40 40
jobs
3. Maintenance cost history 30 30 30
4. Compilation of cost 50 - 50 20
information
5. Contract maintenance costs 30 30

30
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SECTION 7
DATA ANALYSIS

This section presents a number of examples of how the data being col-
lected by the PMMS can be analyzed.

The validity of data analyses would, of course, depend on the accuracy of
the data used for the analyses. The data collected by the maintenance staff
and entered on the forms for input to the computer appear to be reliable and
of sufficient accuracy. However, the interface activities between the main-
tenance staff and the computer has had problems that put in question some of
the data coming out of the computer. Data from the forms have not been
transcribed correctly, multiple entries of the same forms have been made, and
not all the data have been entered into the computer. It should be pointed
out that these deficiencies are not due to the PMMS but rather to an organiza-
tional problem and possibly because a computer terminal is not available at
the treatment plant. Many of the deficiencies have now been corrected by the
addition of a PMMS technician.

It should be further noted that in spite of what appears to be major
deficiencies, the preventive and corrective maintenance activities are being
carried out in a satisfactory manner due in a large measure to the PMMS. The
system is considerably underused in that it does not have a complete and ac-
curate record system that could be used by management for cost control and
budget preparation and such optional features as quantitatively assessing the
benefits of the system by analyzing such factors as life cycle costs, and
providing information for better design, construction, and equipment evalua-
tion and for purchasing agents.

Another major barrier to data analysis is that the records for the PMMS
prior to its computerization have not been stored in a manner whereby they can
be readily retrieved.

In spite of the data deficiencies enumerated above, an analysis of the
data generated through the actual PMMS in use at the Lower Potomac Wastewater
Treatment Plant 1is presented and some assessment of how benefits can be
measured.

PLANT CAPACITY
The average flow at the plant has increased from 5 million gallons per

day (MGD) in 1970 to 18 MGD in 1980 (over 19 MGD in 1979) - Figure 2; There has
also been a corresponding increase in the influent BOD and suspended solids

35



AVERAGE FLOW IN MGD VS TIME
1970-1980

1970 71 72 73 74 75 78 77 78 79 80

YEARS

TLEGEND
© BOD - INFLUENT
X BOD - EFFLUEBNT

A 8S - INFLUENT ¢
O SS - EFFLUENT
L

e e e i e =+ — ORI

Figure 2. Average flow in MGD vs. time 1970-1980.
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loading as shown in Figure 3. However, there has been a continuing improve-
ment in plant performance, again illustrated by an actual reduction in ef-
fluent BOD and suspended solids quantities from 1972 through 1980 as also
shown in Figure 3. In addition, phosphorus removal facilities were placed in
operation in 1977, which increased the number of items requiring maintenance
and added to the amount of solids handled at the plant.

DATA AVAILABLE FOR ANALYSIS

In the section entitled "Data Generated Through The Actual PMMS in Use,"
we have presented a summary of actual data generated. The only data generated
reqularly for data analysis are the "Monthly Corrective Maintenance Sum-
maries" and the "Monthly Work Accomplished Summary." (See Section 5.)

These reports include the maintenance activities that are carried out at
facilities other than the Lower Potomac Plant and any data analysis should
take this into account.

However, in addition to the above two monthly reports, management can
request a report of any or all data inputed in a wide variety of formats. To
obtain this type of report may require the writing of a simple computer
program. . :

MAINTENANCE ACTIONS AND COSTS

The number of maintenance actions taken or required and the costs as-
sociated with those actions should present a method for assessing the benefits
or value of the PMMS.

The number of maintenance actions would be related to the size and age of
plant, the amount of standby facilities, and the actual use of equipment.

Maintenance actions should be classified as preventive, corrective,
elective (which does not necessarily relate to a malfunction or preventive
maintenance), and general housekeeping. In the PMMS as now in use, elective
maintenance and general housekeeping are included in corrective maintenance.

Labor costs depend on hourly rates, whether regular or overtime is used,
overhead factors, and which functions, e.g., administrative, supervision,
management, are charged to maintenance. Since labor rates change, the use of
hours as the parameter would be a way of normalizing Tlabor costs.

Maintenance Costs

The monthly preventive maintenance hours, standing work order hours, and
corrective maintenance hours and parts costs (adjusted for noncorrective
maintenance actions) are presented in Table 3.

The standing work orders include the following activities:

1. Custodial duties
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INFLUENT AND EFFLUENT OF BOD AND SS

VS TIME (1970-1980)
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Supervision

Preparation of malfunction reports

Miscellaneous, buildings and grounds

Preventive maintenance management personnel and costs
Stock clerk

Training

Assist in start-up of new equipment

Minor maintenance '

Clean up

Parts pick up

HPOWONOUIHEWN

—

Management should be aware of the changes made against the standing work
orders and should consider these categories in budgetary analysis of what is
being included under maintenance costs and time.

The corrective maintenance hours and costs, which are developed for the
"Monthly Corrective Maintenance Summary" and "Work Accomplished Summary," in-
clude all reported maintenance costs for a number of facilities other than the
LPWTP. Before preparing Table 3, data were adjusted to include only LPWTP
costs.- - - - S

The reported corrective maintenance costs included certain repair and
construction items that do not usually represent either preventive or cor-
rective maintenance activities. These include such items as:

1. Moving up equipment that was installed in the wrong location.
2. Installation of new equipment.

3. Installation of safety devices and equipment not originally
in stalled.

4., Modification necessary as a result of improper installations.

The reported corrective maintenance costs were adjusted by eliminating
the above items from monthly totals. It is these adjusted corrective main-
tenance labor hours and parts costs that are presented in Table 3.

Table 4 contains monthly average maintenance data derived from Table 3
and uncorrected data from the plant records for the period of 1973 to 1975
inclusive. The following observations may be made:

1. There has been little change in preventive maintenance effort.

2. There has been a continuing increase in corrective maintenance ef-
fort. The increase generally follows the increase in plant flow.
Most of the increase has taken place among the standing work orders.

3. For the period of 1976 to 1979 inclusive, overtime ‘hours have con-

tinued to increase. However, the total overtime hours per month are
approximately equivalent to one person.
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TABLE 3. PM AND CM HOURS AT LPWTP 1976
preventive corrective maintenance
maintenance
standing work LPWTP - swo plus LPWTP
orders

reg. o.t. total reg. o.t. tot. reg. o.t. total reg. o.t. total parts

hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. in §
Jan. 358 11 369 2015 16 2031 840 30 870 2855 46 2901 $2015
Feb. 244 43 287 1277 7 1284 744 38 782 2021 45 2066 1033
March 414 0 414 2254 17 2271 1193 23 1216 3447 40 3487 1800
April 432 9 441 1611 21 1632 1504 15 1519 3115 36 3151 2196
May 367 8 375 1704 25 1729 1248 15 1263 2952 40 2992 2574
June * 375 0 375 2109 79 2188 1526 18 1544 3635 97 3732 3308
July 386 16 402 1653 59 1712 817 40 857 2470 99 2569 2279
Aug. 493 1 494 1347 42 1389 1530 12 1542 2877 54 2931 1799
Sept. 548 16 564 2596 77 2673 1487 24 1511 4083 101 4184 9920
Oct. 294 16 310 1264 45 1309 925 16 941 2189 61 2250 5697
Nov. 597 56 653 2466 138 2604 1521 58 1579 3987 196 4183 3585
Dec. 346 40 386 1633 33 1666 1é12 49 1261 2845 82 2927 2515
1976 18 423 47 1874 28 1240 75 3114

Monthly
Average

(continued)
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TABLE 3. (continued)
preventive corrective maintenance
maintenance
standing work LPWTP swo plus LPWTP
orders

reg. o.t. total regq. o.t. tot. reg. o.t. total reg. o.t. total parts

hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. in §
Jan. 372 0 372 1879 60 1939 1305 33 1338 3184 . 93 3277 $2924
Feb. 350 25 375 1814 81 1895 986 5 991 2800 86 2886 3031
March 650 13 663 1905 112 2017 1113 42 1155 3018 154 3172 4978
April 608 31 639 2553 3! 2624 857 18 875 3410 89 3499 987
May 570 16 586 2484 19 2503 819 10 829 3303 29 3333 1562
June 438 26 464 2095 56 2151 1244 5 1249 3339 61 3400 3959
July 433 22 455 2201 57 2258 724 13 737 2925 70 l2995 3167
Aug. 400 0 400 2147 28 2175 1021 2 1023 3168 30 3198 2383
Sept. 538 40 578 2374 109 2483 932 4 936 3306 113 3419 3471
Oct. 574 34 608 1931 76 2007 982 38 1020 2913 114 3027 5288
Nov. 437 42 479 1776 113 1889 1178 14 1192 2954 127 3081 4930
Dec. 522 32 554 2488 16 2504 1018 28 1046 3506 44 3550 4738

23 514 67 2204 18 1032 85 3236

1977
Monthly
Average

(continued)
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TABLE 3. (continued)
preventive corrective maintenance
maintenance ‘
standing work LPWTP swo plus LPWTP
orders

reg. o.t. total reg. o.t. tot. reqg. o.t. total reg. o.t. total parts

hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. in §
Jan. 619 15 634 2270 14 2284 1669 165 1834 3939 179 4118 $7962
Feb. 581 30 611 2244 161 2405 895 45 940 3139 206 3345 2293
March 730 4 734 2919 128 3047 1042 63 1105 3961 191 4152 11813
April 683 32 715 3103 72 3175 1524 103 1627 4627 175 4802 7066
May 889 55 944 2931 105 3036 1578 34 1612 4509 139 4648 3637
June 420 0 420 1723 88 1811 1505 37 1542 3228 125 3353 13081
July 736 26 762 2442 43 2485 1162 81 1243 3604 124 3728 2957
Aug. 826 17 843 3258 81 3339 1283 119 1402 4541 200 4741 8730
Sept. 593 36 629 2487 101 2588 2155 55 2210 4642 156 4798 3080
Oct. 878 13 891 3337 135 3472 1239 41 1280 3576 176 3752 3553
Nov. 765 61 826 2455 50 2505 940 10 950 3395 60 3455 1843
Dec. . 630 60 690 2317 64 2381 561 2 563 2878 66 2944 1299

29 725 87 2710 63 1359 150 4069

&212h1y
Average

(continued)



ey

TABLE 3. (continued)

preventive corrective maintenance
maintenance

standing work LPWTP swo plus LPWTP
orders

reg. o.t. total reg. o.t. tot. reg. o.t. total reg. o.t. total parts

hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. in $
Jan. 1351 76 1426 4871 171 5042 1861 85 1946 6732 256 6988 $9090
Feb. ‘ 399 18 417 1445 55 1500 325 26 351 1770 81 1851 2137
March 694 52 746 2603 86 2689 1708 50 1758 4311 136 4447 9890
April 713 94 807 2440 69 2509 2811 474 3285 5251 543 5794 4166
May 160 8 168 592 8 600 619 74 693 1211 82 1293 2252
June - - - 4778 190 4968 342 30 372 5120 220 5340 3555

50 679 97 2885 123 1400 220 4285

1979
Monthly

Average
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TABLE 4. MONTHLY AVERAGE MAINTENANCE MANPOWER (MAN HOURS)

year preventive maintenance corrective maintenance
standing LPWTP swo plus
work orders LPWTP
total o.t. total o.t. total o.t. total o.t.
hours hours hours hours hours hours hours hours
1973* 440 - . - - - - 1706 -
1974%* 695 - - - - - 2691 -
1975%* 438 - - - - - 3178 -
1976 423 -18 1874 47 1240 28 3114 75
1977 514 23 2204 67 1032 18 3236 85
1978 725 29 2710 87 1359 63 4069 150
1979 679 50 2885 97 1400 123 4285 220

* UNCORRECTED DATA - MANUAL SYSTEM



4. The data available for analysis must be carefully screened. As an
example in March 1978, CM was charged with 342 hours of overtime for
a single item. That item is for a new installation (elective
maintenance) and could readily result in data misinterpretation.
Note: The data that we have presented in Tables 3 and 4 have been
adjusted for new installations.

Analysis of Corrective Maintenance Histories

As described previously, data from the corrective maintenance actions
are entered into the computer. These data can then be retrieved in a number
of formats to facilitate analysis and evaluation.

A history of corrective maintenance actions can be assembled by (1) major
system, e.g., secondary treatment, (2) subsystem, e.g., air delivery, (3)
functional unit, e.g., blowers, (4) type of equipment, e.g. air blower motor
or (5) specific piece of equipment, e.g. air blower motor unit No. 3.

Each of the corrective maintenance histories could include any or all of
the following information:.- : v

1. Equipment identification number

2. Equipment name

3. Job number

4. Labor hours - regular, overtime and total

5. Labor costs

6. Parts and material costs

7. Contractor costs

8. Total job costs

9. Date equipment taken out of service

10. Date corrective action completed

11. Total hours equipment has run since it was installed
12. What was wrong

13. What caused the maifunction

14. What was done to correct malfunction

15. What specific item was repaired or replaced.

Thus an analysis of a corrective maintenance history could yield the fol-
Towing types of beneficial information:

. Cause of malfunction

. Repeated malfunction of same item

. Cost of corrective maintenance for each piece of equipment or for
the cost for a major system

1

2

3

4, A quantitative record of where most corrective maintenance takes.
place

5. Cost of corrective maintenance related to age of equipment, cyclic

operation, equipment loading, general operating environment, pre-
ventive maintenance, manufacturer
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6. Life cycle costs

7. Frequency of corrective maintenance actions

8. Downtime of equipment for corrective maintenance

9. Optimizing parts inventory

10. Able to anticipate failure due to normal use or wear
11. Reliability of systems, equipment, etc.

Figures 4 and 5 are examples of corrective maintenance histories ‘that can
be obtained from the computer.

In utilizing the corrective maintenance data for analysis, there are a
number of major factors that must be taken in account. Maintenance required
by breakdown or incipient failure must be distinguished from elective or
nonbreakdown maintenance. Records must be complete and accurate. There must
be sufficient data (or corrective maintenance actions) for the analyses to be
statistically sound.

To illustrate how data from corrective maintenance histories can be a-
nalyzed to assist maintenance and management personnel in improving plant
per formance, CM histories for- a number of equipment items were analyzed. The
equipment items are:

1. Incinerators - ID No. 6111 .

2. Sludge Plunger Pumps - ID No. 5221 .
3. Air Blowers - ID No. 3221 .

4. Vacuum Pump Motors - ID No. 5912 .
5. Chlorinators :
6. Low Lift Pumps - ID No. 4341 .

7. Sludge Conveyors - ID No. 5341 .

8. Secondary Clarifiers - ID No.

For each equipment item, CM histories were analyzed and corrected for
non-CM actions. The data and computed values for the following factors were
tabulated:

1. Hours of equipment run

2. Period of equipment use

3. CM labor hours for hours run

4. Number of CM during hours run

5. Parts cost during hours run

6. CM labor hours during period of equipment use
7. Number of CM actions during period of equipment use
8. Parts cost during period of equipment use

9. Run hours per hour of CM
10. Run hours between CM actions
11. Run hours per $ of CM part

12. Number of hours of CM per CM action
13. $ of CM parts per CM action
14, Time interval between CM actions in months
15. CM hours per month.
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JOBNO TOTAL 25.0 .0 151260 360.00 511.60 :
522103 DUPLX SLUDGE PLUNGER PUMP NO 2 020 014267 8.0 .0 44.40 «00 44,40 02 78
JOBNO TOTAL IR 8.0 o0 44.40.. . e .aQ0 . _ _48.40 ;
522100 DUPLX SLUDGE PLUNGER PUMP NO 1 020 013728 12.0 .0 57.40 81420 138460 o1 78"
JOBNG TOTAL 12.0 .0 67.40 81.20 138.60
522103 DUPLX SLUDGE PLUNGER PUMP NO 3 . 020 019070 16.0 .0 103.88 9.46 112.90 09 78
JOBNO TOTAL 16.0 .0 103,64 9.46 112.90
522103 DUPLX. SLUDGE PLUNGER._PUMP._ND 3 020 018908 2040 .0 12980 . 948096 . . 11078426 09 78
JOBNO TOTAL 20.0 .0 129.80 948.46 1,078,226
522103 DUPLX SLUDGE PLUNGER PUMP NO 3 020 * 018039 20 -0 13,64 «00 13.64 Q8 78
JOBNG TOTA . IR . 240 .0 13064 . «00. . __13.64 :
S22104 DUPLX SLUDGE PLUNGER PUMP NO & 020 023172 16.0 .0 109.36 21.31 130.67 03 79
JOBNO TOTAL 16.0 .0 109.36 21.31 130.67 ,
522102 DUPLX SLUDGE PLUNGER PUMP NO 2 020 024350 = 2.0 «0 .40 7T T80T 11.40° 05 79
JOBNO YOTAL 2.0 .0 11.40 «00 11.40
522102 uueLs SLURGE PLJINGER PUMP_NO 2. . _ . 020 . 024179___ . 1.0 .0 5.?0__hw__ ._nQQ__-u___julﬂ__~_ﬂA__lﬂ
JOBNO TCTA 1.0 .0 Se7 5.70
221 01 DUPLX SLUDGE PLUNGER PUMP NO 1 020 023471 2.0 0 11.40 «00 11.40 03 79'
JOBNO TOTAL . . __ e . e 2.0 «0 11600 . ... _.e00 . 11,40
- h— * - T s

Figure 5. Corrective maintenance history cost 1976.



The results of the analyses are presented in Tables 5 through 20 in-
clusive. A comparison among the various units within each equipment category
can be readily made.

A summary of analyses of corrective maintenance histories is presented
in Tables 21 and 22. A comparison among various equipment categories can be
readily made.

Use of Data Analyses

The purpose of analyzing maintenance data is to obtain the benefits that
were discussed in Section 6. These benefits could include the following:

1. Decreased downtime of equipment

2. Decreased costs of maintenance

3. More effective use of PM

4, Manufacturing, installation, or design defect identification
5. Improved plant performance

6. Determination of life-cycle costs

7. Reduction in spare parts inventory

8. Equipment evaluation

9. Effective use of maintenance personnel

The analyzed data should be of considerable value to management and main-
tenance personnel. However, IT IS ESSENTIAL THAT SOMEONE BE ASSIGNED THE
RESPONSIBILITY OF ANALYZING THE DATA THAT ARE BEING COLLECTED. Furthermore,
the results of the analysis should be implemented by modifying any necessary
maintenance procedures.
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TABLE 5. ANALYSIS OF CORRECTIVE MAINTENANCE HISTORY -

1976-1980

INCINERATORS ID NO. 6111

i Parts Parts

: No. of CM cost Labor hrs. No. of CM cost

i Labor hrs. during hrs. during during during during
%Unit no. Hrs. run for hrs. run run hrs. run time int. time int, = time int.
‘No. 1 1273 279 9 $ 1117 ' 317 10 $ 1117
No. 2 4556 296 8 1703 376 10 1703
No. 3 34847 1679 54 21860 1691 57 21860
No. 4 32577 965 33 13342 973 33 13346
TOTAL 73253 3219 104 $ 38022 3357 110 $ 38026
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TABLE 6. ANALYSIS OF CORRECTIVE MAINTENANCE HISTORY 1976-1980
INCINERATORS ID NO. 611L_;
Time
Run Hrs. of Hrs. of No. of hrs. . § of CM internal
hrs. per run run per of CM parts between :
: hr. of between $ of per per CM actions CM hrs.
Unit no. ™ CM actions CM part CM action CM action months per month
Incinerator
No. 1 4.6 141 1.1 3.2 $ 110 4.8 6.6
No. 2 15 570 2.7 38 170 4.8 7.8
No. 3 21 645 1.6 30 384 1.0 28
No. 4 34 990 2.4 29 404 1.6 16
All equip* 23 700 1.9 31 $ 345 0.5 56

in category

* Based on 60 months.
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TABLE 7. ANALYSIS.OF CORRECTIVE MAINTENANCE HISTORY 1976-1980

SLUDGE PLUNGER PUMPS ID NO. 5221

: Parts Parts
No. of CM cost Labor hrs. No. of CM cost
: Labor hrs. during hrs. during during during during
:Unit no. Hrs. run for hrs. run run hrs. run time int. time int. time int.
‘No. 1 10085 288 23 $ 780 288 24 $ 789
No. 2 2810 116 12 738 127 13 745
No. 3 14133 233 20 1022 241 21 1022
No. 4 14743 222 22 893 ' 242 23 877
No. 5 11680 30 7 83 40 8 97
No. 6 3380 37 9 208 49 10 231
TOTAL 56831 926 113 $ 3703 ' 987 99 $ 3761




€S

i

TABLE 8. ANALYSIS OF CORRECTIVE MAINTENANCE HISTORY 1976-1980

SLUDGE PLUNGER PUMPS ID NO. 5221

Time
Run Hrs. of Hrs. of No. of hrs. $ of CM internal
hrs. per run run per of CM parts between
hr. of between $ of per per CM actions CM hrs.
Unit no. CM CM actions - CM part CM action CM action months per month
' Pludger Pump
No. 1 35 438 13 12 $ 33 2.5 4.8
No. 2 24 122 3.6 9.8 57 4,6 2.1
No. 3 61 710 13.8 11 49 2.9 4.0
No. 4 65 660 17 11 38 2.6 4.0
No. 5 390 1670 141 5 12 7.5 0.7
No. 6 91 375 16 5 23 6 0.8
All Equip.
in category 61 500 15 10 $ 38 0.6 16.5
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TABLE 9. ANALYSIS OF CORRECTIVE MAINTENANCE HISTORY 1976-1980

AIR BLOWERS ID NO. 3221

Parts Parts
No. of CM . cost Labor hrs. No. of CM cost
Labor hrs. during hrs. during during during during
. Unit No. Hrs. run for hrs. run run hrs. run time int. time int. time int.
1
2 7902 18 2 $ 0 26 3 $ 0
3 14100 67 5 410 65 6 423
4 9941 384 7 73 392 8 78
5 15029 154 11 521 168 12 521
TOTAL 46972 623 25 $1004 625 26 $1022
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TABLE 10. ANALYSIS OF CORRECTIVE MAINTENANCE HISTORY 1976-1980
AIR BLOWERS ID NO. 3221
Time
Run Hrs, of Hrs. of No. of hrs. $ of CM internal
hrs. per run run per of CM parts between 60 Months)
hr. of between $ of per per CM actions CM hrs.
Unit no. CcM CM actions CM part CM action CM action months per month
Blower No. 21 2820 35 13 $ 11 10 1.1
No. 26 26 136 55 49 7.5 6.5
No. 98 98 29 14 14 5 2.8
No. 439 3950 - 9 - - -
All Equip. 75 1880 47 24 $ 39 2.3 10.4

in category
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TABLE 11. ANALYSIS OF CORRECTIVE MAINTENANCE HISTORY 1976-1980

VACUUM PUMP MOTORS ID NO. 5912

Parts , Parts

i No. of CM cost ¢ Labor hrs. No. of CM cost
; Labor hrs. during hrs. during during during during
., Unit no. Hrs. run for hrs. run run hrs. run time int. time int. time int.
;1 — 93 2 $. 760

3 15438 141 5 $ 230 165 6 505
| 4 13264 40 . 6 0 , 55 7 130
| |
. TOTAL 28702 181 11 $ 230 313 15 $ 760
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TABLE 12,

ANALYSIS OF CORRECTIVE MAINTENANCE HISTORY 1976-1980

VACUUM PUMP MOTORS ID NO. 5912

in category

Time
Run Hrs. of Hrs. of No. of hrs.” § of CM internal
hrs. per run run per of CM parts between
: hr. of between $ of per per CM actions CM hrs.
~Unit no. CM CM actions CM part CM action CM action months per month
1 47 $ 63
3 109 3090 67 28 64
4 332 2210 - 8 19
"All equip. 159 2610 125 21 $ 51




TABLE 13. ANALYSIS OF CORRECTIVE MAINTENANCE HISTORY 1976-1980

. CHLORINATORS

; 5 6 7

; Parts Parts

§ No. of CM cost Labor hrs. No. of CM cost

i Labor hrs. during hrs. during during during during

. Unit no. Hrs. run for hrs. run run hrs. run = time int. time int. time int.

-1 Prechlor. : 54 2 $ 746
® 2 East 114 10 234

"3 Standby 106 6 182

"4 West 85 7 145

5 Gravity 15 3 15

TOTAL . . 374 28 $1322
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TABLE 14.

ANALYSIS OF CORRECTIVE MAINTENANCE

HISTORY 1976-1980

CHLORINATORS
Time
Run Hrs. of Hrs. of No. of hrs. $ of CM internal
hrs. per Tun run per of CM parts between
hr. of between $ of per per CM actions CM hrs.
CM CM actdons CM part CM action CM action months per month
" Pre. 27 $ 370 30 0.9
East 11 23 6 1.9
Standby 18 30 10 1.8
West 14 21 9 1.4
Gravity 5 5 20 0.4
All equip.
in category 13 $ 47 2.1 6.2

Assume 60 months



TABLE

15. ANALYSIS OF CORRECTIVE MAINTENANCE HISTORY 1976-1980

LOW LIFT PUMPS ID NO. 4341

1

Time
Run Hrs. of Hrs. of No. of hrs., § of CM internal
hrs. per run run per of CM parts between
_ hr. of between $ of per per CM actions CM hrs.
‘Unit no. CcM CM actions CM part CM action CM action months per month
;Low Lift Pump
No. 1 250 3590 230 13 8 14 4.8 2.8
'Low Lift Pump '
3 No. 2 78 860 89 10 9 5.3 1.9
‘Low Lift Pump
: No. 3 184 900 127 6 6 4.4 1.4
Low Lift Pump
No. 4 18 260 5 14 48 3.7 3.8
All equip.
_in category 116 1320 56 11 $ 21 1.1 9.8
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TABLE 16.

ANALYSIS OF CORRECTIVE MAINTENANCE HISTORY 1976-1980

LOW LIFT PUMPS ID NO. 4341

Parts Parts
; No. of CM cost Labor hrs. No. of CM cost
; Labor hrs. during hrs. during during during during
‘ Unit no. Hrs. run for hrs. run. run hrs. run time int. time int. time int.
1 32325 130 9 $ 138 134 10 $ 138
2 6887 88 8 77 90 9 77
! 3 8998 49 10 71 67 11 71
: 4 3137 177 12 626 181 13 629
TOTAL 51347 444 39 $ 912 472 43 $ 915
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TABLE 17. ANALYSIS OF CORRECTIVE MAINTENANCE HISTORY 1976-1980

SLUDGE CONVEYORS ID NO. 5341

1

Parts ' Parts
No. of CM cost ~ Labor hrs. No. of CM cost
; Labor hrs. during hrs. during ~ during daring during
-Unit no. Hrs. run for hrs. run run hrs. run * time int. time int. time int.
|
y
L2 6199 313 21 $ 4198 313 22 $ 4198
3
4 5694 6514 22 4191 654 23 - § 5124
5 41047 159 12 © 1103 © 300 13 1103
6 24346 115 15 1991 115 16 1991
7 12097 613 27 4598 613 28 4598

8 6883 272 10 354 272 11 354

TOTAL 96266 1986 107 $ 16435 2539 113 $ 17368
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TABLE 18.

ANLAYSTS OF CORRECTIVE MAINTENANCE HISTORY 1976-1980

SLUDGE CONVEYORS ID NO. 5341

Time

! Run Hrs, of Hrs. of No. of hrs.: $ of CM internal
hrs per run run per of CM parts between
. hrs. of between $ of per ' per CM actions CM hrs.
. Unit. no. CM CM actions CM part CM action CM action months per month
1
2 20 295 1.5 14 $ 191
3
4 11 260 1.4 2.8 222
5 258 3420 37 23 85
6 212 1620 12 7 124
7 20 450 2.6 22 164
8 25 688 19 25 32
All equip.
in category 48 900 5.9 22 $ 154
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TABLE 19. ANALYSIS OF CORRECTIVE MAINTENANCE HISTORY 1976-1980

SECONDARY CLARIFIERS

Parts ER Parts

: No. of CM cost Labor hrs. No. of CM cost
i Labor hrs. during hrs. during during during during
‘Unit no. Hrs. run for hrs. run run hrs. run time int. time int. time int.
' 1 22591 139 15 $ 268 139 15 $ 268
¥

2 25492 38 5 47 40 6 60

3 5659 147 15 165 157 16 165

4 16694 254 16 388 264 17 388
TOTAL ALL 70436 578 51 $ 868 600 54 $ 881

UNITS
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TABLE 20. ANALYSIS OF CORRECTIVE MAINTENANCE HISTORY 1976-1980
SECONDARY CLARIFIERS
Time
Run Hrs. of Hrs. of No. of hrs. , $ of CM internal
hrs. per run run per of CM parts between
; hr. of between $ of per per CM actions CM hrs.
"No. of unit CM CM actions CM part CM action CM action months per month
iClarifier
' No. 1 163 1510 84 9.2 $ 18 3.2 2.9
Clarifier
No. 2 670 5100 670 6.7 10 8.0 0.8
Clarifier
No. 3 38 377 34 10 j 6 3.0 1.2
Clarifier
No. 4 66 1040 43 16 23 2.8 5.5
All equip.
in category 122 1380 81 11 $ 16 0.9 12.5
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TABLE 21.

SUMMARY OF ANALYSES OF CORRECTIVE MAINTENANCE HISTORIES

i Time

| Run Hrs. of Hrs. of No. of hrs. § of CM internal

i No. hrs. per run run per of CM . parts between

Equipment of hr. of between $ of per per CM actions CM hrs.
category units CM CM actions CM part CM action CM action months per month
Clarifiers 4 122 1380 81 11 16 0.9 12.5
Low Lift Pumps 4 116 1320 56 11 21 1.1 9.8
Incinerator 4 23 700 2 31 345 0.5 56
Chlorinators 5 13 47 2.1 6.2
Plunger Pumps 6 61 500 15 10 38 0.6 16.5
Sludge Conveyors 6 48 900 6 22 154

Vacuum Pump Motors 3 159 2610 125 21 51

Air Blowers 4 75 1880 47 24 39 2.3 10.4
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TABLE 22. SUMMARY OF ANALYSES OF CORRECTIVE MAINTENANCE HISTORIES .

Total Total

) CM CM
Equipment Labor hrs. Part costs "~ labor Total parts
category per CM $ per CM hours no. of CM $

Aver Max Aver Max { memm—— emmmmmmee e
Clarifiers 11 71 $16 $ 278 600 54 s §81
Low Lift Pump 11 50 21 285 472 43 915
Incinerator 31 597 345 9454 3357 110 38026
Chlorinator 13 35 47 684 374 28 1322
Plunger pump 10 67 38 400 987 99 3761 -
Air Blowers 24 340 39 436 625 26 1022
Sludge Conveyors 22 148 154 3511 2539 113 17368
Vacuum Pump Motors © 21 80 51 275 313 15 760




Data Analysis

The performance of the treatment plant since the introduction of the PMMS
in 1972 has yielded a satisfactory effluent (Figure 3) while the flow has
nearly doubled (Figure 2).

The increase in overtime hours has been minimal. The maintenance staff
reports that the frequency of emergency corrective maintenance actions has
decreased, impending failures have been identified and prevented, additional
elective maintenance can be performed with available staff and the general
appearance of the plant continues to improve.

Much of the above benefits can be attributed to the PMMS. However,
considerably more benefits could be obtained by the analysis and use of data
that are currently being stored in the computer. The following are examples
of how these data may be used.

Manpower and Costs--

" Table 4 - Monthly Average Maintenance Manpower - summarizes the actual
reported manpower utilized for preventive and corrective maintenance. PM has
been 425 to 725 man-hours per month, which is approximately 15 to 25 percent
of CM. Over the years, CM has increased but the major position of that
increase has been in the Standing Work Orders (from 1870 to 2885 man-hours per
month from 1976 to 1979). The hours devoted to PM has not changed signi-
ficantly over the year. OQvertime hours, although increasing from 93 to 270
man-hours per month from 1976 to 1979, have remained relatively Tow. These
data, particularly the time reported as Standing Work Orders, should be ana-
lyzed by management in detail to determine if data are being correctly record-
?d, personnel are correctly assigned, personnel can be more effectively uti-

ized, etc.

Corrective Maintenance Histories--

Tables 5 through 22 provide examples of how data can be analyzed to bring
about a reduction in downtime of equipment and costs (man-hours and parts).
Tables 5 and 6 present an analysis of data related to the four incinerators
for the period of 1976-80 and is used to illustrate how data may be analyzed.
Each of the following points should be reviewed by maintenance and management
personnel to determine the reasons for the variability of the data and whether
any changes in maintenance procedures or frequencies are in order.

1. Hours run per incinerator ranged from 1273 to 34,847, with two of
the incinerators in use most of the time.

2. The CM labor hours ranged from 279 to 1679 per incinerator. Al-
though the higher CM 1labor hours were associated with the incinera-
tors that were operated for longer periods, incinerator no. 3 re-
quired 1679 CM hours while incinerator no. 4 required only 965
hours. Parts costs were $21,860 and $13,346, and the number of CM
actions were 57 and 33, respectively for no. 3 and no. 4.
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3. The averagé number of hours run per hour of CM was 23 but the range
was 5 to 34.

4. The average number of hours run between CM actions was 700 but the
range was 141 to 990.

5. The hours of run per dollar of CM part averaged 1.9 with a range of
1.1 to 2.4. ' ' '

6. The average number of hours of CM per CM action was 31 with a range
of averages of 3.2 to 38. Note: The maximum for a single CM was 597
(Table 22).

7. The average cost of parts per CM action was $345 with a range of
averages $110 to $404. Note: The maximum for a single CM was $9454
(Table 22).

8. The average time interval between CM actions ranged from 1.0 to 4.8
months.

9. The average CM hours ranged from 6.6 to 28 hours per month.

In addition to the analysis of specific pieces of equipment, e.g., in-
cinerators, a comparison among groups of equipment within the plant can also
be made. Table 22 presents a summary of CM data for that comparison.

An analysis of Table 22 indicates that the incinerators and sludge con-
veyors had extremely high CM labor and parts, 3357 and 2539 man-hours and
$38,026 and $17,368, respectively, during 1976 to 1980. Plunger pumps also
require frequent CM and costly parts.

The experience of other plants with the same equipment would make a
valuable comparison but those data are not as yet readily available.

It is important to note that there was no change in PM procedures or
frequencies during the period for which data are presented.

An even more detailed analysis, which should be carried out on a regular
basis, should attempt to determine why some units need more frequent and more
costly CM. Are there particular parts that are failing? Could additional PM
reduce CM? Would additional PM be cost-effectiveness? Is excessive CM due to
poor installation? Is proper equipment being used? Are there sufficient data
to determine expected life of part and provide for replacement before actual
failure? Etc. .

Based on the data presented in Table 22, is the distribution of PM effort
among the various equipment appropriate?

Thus, by an analysis of data and, if necessary, a review of each CM
action as reported in the CM Work Order Request, steps can be taken to (1)
revise PM procedures, (2) assure proper installation of equipment, and/or (3)
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have properly sized and specified equipment. These steps would then provide
for obtaining the full benefits of the PMMS that have been previously dis-
cussed. :
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APPENDIX A

FORMS FOQR PMMS AS ORIGINALLY INSTALLED
Forms

ML - Equipment Reference Data - Figure Al
Reverse side - Parts List - Figure A2

M2 - Equipment Maintenance Record - Figure A3

M3 - Preventive Maintenance Work Record - Figure A4
Reverse side - Report of Trouble - Figure A5

M3x - Preventive Maintenance Work Record (ALT) - Figure A6

ME - Equipment Malfunction Report - Figure A7

M5 - Corrective Maintenance Work Order - Figure A8

M6 - Corrective Maintenance Work Order and Work Record -
Figure A9

M7 - Weekly Maintenance Summary Report - Figure 10
Reverse side - Corrective Maintenance Summary -
Figure All

M8 - Maintenance Procedure Sheet - Figure Al2 °
Reverse side - Figure Al3

In addition to the above forms, the system requires a functional
numbering and an equipment type number.
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EQUIPMENT REFERENCE DATA

Equipment Name and Number

Type No. D No.

Plant Area| Level

Location in Area

|l\el. Location

Manufacturer

Local Representative

Part or Model Number

Serial Number

[Reference Drawing

ll-leference Catalog

Inatruction Book

Date Put in Service

Electric Motor Pump liu: Drive or Reducer

HP I.Frame RPM Capacity TDH RPM PN RPM Gut
Volts Amps lﬁkaae Tmpeller acking Katio
Type Specification Type Installation Type

[ Series O Open O Centrifugal [3 Horizontal O Gear

{0 Shunt D Exp. proof O Plunger 0O vertical Ov-Belt

[ Synchronous [ Drip proof O Diaphragm [] Submerged {J Chain

O Induction [0 Totally enclosed O Gear Lubrication O Vvaridrive

8] a O Screw O water

0o 0 oil
0 Grease

Bearings Bearings Bearings

[]Sleeve [lBan [JRoller []Sleeve bOBall {JRoller []Slecve [dBal ORoller
Lubricant Lubricant Lubricant

Other Equipment

Type, Speed, Size, Capacity, Range

Bearings, Lubricant

Other Features

Form M1-5/7¢




PARTS LIST

Name of Part Manufacturer Cat. No. Local Supplier Cost

Form M1 Reverse)-5/72

" Figure A2. Form Ml (reverse) parts list.
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. AINTENANGE RECOQORD

Kquipment Name and Hunmiber 1.D. No Se11al No. Locstion ecord Shast Ne.
IMPC No. Labor jJObearvations Volis Amps Meg Ohm

Date or Remarks and Dats
Job No. Iskiltltnitiais{liours| ind. |Mod. JLeg 1{teg 2|Leg 3|1.ag 1] Loy 2]Log 3] Leg )| Leg 2 |Log?

Figure A3.
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PREVENTIV E WOR ECORD
Lquipment Name sad Mumbe r K LD. e oy
INCINERATOR NO.
MPS Ne. [Meme o praceewre CHECK OIL LEVEL « SIGHT M ort Compiotet ugaaareet
- | FEEDER - TOP=-BOTT. CENTER SHAFT
Hechans's Name Reg. Mee oF Mrs VYeie ‘u'| (o0 _ i
Leg & jros 3 Los +
Ampe
Megotmes 1Care. w M® G
Wae there any indication of trouble? Trouble OK
Any change in operation of appearance? . . , . . . 4+ + o « o a a
Any difference from similar units? , . , . . . 0 4 4 . 0 . . o a
Any broken or wOPD PAFLI?. . . . . . 4 4 s 6 o o s o s s =] o
Any excess leaks, heat, noise, vibration?. . . . . . . . . o o) a
Any excess dirt or COTTOosion? . . . . v 4 s « o o 4 0 o . o a
Any fouling by foreignobjects?. . . . . . o . ¢ o o o o s Q Qa
Was insulation resistance toolow? ., . . . . . ¢ ¢ 4 e 005 . o Q
Any improvements to procedure, toole or parts? . . . , . o« o e . a a
Any improvements to safety precautions? ., . . . v e e e e e e a . *)
I{F ANY TROUBLE, FILL OUT REVERSE SIDE
Lot dtinrlI0)

Figure A4.

Form M3, preventive

maintenance

work record.

REP
Indicotion o Traubie Whes Orscovered Coauee of Tromtie
T sreren part T oy, coutes Disarineg O Mo /e ot/ wmastoe
Oveie pern O veiage O soprine O stametriy! mansmmre
| = 99 Ocurrem Couring sperstion O rererpe soppes
[ = O resroroncs Clovrine P O oames/ebramen
Osment O riew rue Oovrine cw Owear
Ovisretien Orrasiere O ouring Mo0 O Canipment aaton
Oieeniag O spoee O ouriag o4 O 1mproper 1nctatianien
Clower Ooueer O tmoraser tassrestren
O:msrepsr appromen
00-7
and et ot

wes tagged out o servme (]

Forem Miireversei -/ V1]

Figure A5.

/5

Form M3 (reverse) report of trouble.



Date [Mechanic's Name|Reg.Hrs | OT Hrs ||Date|{Mechanic’'s Name [Reg.Hrs | OT Hrs
) REPORT OF TROUBLE

INDICATION OF TROUBLE WHEN DISCOVERED CAUSE OF TROUBLE
|_Broken part _Dirty,fouled| _Starting _Heat/Cold/weather
| Worn part _Voltage _Stopping _Humidity/moisture
_Heat Lurrent During operation _Foreign object
_Noise _Resistance _During PM _Shock/vibration
_Smell _Flow rate _During CM _Wear
_Vibration _Pressure _During MOD _Equipment defect
_Leaking _Speed During OH _Improper installation
Ocher Other _lmproper lubrication

_Improper operation
Other

Remarks and Recommendations

Check {f equipment was
tagged out of service

Figure A6.
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EQUIPMENT MALFUNCTION REPORT

niément Name and Number LD. No. Serial No. Location
Date of Trouble Time reporled by l l l l-'loum.n
Indication of Trouble hen Discovered IClul‘ of Trouble
O Broken part 3 Dirty. fouled O starting O Heat/cold/weather
0O worn pare 0 voltage [ stopping [0 Humidity/moisture
[ Heat [ current [ Duriag cperation O Forecign object
[ Noise {3 Resistance [ During PM {1 shock/vibration
0 smen1 [ Flow rate {Q During CM O wear
QO vibration [ Pressure () buring MOD [ Equipment defect
[ Leaking 1 spoed [ During OH o lmpro.por inatallation
O otber M other O i1mproper lubrication

[ Improper operation
O other

Remarks and Recommendations

Check if equipment was tagged
ut of eervice

a

Form M4-5/72

Figure A7.

Form M4, equipment malfunction report.
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CORRECTIVE

MAINTENANCE WORK

ORDER

Date

Requested by

Required
Completion Date

Equipment Name and Number

1.D. No. Serial No.

[ 1 I ]

Location

Indication of Trouble
O Broken part

D worn pant

0O Hea

0O noise

3 smen

0 vibration

B Leaking

0O other

0 oirty. fouted
D Voltage

D Current

0 Reastance
D Flow rate
O epressure

O speed

When Discovered

D S‘larling

D Stopping

D During operation
D During PM

{3 ouring cm

D During MOD

D During OH

D Other

Cause of Trouble

D Heat/cold/weather
D Humidity/moisture
D Foreign object

O shock/vibration

D Wear

u Equipment defect

D lmproper installation

D Improper lubrication

D Improper operation

n Ot‘mr

Corrective Work Requeated

Estimated Costs

Labor

Parte

Contractors

‘Total

e
Estimated Down-Time

Approved by

Date

Job No.

Figure A8.

Form M5, corrective maintenance work order.

Form M5-5/72



CORRECTIVE MAINTENANCE WORK ORDER
) I Soquecses by r...w-a oae
[ s ] 0. M. ‘.....u-. ]m.—
mtng atsam of Trostie Wasa Osscaveres Canan of Treshie
O seeren pore O oirer. tamiea O mercay 4 [« DO vr—
O vorn pon [« K2V [= E 20 3 stematioy memorare
[« L2 O cueren 3 Owrveg cporamen 3 Ferorgn capere
[« PN 0O sesrersnce ) Ourng #me ) somer/oitronian
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Figure A9. Form M6, corrective maintenance work order and work record.
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Fairfax County Lower Potomac Pollution Control Plant

MAINTENANCE SUMMARY REPORT FOR WEEK ENDING

WORK LOAD SUMMARY

Line

Item

Number
of
Actions

Estimated Manhours

Skill 1 Skill 2 Skill 3 Total -

Preventive Maintenance

Backlox from previous week

Regularly scheduled for this week

Total outstandine work (A& B)

Accomplished this week

mjo|o®|>

Backlog for next week (C-D)

Corrective Maintenance

Backlog from previous week

New work orders, this week

Total outstanding work (F&G)

B

Accomplished this week

Backlog for next week (H-I)

»

Total backlog for next week (E&J)

WORK ACCOMPLISHED S

UMMARY

Item

Preventive

Maintenance

Total

Corrective
Maintenance

Maintenance

- v
Number of Actions Completed !

Actual manhours expended i

Skill | I

Skill 2

Skill 3 4

Total

Labor costs

Rexular

o.T.

Total

Qutside contractor costs

Cost of parts and materials

Total costs

Figure A10.

Form M7,
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Form MT7-5/72

week 1y maintenance summary report.
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CORRECTIVE MAINTENANCE SUMMARY

Equip.

Job No.|! Equipment Name LD

Status| Description of Work
Code* To Be Done

Priority
Codense

Work Order
Date

Completion
Date

Remarks

$Equipment Status Code
O - Operational
N - Nonoperational
R - Reduced capability

L/s-(am12A0Y) LN WO,

Figure All.

esPriority Code

U - Urgent repairs to correct conditions which prevent the plant
from operating or which involve the health and safety
of personnel
N - Necded repairs to correct conditions which seriously impair
plant efficiency or plant reliability
R - Routine repairs, tests and inspections
C - Convcenience items

Form M7 (reverse), corrective maintenance summary.




MAINTENANCE PROCEDURE SHEET Page 1 of 1

MPS No.

EQUIPMENT NAME

“Plant Area Tevel Location

average Time

S=-1 min
S=2 min
S=3 i min

MAINTENANCE DESCRIPTION

SAFETY PRECAUTIONS

Observe standard safety precautions
De-energize unit and tag "out of service"

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT

PROCEDURE

Figure Al2. Form M8, maintenance procedure sheet.
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[Date |Mechanic

Reg Hrs

OT Hrs

Date

Mechanic Reg Hrs

REPORT OF TROUBLE

INDICATION OF TROUBLE
Broken

l

| _Worn part _ Voltage

| _Heat __Current

| _Noise __Resistance
_Smell __Flow rate
| _Vibration _ Pressure

| _Leaking __Speed

| Other

part __ Dirty,fouled.

WHE
St
St
Du

During PM

Du
Du

N DISCOVERED
arting

opping

ring operation

During CM

ring MOD
ring OH

Other

CAUSE OF TROUBLE
Heat/Coldeather
Humidity/moisture
Foreign object
Shock/vibration
_Wear
__Equipment defect
__Improper installation
__Improper lubrication
__Improper operation
__Other

Remarks and Recommendations

Check if equipment was

tagged out of service

Figure Al3.
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APPENDIX B
INPUT DOCUMENTS FOR PMMS NOW IN USE

The Users Manual prepared by the Community Development Branch,
Office of Research and Statistics, County of Fairfax for The Lower
Potomac Planned Maintenance Management System consists of detailed
instructions for every input document in the system. A1l file updating,
maintenance scheduling and management reporting can be accomplished by
utilizing these document:

1. Equipmént File Maintenance (M-1 Form)(includes Maintenance

Procedure Schedu]ing Criteria) - Figure Bl

2 Maintenance Procedure File Maintenance - Figure B2

3. Parts File Maintenance - Figure B3

4 Job Fi]e.Maintenance Change Transactions - Figure B4

5. Standing Work Order File Maintenance - Figure B5

6. Personnel File Maintenance - Figure B6

7. Action Codes File Maintenance - Figure B7

8. Description Code File Maintenance - Figure B8

9. Item Code File Maintenance - Figure B9

10. Equipment Malfunction Report - Figure B10
11. Malfunction Delete - Figure Bll
12. Corrective Maintenance Work Order - Figure Bl2

13. Corrective Maintenance Initiation Request - Figure B13
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14. Manpower Available Parameter (currently not used) - Figure Bl4

15. Meter Reading Card - Figure B15

16. Preventive Maintenance Work Order - Figure B16 _

17. Initiate a PM Action Qut of Scheduling Cycle - Figure B17

18. PM and CM Request to Reprint a Work Order - Figure Bl8

19. PM Delete, CM Delete, and CM or PM Priority or Work Order
Status Change - Figure B19

In addition to the above documents, Maintenance Procedure Sheets

(Figure 20) for each piece of equipment requiring weekly and less-

than-weekly preventive maintenance are kept on file at the plant.

Each piece of equipment is given (1) a unique six (6) digit
1dent1fication number based on a functional numbering system; and (2) a two
(2) ‘digit number which indicates the type of equipment. This has been
described in the original installed system.

EQUIPMENT FILE MAINTENANCE (B1)

The Equipment File Maintenance Form or M-1 Form is completed for each
item in the plant identifying the item with its equipment identification
number from the functional numbering system and the equipment type number.

The Equipment File Maintenance (M-1 Form) contains the following
information:

Equipment I.D.

Equipment Name

Equipment Type
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Building Number

Building Level

Location in Area

Relative Location (optional)
Manufacturer/Local Representative
Part or Model Number

Serial Number

Instruction Book File Number

Date Put in Service

Electric Motor Data (if applicable)
Pump Data (if applicable)

Drive or Reducer Data (if applicable)
Daily Preventive Maintenance Time
Weekly Preventive Maintenance Time
Equipment Status

Meter Code

Maintenance Procedure Scheduling Criteria

Run Time and Downtime of Equipment
Number of PMs Missed

Total PM Actions

Lifetime CM Actions

Total CM Actions
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Card
=

Page 1 of 4

Tran EQUIPMENT ID.
Code

[ Eqio.No ]
c) B

-

EQUIPMENT NAME

e

A 01 x ¢ 3 4} % 2 £ 0 4 2 % 3 3 2 & s & a3 2 ) & 2 0 2 o 4 2 3 |

1

53
Bldg. Bid: Loca Rel. Manufacturer/Local
Equip. T P No. L vg'l hrgg L at:on ReE.
54 85 56 57 58 59 eo:z‘
C. Tran EQUIPMENT D.
Cgade Code Part or Mode! No.
01111111 LllllllllLlllllllllj
12 4 5 13 14 v 33
Serial No.
ll A L 1 1 L 1 'l 1 L Lol L i b l_l
34 50
Instruction Book File No. Date Put in
LlllllLlllllllllllLLll 1 11 1
51 74 79
Card Tran EQUIPMENT ID. ELECTRIC MOTOR DATA
Code  Code Equp, No, ] Horse Power Frame No.
]
GL11IIII i E__Ldzrlllllll_Lj
i 2 3 4 g 14 . 19 20 i 29
. . ELECTRIC MOTOR DATA CONTINUED
RPM. Volts Amps Hase T nsulation Specify
] ]
) o o 01
30 33 41 42 49 51 52
psyTDH _ UMP DATA
Pump Capacity Indicator PSI or TDH Impeler
1 4 1 1 21 l—] D I ; T | ,|_l l:]__.‘_l_.l_.l_l_l_.l_l._l
54 61 62 83 68 69 78
B.EC‘ImmeTYPE ELECTRIC MOTOR SPECFICATION  PSVTDH NDICATOR
- Series 1 - Open 1~-PSI
2- 2 - EYP, Proof 2 - TbH
3 - Synchronous 3 - Drip
4 - Induction 4- Total!y Encbsed
§ - Other 5 — Other
Date Prepared By

Figure Bl. Equipment file maintenance (M-1 Form) (includes maintenance

procedure scheduling criteria).
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Page 3 of 4

Card  Tran EQUIPMENT ID.
Code Cod Pert|AR] _ Equp. Ko, ]
) B
12 5 13
PM. . PM.
Schodide Maintenance Meter/Elapse = Last Occurance . Adi
No  ProcedreCods  Time factor  Code maaaam.ndg)ﬁg‘
0 ] G 0 2]
9 1 21 24 25 1 32
Card Tran EQUIPMENT ID.
E:Cc'd. Code  [Pant[AR] Equp. No.
08 @ o 1 11 . | i 1 A
) 5 13
ﬁ Procedue Code | T;mﬁ Code Date or Mr, Code
14 15 ;; Q 3 Q
Card Tran EQUIPMENT iD.

Code Code Pant]AR|  Equn No.

[ R 5 3

|

Date Prepared By

Figure Bl. (continued)
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Page 2 of 4

Card Tran EQUIPMENT D,
Cf] Code  [Pa]AR|] Eqip. No.
Packing . Type . Instal
LJ_|_; I LE L0 4 1 1 1 2 4 & R R 4 4 4 3 3 1 13 D D
PUMP DATA CONTINUED 1.4 ok
me
Horse Power RPM. in Ratio P e P (min)
wwwe i i wiws I vwwa swws l swuse i 0 l 0w s
89 71 7%
Emp Meter 1m PUMP NSTALLATION TYPE DRIVE/REDUCER TYPE METER CODE
2-% 1 - Horizontal 1 - Gear 1 —~ Metered Time
3 - Di om 2 ~ Vertical 2 - V-Belt ~ Elapsed Time
4 - Gear 3- i-shal'\
7 5- 4 - Other - Vandrive
8 - Other S—_Other ——
Card Tran EQUIPMENT D. .
Code code (Part JAR] Equp. No. General Information {continued on next line)
DDFL rlnlll LLlllllllllllllllIllllllln
12 34 5 13 14 39
General information Continued
I WY ST R TN N VAN N S NS U NN NN N S N S NN RN S NN U N T TR N U N S N N N D R S I Y
40 8
Card Tran EQUIPMENT ID. X . |
Code GCode Blant |AR,_ Equip, No. General Information (continued on next ine)
[ I | l_ll T OO Y N TN NS S N NN TN SN NN G NN OO N A | L1 11
12 34 5 13 14 39
Geral Information Continued -
D D MR N T | FEES S VS U N NS N WO NN N N WA NN (NN DA U YUY NS N TN SN NS U WO N NN NN WA (N A NN 1
80
Card Tran. EQUIPMENT D. . )
Code Code [Pt JAH| Equp No General information (continued on next line)
L TS N I | LJII_LILII[IILI[;LI]III 114111
12 34 5 13 39
General Information Continued
].l lllllllllllllligl;llllllt|_Lll]llllll]
40 ~80
Date Prepared By
Figure Bl. (continued)
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Page 4 of 4

i
R
g
|
R
d
g
R

3dPrev.QF.  Prev. Year
Lnb&nﬁm% AnTme (va) Rum Time Run T [:n_':'__: Run Tme
1 19 20 23 24 7 2 31 32 35 39
Qtr. 1st Prev. Q. 2nd Prev. QF.  3rd Prev. QY. Prev. Year
Lite Down Time Oays) Down Time (Days) Down Ts Down Time Down Ti Down Ti
| L1 1
40 45 ] 49 50 [ 54 5 58 81 62 85
Card Tran EQUIPMENT D,
Code Code PentJAR| Equin. No.
2111 L1 1 1.1
i 34 5 13

Figure Bl. (continued)
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THE MAINTENANCE PROCEDURE FILE FORM ~ (B2)

The Maintenance Procedure File form 1is used for the additions,
corre;tions, and deletions to the Planned Maintenance Management System
Maintenance Procedure File.

The Maintenance Procedure File form contains the following
information: |

Maintenance Procedure Code

Description

Instruction Book

File Number

Primary Skill Code

Estimated Time (Min.)

Fairfax County Inventory Number (FCIN)

Quantity

Unit of Measure
PARTS FILE MAINTENANCE FORM - (B3)

The Parts File Maintenance form is used for additions, changes, or
deletions to the Parts Master File when Preventive and Corrective
Maintenance jobs are competed.

The Parts File Maintenance form contains the fo]]ow{ng information:

Job number

Fairfax County Inventory Number (FCIN)

Parts Status
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MAINTENANCE PROCEDURE FILE

card tran maintenance
code code procedure code
D [—A—-’ A S SO S |
12 34 1
Discription
EIIIIAAJllJllJllJlJ_JLJ_LLLgIAIlLI;llllll‘l
1 primary estimated 60
instruction book file no. code -(min)
S B R e
51 73 74 78 77
PARTS NEEDED (OCCURS 5§ TIMES )
card tra maintenance unit of
code code procedure code FCIN quantity measure
E] [_[__l l;__l_(_‘__l_l_:] 1 rl 1 i 11 1 1. j [ 1 ] L. l
12 34 5 10 11 23 2425 2627
unit of
FCIN quantity measure
2 [ 1 1 i 1 1 1 1 1 i] l 1 J 1 J
28 40 4142 43 44
unit of
FCIN quantity measure
r 1
3 l A il i B B L L I_J l A } [ l
48 87 58 59 1
: unit of
FCIN quantity measure
4 rl 1 ! 1 Ll 1 Ny 1 ] L‘__]
62 74 7576 <77 78
card  tran  maintepance unit of
code code proco%re code FCIN quantity measure
L L e sl ..., ] L]
12 34 5 10 11 23 24 286 20 27
BY

DATE PREPARED

Figure B2.
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PARTS FILE MAINTENANCE CARD

PLANNED MAINTENANCE WANAGEMENT SYSTEM

TRAN
CODE OB NUMBER FeIN
l_ll [lLlll’ llllllll!llLlJ
3 e s 10 11 73
PART CONTR. ESTIMATED ACTUAL
STATUS REQ’D? ESTIMATED COST ACTUAL COST NO. NEEDED NO. NEEDED
] T r
: L N L]
| I S W | L1 1 g1 1 1 11
24 75 26 31 32 37 38 40 1 43
PART STATUS CONTR. REQ'D.
1= COMPLETED Y = YES
2w ON ORDER N= NO
UnIT OF Jo8 EQUIPMENT 1D.
MEASURE TYPE PLANT Lecas, EQUIP. NO. JoB TYPE
21 =-PM
[n ] rLJ 8111 Lt 1o az=CN
Ywrr rrary] m rrs 3= CMeNO MALFUNCTION

F43 CM=ND EQUIP, ID.

: Date Prepared By

Figure B3. Parts file maintenance.
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Contractor Requested

Actual Costs

Actual Number Needed

Unit of Measure

Job Type

Equipment Identification
JOB FILE MAINTENANCE CHANGE TRANSACTIONS FORM (B4)

The Job File Maintenance Change Transactions form is used to change
data on the Job Master File.

The Job File Maintenance Change Transactions form contains the
following information:

Job Number

Date Requested

Out-of-Service

Work Compieted Date

Requested By

Indication of Trouble

When Discovered

Cause of Problem

Effect of Problem

Corrective Work Requested

What Was Found Wrong

Work Done
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JOB FILE MAINTENANCE
CHANGE TRANSACTIONS

PLANNED MAINTENANCE MANAGEMENT SYSTEM

CARD TRAN
cope CODE JOB NUMBER DATE REQUESTED OUT-0F-SERVICE DATE VORK COMPLETED DATE
T T T T T
l 1 [ ; I ] [ . ; J r : ;
i t ) i H 1
A1 1 1 1 L i 1 " 1 —t LI S 1 1 dnd. 1 1
s 10 1t 16 17 22 23 28
REQUESTED INDICATION yugN CAUSE OF PROBLEM EFFECT OF PROBLEM
ay OF TROUBLE DISCOVERED TTEM DESCRIP 1TEM DESCHIP
l Ll l l 1 I J;l L1 1 (| | S | 1
29 a1 32 3 3e 35 6 42 43 49
CORRECTIVE WORK REQUESTED
ACTION ACTION DESCRIP 1TEM TTEM DESCRIP
I o1 1 JE| B I | N L1
$0 71
CARD TRAN YHAT WAS FOUND WRONG
CODE *_COOE 108 NUMBER ITEM TTEN GESCRIP | DESCRIP
L_l_J [:J__J l I I S B B | [ | l 1 4 1 L)
1 2 3 4 5 10 1t 24
YORK DONE CONTRACTOR
ACTION ACTION ITEM ITEM REQ*D? LIFE RUM HRS. ACTUAL PARTS COST
]
I
| S [ L1 1 [ [ S WO | T S U L )
25 40 41 42 47 54
ACTUAL TIME ACTUAL TIME ACTUAL CONTRACTOR EMPLOYEE 10.
REGULAR NRS_ OVERTIME MRS, MAN HOURS COST COST PLANT 1D.
r___.7__ r_____T_j = : I r .
TN R PRI A A TP AU O AR A ; {1
53 58 b1 6 63 [ ] 2] 73 6 30
Date Prepared By

Figure B4. Job file maintenance change transactions.
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Contractor Requested

Life Run Hours

Actual Parts Cost

Actual Time Regular Hours

Actual Time Qvertime Hours

Actual Man-Hours Cost

Contractor Cost

Employee Indentification
STANDING WORK ORDER FILE MAINTENANCE (BS)

Thé Standing Work Order File‘Maintenance form is used to provide for
the addition or change of a Standing Order.

The Standing Work Order File Maintenance form contains the following
information:

Standing Work Order Number

Description
- PERSONNEL FILE MAINTENANCE CARD (B6)

The Personnel File Maintenance Card is used to provide for the
additions, changes, and deletions to the Planned Maintenance System
Personnel File.

The Personal File Maintenance Card contains the following
information:

Social Security Number

Employee Identification

Employee Status Code
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STANDING WORK ORDER FILE MAINTENANCE

PLANNED VAINTENANCE MANAGEMENT SYSTEN

CARD TRAN « STANDIRG
cong cobR YORK ORDER NO.
l ] I | | I R T I | l
T 2 3 ¢ s 10
DESCRIPTION

!llllllLLJl(lll

| S W TR W W VO N S N AU N SO G N S SR SE N
1t

s NOTE: THE STANDING SORK ORDER NUMBER MUST S8 LESS THAN 1000.

Date Prepared By

Figure B5. Standing work order file maintenance.
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PERSONNEL FILE MAINTENANCE CARD

PLANKED MAINTENANCE MANAGEMENT SYSTEM

EMPLOYEE
CARD TRAN EMPLOYER 1D, STATUS  SKILL MONTHLY HRS.
CODE CODE SOCIAL SECURITY NO. PLANT] 1D. NO. coog CODE HOURLY RATE REGULAR TIME
| 1 I [ 1 LL [ S W S G B | J_I 1 |
12 3 4 [3 13 14 18 19 0 . 21 24 Fi3 28
MONTHLY HRS. 1= ACTIVE 1w ELECTRICIAN
OVERTINE BURDEN RATE 2 % RETIRED 2 = MECHANIC
H I 3w QUIT 3w UTILITY MAN
| 4 » TEMPORARY 4 = INSTRUNENTATION
5= TOY 5w LABOR
29 31 33 38 6= OPERATOR
Date Prepared By

Figure B6.
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ACTION CODES FILE MAINTENANCE

PLANNED MAINTENANCE MANAGEMENT SYSTEM

CODEe CODE ACTION CODE DESCRIPTION
A |

[__l_, 1 1 ¢ 4.1+t ¢+ 11 11t .10 11y oo 4ottt § 't
T2 3 4 s 8 °

CARD TRAN .

CODE CODE ACTION CODE DESCRIPTION

o] [a] [ L ]
B'Ll 1 § R | I N T (S NN (NS VY (S NN N U [ N W NN NN N T N N W SN NN {
T 2 3 4 s 0 g

CARD TRAN

CODE CODE ACTION CODE DESCRIPTION

f

A L |

l‘gll][l (I | { S I [N N T TN U U EOU VRN VU SN S U N N T Y N N N S |
12 3 4 B 8 9

CARD TRAN

CODE CODE ACTION CODE DESCRIPTION .
IAII rllllllLlllll‘LLlJlllllLL‘Lv‘I
T 2 3 4 5 3 9 . 33

Date Prepared __ 8y

Figure B7. Action codes file maintenance.
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Skill Code

Hourly Rate

Monthly Hours Regular Time

Monthly Hours Overtime

Burden Rate
ACTION CODES FILE MAINTENANCE (B7)

The Action'Codes File Maintenance form provides for the additions or
changes of records on the Action Code Master File.

The Action Codes File Maintenance form contains the following
information:

Action Code

Description
DESCRIPTION CODE FILE MAINTENANCE (B8)

The Description Code File Maintenance form provides for additions and
changes to the Descriptjon'Code Master File.

The Description Code File Maintenance form contains the following
information:

Description Code

Description
ITEM CODE FILE MAINTENANCE  (B9)

The Item Code File Maintenance form provides for additions and

changes to the Item Code Master File.
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DESCRIPTION CODES FILE MAINTENANCE

PLANNED WAINTENANCE MANAGEMENT SYSTEM

CARD TRAN DESCRIPTION

CODE COoDE CODE DESCRIPTION

l I 0 l l I

glLl_J | SN R S I U U N VSR U (N N N T N S (N N (N W S |
2 3 s 7 32

CARD TRAN DESCRIPTION
[o:]4 § CODB CODE DESCRIPTION
pa] ] [ ] L |
'll 1 | S N T (N TR N NN (NN SN SN NN U N N N DR N N S S I R O |
1 2 3 4 ] 7 ] 32
CARD TRAN DESCRIPTION
CODE CODE CcODE CESCRIPTION
|a|1| Io |
). L1 | IS UG NN U (N (N OO (N N N N SR (N [ U NN U W W N I S |
1 2 3 4 s ? [ a2

DESCRIPTION

I‘m m l’LLJ Iilllllllllllllll|~llllLLL]
12 3 5 7 [ 32

By

Date Prepared

Figure B8. Description code file maintenance.
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ITEM CODES FILE MAINTENANCE

PLANNED MAINTENANCE MANAGEMENT SYSTEM

CARD TRAN
CODE CODE ITEM CODE OESCRIPTION
g I
fll [1 P11 | I T TN S N T TR T N U TV NN SV NN SN N N N N N G SN G
1 2 3 4 s - L) 9 33
CARD TRAN
cooe coDE ITEM CODB DESCRIPTION
1 2 3 4 s s 9 33
CARD TRAN
CODE CODR ITEN CODEB DESCRIPTION
IgltJ [IL,J [ 11t I f [ DS SN S T TR WU NI SUNND SN NN VN AN (NN N WU NN SO NN NN N S S | l
2 3 4 £} 3 9 33
CARD TRAN
[3 cone ITEM CODS DESCRIPTION
I’Lll lellllll [1111IllllLllIlJIllllllllI
1 2 3 ] [} [) 33
Date Prepared By

Figure B9. Item code file maintenance.
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The . Item Code File Maintenance form contains the following
information:

Item Code

Description
EQUIPMENT MALFUNCTION REPORT (B10)

The Equipment Malfunction Report form is wused to initiate a
malfunction report by providing a malfunction number for the Malfunction
Register until it is deleted as a Corrective Maintenance Initiation
Request is processed against it.

The Equipment MalfunctionReport formcontains thefollowing information:

Equipment Name and Number

Identification Number

Building Number |

Date of Trouble

Time

Reported By

Foreman
MALFUNCTION DELETE  (B11)

The Malfunction Delete form is used to provide for the deletion of a
malfunction record off the Malfunction Master File.

The Malfunction Delete form contains the following information:

Equipment Identification Number

" Malfunction Number
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¥01

AT

SINF (1-0)

EQUIPMENT MALFUNCTION REPORT

EQUIPMENT NAME AND

NUMBER

1.D. NUMBER (5-13) BUILDING NO.

| s[1]2 027762 o+
DATE OF TROUBLE  (20-25) | TIME REPORTED BY FOREMAN  ~ .
MONTH DAY YEAR
.l L [ | .
(26-27) WHEN DISCOVERED  (28-29) CAUSE OF TROUBLE (30-31)

4INDICATION OF TROUBLE
t

91 (] BROKEN PART

62 (J WORN PART

|65 0 neaT

s ) NOISE
s J SMELL
#6 (] VIBRATION
97 O LEAKING

15 (J OTHER

% (] DIRTY, FOULED
#5 (] VOLTAGE

10 J CURRENT

11 ) RESISTANCE
12[J FLOW RATE
13() PRESSURE

14 [J SPEED

o1 (J STARTING

2 ] STOPPING

@3 (J DURING OPERATION
84 J DURING PM

9s (] DURING CM

#s (J DURING MOD

97 ) DURING oh
9 (J OTHER

o1 J HEAT/COLD/WEATHER

#2 ] HUMIDITY/MOISTURE

63 (J FOREIGN OBJECT

g4 [J SHOCK/VIBRATION

¢s J VEAR

o6 ) EQUIPMENT DEFECT

#7(] IMPROPER INSTALLATION
ﬂsE% IMPROPER LUBRICATION
9o ) IMPROPER OPERATION
10-[] OTHER

REMARKS AND RECOMMENDATIONS

CHECK T¥ EQUIPMENT WAS TAGGED
our oF servIcE [

FORM M4-1-2/75

Figure B10. Equipment malfunction report.




MALFUNCT 10N DELETE

PLANNED MAINTENANCE MANAGEMENT SYSTEM

CARD ™AW EQUIPMENT 1D.

copDE CODE [PLANT fned] EQUIP. NO. MALFUNCTION NO.

2] [wr] [oa]t | ]
L 1 1+ 3 1 | | W N B S

1 2 3 4 s 13 14 9

Date Prepared By

Figure B1l. Malfunction delete.
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CORRECTIVE MAINTENANCE WORK ORDER (B12)

The Corrective Maintenance Work Order form is used to capture data
while completing a corrective maintenance action for the updating of the
Job Master, Equipment Master, and Parts Master files. This form also
serves as an indicator to the automated system that a corrective action has
been completed.

The Corrective Maintenancé Work Order form contains the following
information:

Date Printed

Date Requested

Requested By

Equipment Name and Number

Part or Model Number

Serial Number

Instruction Book/File Number

Skill Code

Job Number

Unit of Measure

How Was It Fixed

Outside Contractor Required

Date Out of Service

Date Job Completed

Contractor Cost (if applicable)
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—ar e e e s — .- . c PR - RS

CORRECTIVE MAINTENANCE WORK ORDER

Date printed JOB NUMBER _
Date requested Priority
Requested by Malifunc. no.
EQUIP. NAME & NO. Plant area
Part or model no. B1dg. no.
Serial No. Level
INSTRUCTION BOOK/FILE NO. Loc. in area
SKILL CODE Rel. location
Electric motor data:
HP Frame no. Volts Amps

Pump packing:
GENERAL INFO:

Indication of trouble When discovered
Apparent cause
Effect
CORRECTIVE WORK REQUIRED:

Sketch required? Estimated cost Estimated time
REMARKS
Card code 01 Tran. code RA Job no: Type job Equip. ID
(1-2) (3-4) (5-10) (46-47) (48-56)
Parts used: Offce use only: Contr. Estimated Actual Estimated Actual Unit of
Reqd.? Cost Cost #Needed #Needed Measure
(11-23) (25) (26-31) OR (32-37) (38-40) OR (41-43) (44-45)
Card code 01 Tran. code CC Job no. Equip. ID
(1-2) (3-4) 5-10 (11-19)
What was found wrong? How was it fixed?

Office use oniy:
Item code Descr. code . Action code Ttem code

(20-23)(23-27) (Z8-30)(31-33) (34=377(38-4T) [42-35)(46-49)
Qutside contractor required? Yes No Date cut of service Date job completed
(50) Mo. Day Yr. Mo. Da¥ Yr.
(51-56) (57-62

Contractor cost
63-69

Requestor

1D no. i
Mechanic (70774) ) 7 Maint. Foremgn

e ——————— - et e et

Figure B12. Corrective maintenance work order.
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Mechanic

Identification Number (from employee file)

Requestor

Maintenance Foreman
CORRECTIVE MAINTENANCE INITIATION REQUEST (B13)

The Corrective Maintenance Initiation Request form 1is wused to
initiate a Corrective Maintenance Action.

The Corrective Maintenance Initiation Request form contains the
following information:

Equipment Identification

Building Number

Date Requested

Qut-of-Service Date

Requested By

Priority

Job Type

Cause of Problem

Effect of Problem

Corrective Work Requested

Estimated Time (Hours)

Estimated Cost

Malfunction Number

Remarks
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CORRECTIYE MA INTENANCE INITIATION REQUEST

PLANNED WAINTENANCE MANAGEMENT SYSTEM

caRD TRAN EQUIPMENT ID. aLog. ouT-or-sarvICR
CODE CODR C1 NUMBBR PLANT o EQUIP. NO. NO. DATE REQURSTED DATE
T T
g1 |c I' g 11 ! o
1 1 1 L 1 1 ] 1 1 i
T 2 ) 3 : v 7 - W 7 3 7 -
REQUESTED 08 CAUSE OF PoRLEM erPECT GF_PROSLEM
BY PRIORITY fres 1TEN DEsCRIP. TTEn DESCHIP.
[— l [ r ‘ JoB_tYPE
Lt 1 I 1 11 1 L1 ) pide
ER) 34 35 37 FTRT @ m g T3 3w CN-NO NALPUNCTION
#4m Cu-nO RQUIP. 1D.
sxETCH REQ-D.
CORRECTIVE SORX REQUESTED sxtren T=ris
[ACTION ACTION DESCRIP, [ITEM TN DESCRIP.]  R2Q0? =
L1 L1 L1 L4 L1t '
) 7$ 76
cARD TRAN sTINATED

CODE

cooe C1 NUMBER TIME (HRS. BSTIMATED COST WALFUNCTION NO.
Y
c r—_j h i [_
L 1 1 L1 I | { 1 I 11 1 | l
3 e s 1 9 11 12 17 18 23
REMARKS (CONT. ON RRXT LINE
Lt 1 1 1 | W N S N WU N N . | | S T W R | SN WO SO SR VR W M S N |
24 (1)

REMARKS CONT,

| W TR SN S S S N S |

Date Pr_epared

Figure B13. Corrective maintenance initiation request.
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MANPOWER AVAILABLE PARAMETER (B14)

The Manpower Available Parameter form provides for the entering of
available manpower into the weekly Preventive Maintenance Scheduling Cycle
thereby determining which preventive maintenance action will be released
to the schedule for the upcoming week.

The Manpower Available Parameter form contains the following
information:

Available Man-Hours (pm skill)

METER READING CARD (B15)

The Meter Reading Card is used for placing a meter into service for a
piece of equipment, which has never been metered; for recording the first
reading when replacing a meter; for placing a repaired meter back into
service and for reporting the current meter reading on an existing meter.

The Meter Reading Card contains the following information:

Eqﬁipment Identification

Current Meter Reading

New Meter Reading (in case or repair)

Accept Code
PREVENTIVE MAINTENANCE WORK ORDER  (B16)

The Preventive Maintenance Work Order form is used to capture data
while completing a preventive maintenance action for the updating of the

Job Master, Equipment Master, and Parts Master file.
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MANPOWER AVAILABLE PARAMETER

PLANNED MAINTENANCE MANAGEMENT 3SYSTEM

CARD TRAN AVAILAELR AVAILASLE AVAILASLE AVAILA.!-': AVAILASLE
HOU

[+]19 coDe WAN HOURS MAN HOURS MAN HOURS MAN MAN HOURS
<o [ e N s B e R
1 2 3 4 . 7 8 10 11 13 . 14 16 17 19

* INDICATES THR PRINARY SKILL COOS

Date Prepared By

Figure B14. Manpower available parameter (currently not used).
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METER READTNG CARD

PLANNED MAINTENANCE MANAGEMENT SYSTEM

EQUIPMENT ID.

CARD TRAN CURRENT NEW METER READING AccepT
CODE CODE PLANT jaresd EQUIP. NO. METER READING IN CASE OF REPAIR) CODE*
l__l_] L 1 1 3§ 1 1 | I S T | | S S |
3 4 s 13 14 19 20 28 26

e A"1" SHOULD BE FILLED IN HERE IF THE CURRENT METER READING 1S TO BE ACCEPTED AS IS. NO CHECK WILL BE MADE ON
THE MUMBER OF ELAPSED HOURS.

Date Prepared By

Figure B15. Meter reading card.
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PREVENTIVE MAINTENANCE WORK ORDER JOB. NO.

' . . Date printed
EQUIPMENT ID ) Building no.

Equipment name Building level
Part or model no. Location in area
Serial no. ' Rel. location

ELECTRIC MOTOR DATA:

HP Amps Volts Frame no. RPM-
PUMP DATA:

Type ) Installation
DRIVER OR REDUCER DATA:

Type

MAINTENANCE PROCEDURE CODE
DESCRIPTION

'Instruction book/file no.
PRIMARY SKILL CODE
Estimated time

Card code 01 Tran. code RC Job no.

(1-2) (3-4) 5-10
Parts requtred/used: Estimated Quantity Unit of
FCIN Quantit Used Measure -
(11-23) Description (38-40) - 41-43 (44-45)
(]
(]
(]
{1
]
Card Code 01 Tran. Code PC Job -no. Equip. ID Maint. Proc. code
(1-2) (3-4) (5-10) (11-19) (20-25)
Leg 1: Volts Amps Leg 2: Volts Amps Leg 3: Volts Amps
(26-29) (30-33% (38-37) (38-47) {42-35) (36-49)
Megohms Time, in minutes, to complete job i
(50-52) (Only if different than est time (53-55)

Job completed by:
Employee ID no:

56-60) Signature Maint. Foreman

e

" Figure B16. Preventive maintenance work order. -
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The Preventive Maintenance Work Order form contains the following
information:

Job Number

Date Printed

Building Number

Building Level

Location in Area

Relocation

Equipment Identification

Equipmeﬁt Name

Part or Model Number

Serial Number

Electric Motor Data (if applicable)

Pump Data (if applicable)

Drive or Reducer Data (if applicable)

Maintenance Procedure Code

Describtion

Instruction Book/File Number

Primary Skill Code

Estimated Time

Parts Required/Used

Time in minutes to complete the job (Only if different than estimated time)

Employee Identification Number
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Signature

Maintenance Foreman
INITIATE A PM ACTION OUT OF SCHEDULING CYCLE (B17)

The Initiate a P.M. Action Out of Scheduling Cycle form is used to
provide for the initiation of preventive maintenance actions out of the
normal scheduling cylce.

The Intiate a P.M, Action Out of Scheduling Cycle form contains the .
following information:

Equipment Identification

Maintenance Procedure Code
PM AND CM REQUEST A WORK ORDER (B18)

The PM and CM Request a Work Order form is used to provide for the
reprinting of a Corrective or Preventive Maintenance Work Order.

The PM and CM Request to Reprint a Work Order form contains the
following information:

Job Number

Equipment Identification

Job Type Code
PM DELETE, CM DELETE, AND CM OR PM PRIORITY OR WORK ORDER STATUS CHANGE
(B19)

The PM Delete, CM Delete, and CM or PR Priority or Work Order Status
Change form is used to provide for the deletion of a Preventive Maintenance

Work Order or a Corrective Maintenance Work Order and to change the Work
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Order status or priority of a Corrective of Preventive Maintenance Work

Order.

The PM Delete, CM Delete, and CM or PM Priority or Work Order Status
Change form contains the following information:

Job Number |

Equipment Identification

Maintenance Procedure Code

Priority

Work Order Status
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INITVATE A PM ACTION OUT OF THE SCHEDULING CYCLE

PLANNED MAINTENANCE WMANAGEMENTY SYSTEM

EQIPIIN'I‘ 1D, MAINTENANCE
2353 Tobe PLANT [p#ca] EQUIP. NO. PROCEDURE CODE
I P ls l {Ll 1 L t 1.1 1 1 1 1 1
1 2 3 4 5 13 14 19
e e e ie__ Date Prepared By

Figure B17. Initiate a PM action out of scheduling cycle.
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PREVENTIVE AND CORRECTIVE MAINTENANCE
REQUEST TO REPRINT A WORK ORDER

PLANNED MAINTENANCE WANAGEMENT SYSTEM

carD TRAN EQUIPMENT ID.

jos 08 _TYPE
cong coos Jos NuMBER PLART[ o EQUIP. WD, TYPE CODE 108 TYes
01PN
l l I 02mcCy
’|‘ [Rnp L 1 ¢ 1 1 Lj 011 1 1 1 {1 D 033 CMeNO MALFUNCTION
1 2 3 e s 10 1 19 70 321 04w CH=NO EQUIP. ID.
— |

Date Prepared By

Figure B18. PM and CM request to reprint a work order.
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PREVENTIVE MAINTEMANCE DELETE

PLANNED WMAINTENANCE MANAGEMENT SYSTEM

CARD TRAN EQUIPMENT 1D. )

COoDe COo0R JOB NUNMBER PLANT Aty EQUIP. NO. ::;::gc::czon!
le1| {eol [ | e

1 1 D B N N | 1 I S I W | S B T |
T 2 3 e s 10 11 9 70 NEY}

CORRECT IVE MAINTEHANCE DELETE

coog cone JOB NUMBER
EAY I ) O A
1 2 3 4 s 10
CM OR PM PRIORITY OR WORK ORDER STATUS CHANGE
. WORK CRDER STATUS
§ wNOT WRITTEN
2 ®T0 BE WRITTEN/NOT SCHED,
3= TO BE WRITTEN/SCHED,
4 = FRITTEN/BUT NOT SCHED.
s ® YRITTEN/SCHEDULED
6 = HOLD
CARD TRAN YORX 7 = NEVER COMPLETED
cooe cone J08 NUMBER PRIORITY ORDER STATUS 8= COMPLETED/NOT REPORTED
OM VYEERLY
[ﬂ 1] [ J l [ | 9 m COMPLETED/NOT REPORTED
1 1 f S I | ON MONTHLY
T 2 3 4 s 10 76 27 78 72 COMPLETED
Date Prepared By

Figure B19. PM delete, CM delete, and CM and PM priority or work order
status change.
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MAINTENANCE PROCEDURE SHEET Page 1 of 1 |MPS No.

. . ) Average Time
EQUIPMENT NAME So1 i

." Plant Area Tevel Tocation S=2______ min

. ] 5-3 min

MAINTENANCE DESCRIPTION

SAFETY PRECAUTIONS

Observe standard safety precautions
De=energize unit and tag "out of service"

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT

PROCEDURE

Figure B20. Maintenance procedure sheet.
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Mechanic

Date

Mechanic Reg Hrs | OT Hrs

REPORT OF TROUBLE

INDICATION OF TROUBLE

|__Broken part __Dirty,fouled
|_Worn part __Voltage

| __Heat _Current
_Noise __Resistance
| _Smell __Flow rate

| _Vibration __Pressure
|__Leaking __Speed
|_Other

WHEN DISCOVERED
__Starting
__Stopping
During operation
During PM
During CM
During MOD
During OH
Other

e

CAUSE OF TROUBLE
__Heat/Coldeather
__Humidity/moisture
__Foreign object
__Shock/vibration
_ _Wear
__Equipment defect
__Improper installation
__Improper lubrication
__Improper operation
_Other

Remarks and Recommendations

Check if equipment was

tagged out of service

-_Eig‘urjg 821 Mainte_nqug”promce_dure_s.h_e.et (rjeverse).
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