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1. Purpose. This regulation establishes general policies for
prepari ng docunentation and providing other support related to
t he operation and nmai ntenance of facilities designed and
constructed by the US Arny Corps of Engi neers.

2. Applicability. This regulation applies to HQUSACE COCE

el enents, maj or subordi nate commands, districts, |aboratories,
and separate field operating activities having any type of
mlitary design and construction responsibilities and/or support
for others' design and construction responsibilities.

3. References.
AR 25-30
AR 37-100
c. AR 210-50
d. AR 415-15

IS

e. AR 420-10
f. ER 415-345-38
g. AFR 89-1

4. Ceneral. Technical docunentation and training support shal

be provided on each new facility designed and constructed by the
Corps of Engineers for its custonmers. The provision of this
docunentation and training support for major rehabilitation,
alteration, and renovation projects shall be considered and
establ i shed on a case-by-case basis. The efficient operation and
effective performance of maintenance on conplex facilities

This regul ati on supersedes ER 310-3-11, 15 February 1985
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systens and subsystens require adequately prepared operation and
mai nt enance (O&\M) docunentation together wth the proper training
of operations and mai nt enance personnel. This requires
Corps/ User interface throughout the design, construction, post-
construction/transition stages of all conplex stand al one
facilities (e.g., waste treatnent, water treatnent, industrial
Erocess, maj or nedical facilities, armanent production, |arge
eating/cooling plants, flight sinulators and | aboratories).
Conpl ex systens within major facilities (e.g., Heating
Ventilation and Air Conditioning (HV/AC), el evator, Energy
Managenent Control Systens (EMCS), security systens,
uni nterrupted power systens (UPS) and fire protection systens)
shoul d al so be i ncl uded.

5. Cui dance.

a. The need for this O%M docunentation should be identified on
the DD Form 1391, MIlitary Construction Project Data, during
proj ect devel opnent and early coordination with the Users for
M LCON and in the Menorandum of Understanding (MOU) for work for
others. On turn-key projects the contract nust provide for
conpl ete O&M docunentation by the design/construct contractor

b. For conplex facilities as described in paragraph 4, Mjor
Subor di nat e Conmands and Districts should require the Architect-
Engi neer (A-E) to prepare basic O&M docunentati on such as the
desi gn master equipnent list (DMEL), the technical concept
narrative (TCN) for the systens O%and; M manual and training
requi renents (within the guidelines given in AR 25-30).
Appropriate identification of this responsibility nust be stated
in the A-E contract. Sanple A-E contract clauses are set forth
in Appendix A. Costs of preparation will be apportioned between
desi gn and construction funds. Costs during the design process
are to be funded fromthe AVSCODE 3200 account "Design (Mjor
Construction)" for the Arny and P313 funds for the A r Force.
Costs for A-E activities after award of a construction contract
are to be charged agai nst P6100 account, "Major Construction
(Public Wrks)"™ in accordance with AR 37-100 for the Arny and P-
321 (CONUS), P-331 (OCONUS), P-341 (Unspecified Mnor) in
accordance wwth AFR 89-1 for the Air Force. |If the design is
done by in-house personnel then the Division or District is
responsi bl e for preparing that portion of the the O&M
docunentation required by the designer. (A r Force requirenments
for O&M manual s are described in Engi neering Technical Letter
(ETL) 89-2: Standard Guidelines for Subm ssion of Facility
Qperating and Mai ntenance Manuals. This is attached as Appendi x
B

)
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c. Finalizing basic O&M docunentation and trai ning of
Governnment or contractor O&M personnel nust be the responsibility
of the construction contractor. Wen such a determnation is
made and specified in the construction contract, training of user
or contractor operating personnel and finalization of Q&M
docunentation wll be funded using project funds.

d. The responsibility for operation and nai ntenance of
facilities equi pnent and systens during the warranty period can
remain with the construction contractor if such services are
procured as an option to the construction contract and
appropriate O&M funds are used. MCA and MCAF project funds
cannot be used for operation and mai ntenance of facilities. |If
the determnation is made to include an option to require the
construction contractor to performthe facility O%M during the
warranty period, then identification of this requirenent nust be
stated In the A&and; E contract for initial design services, so
t hat appropriate docunentati on may be prepared.

6. O&M Docunentation. Preparation of the O&M docunentation is a
t wo- step operation shared by the A-E and the construction
contractor. The A-E initiates docunentation during the design
phase and the construction contractor updates and conpl etes the
Q&M docunent ati on, includi ng equi pnent manufacturers data, and
conducts training during the construction and transition phases.
Doangntation requi red based on "conplex"” or routine facilities
i ncl udes:

Routi ne Conpl ex

Techni cal Concept Narrative X
System Qperati ons and Mai nt enance Manual X
Mast er Equi pment Li st X
Training Plan with

Trai ni ng Concept/ Speci fications X
Equi prent O8M and Repair Mnual s X

a. Technical Concept Narrative (TCN). The A-E shall develop a
TCN intended primarily for use by the construction contractor
responsi bl e for devel opnent of the facility systens O%M manual s.
The TCN descri bes the use, operation and interrelationship of the
facilities various operational systens and subsystens. A
description of the theory of operations of
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the facility system and equi pnent will be provided to the extent
necessary for journeyman understanding. Systemelectrical-
mechani cal requirenments and their application will be covered by
these manuals and will include design factors and assunpti ons

used in designing the system As an exanple, the follow ng type
of information should be included for HVAC systens: the U factors
of walls, roofs, and floors that separate conditioned from
uncondi ti oned spaces; the outdoor tenperature and solar and w nd
condi ti ons assuned; assunptions made with regard to the nunber of
peopl e to occupy various areas and any equi pnent or exhaust fans
expected to be installed; anticipated lighting |levels; and indoor
environmental conditions to be maintained. In nost cases an
adequately prepared final design analysis wll neet the

requi renents for the TCN.

b. Systenms O&M Manual s. The construction contractor (when
specified) is to devel op systens O&M nmanual s for use by the
Governnment or contract personnel in operating and maintaining the
facility. The systens O&M manual w || be an extension of the
TCN. It will describe in detail the equipnent provided in the
construction contract. Anytinme the construction contractor
provi des a systemor portion of a systemthat differs fromthe
original design, he wll be responsible for revising all portions
of the draft OM manual, including those originally prepared by
the A-E. The manual s shall contain as a m ninum an index of the
contents of the manual, the functioning of the system operating
i nstructions, maintenance instructions, trouble shooting and
repair instructions, spare parts list, special tools and test
equi pnent |ist, safety precautions and warranty information.
Appendi x A gives a nore detail ed description of the information
required.

c. Master Equipnent List (MEL). The construction contractor
w Il update and conplete the DVEL by addi ng the nane of the
manuf acturer, nodel nunber, capacity, and other equi pnent data
for each itemidentified on the DMEL.

d. Training. The A-E will provide a proposed training concept
and schedul e and devel op contract specifications for those itens
of equi pnment and systens for which the contractor is to provide
formal training. Requirenents for training should be broken down
as to the nunber of hours of operator training and the nunber of
hours of maintenance training for both classroominstruction and
hands-on equi pnent instruction. The A-E shall also identify the
nunber and types of special skills that will be required. |If
requested by the user during project devel opnent, video taping
and the training can be included in the construction contract.

Ef fective training requires close coordination with the DEH or
BCE during both the design and construction phases of the
proj ect .
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e. Equi pnent O&M and Repair Manuals. Continuing attention is
needed on specifying appropriate requirenents for O&M data in the
construction contracts for Projects ot her than those outlined in
paragraph 4. Existing regulations require the construction
contractor to provide operating instructions describing the
starting and stoppi ng procedures which include the sequence of
both el ectrical and nechani cal device activation, maintenance
i nstructions and schedul es, repair instructions, spare parts
data, schematic drawings of the electrical and nechanical systens
to include circuit and piping diagrans and training of operators,
et c.

7. BCO Reviews. All contract packages shoul d be thoroughlr
reviewed during the Biddability, Constructability, Operability
(ggin reéiGMItO assure Q&M requirenents are appropriately

addr essed.

- Ul

ROBERT L. HERNDON
Col onel, Corps of Engineers
Chi ef of Staff

2 Appendi ces

App A - Sanple Architect-
Engi neer (A-E) Statenent of
Wor k

App B - Standard Gui delines for
Subm ssion of Facility Operating
and Mai nt enance Manual s
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APPENDI X A
SAMPLE ARCHI TECT- ENG NEER (A-E) STATEMENT OF WORK

1. General. Developnent of operation and mai ntenance (O&\
docunentation and training requirenents for facilities is a two-
step operation shared by the A-E and the construction contractor.
Since the construction contractor's effort is conpetitively bid,
the A-E nust specify in detail what the construction contractor
must supply. Several different types of docunentation are to be
prepared by the A-E. These include:

a. Technical concept narrative (TCN) portion of Systens OM
Manual s (SOW) .

b. Design master equipnent |ist (DVEL).
c. Construction Specifications for O%M Docunent ati on.
d. Training requirenents.

2. TCN. The A-E shall develop a TCN (basically, a design O&M
manual ) for each functional systemrequiring O&M

a. The TCN is conprised of Chapters 1, 2, and 3 of the SOW as
outlined in paragraph 2.3.2. For those chapters and appendi ces
to be conpleted during the constructi on phase, the A-E shal
describe 1n detail what the construction contractor nust provide
to achi eve conprehensive Systens O%M Manuals (SOMM). The SOMW i s
intended to provide all the information necessary for the
installation engineer to operate and maintain the system
as well as provide overall system checks.

b. The A-E shall describe the intended use and operation of
each functional systemincluding its interrelationship with other
functional systens and subsystens. A discussion of the theory of
OEeration of the facility system and maj or pieces of equi pnent
shal |l be provided, witten at the | evel necessary for journeynman
understanding. Al systemrequirenents and their application
shal | be covered.

c. In addition to preparing the TCM the A-E shall furnish the
| abel ed binders and tab dividers |abeled to be used by the
construction contractor when conpleting the SOM The A-E shal
al so prepare introductions for Chapters 4-7 of the SOW
summari zi ng what the construction contractor is to provide per
t he specifications devel oped by the A-E in accordance with
par agraph 3.0.

(1) The SOWs shall be organi zed by systens. For conpl ex
systens, the respective SOW shall be broken down into vol unes

A-1
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contai ning one or nore subsystem Additionally, the SOW shal

be structured (into volunesy so as to facilitate use by different
installation O&%M organi zations. |If there is nore than one
Q8%and; M organi zation i nvol ved the Contracting Oficer wll
provide the A-E a list identifying the various O&M organi zati ons
and the systens/subsystens for which respective O&M
responsibilities require special packagi ng of the SOW

(2) The SOW arrangenent shall be as follows:

Front Matter.

Chapter 1--Ceneral Information

Chapter 2--System Description.

Chapter 3--Theory of QOperation.

Chapter 4--QOperations.

Chapter 5--Preventive Mii ntenance (PM.

Chapter 6--Trouble Analysis (TA).

Chapter 7--Corrective Mii ntenance and Checkout Procedures.
Appendi x A--Special Tools and Test Equi pnent List.
Appendi x B--Repair Parts List.

Appendi x C--Vendor Data/ Acceptance Tests.

Appendi x D--Warranty Data | nformation.

(a) Front Matter. The cover, title page, |ist of effective
pages, foreword, table of contents, list of illustrations, |ist
of tables, and list of abbreviations and acronyns shoul d be
prepared in accordance with the requirenents of ML-M38784B, or
as otherw se specified in the provisions of the contract.

(b) Chapter 1--General Information. This chapter shal
present general information, including, in tabular format, a
master index identifying all subject matter covered w thin each
vol une.

(c) Chapter 2--System Description. This chapter shal
describe the systemconstruction drawings that are essential to
support the TCN and shall be referenced. For systens consisting

of nore than one unit or itemof equipnment, or where conplexity
nmust be explained, an illustration or flow diagramw /|| be

A-2
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included. |If one systeminterfaces with another system or
subsystem this chapter shall define how they interface. Safety
and security topics shall be covered and referenced to the
operating procedures, as applicable. A table of capabilities and
Itmtations shall be prePared for the systens. The table wll

i ncl ude data such as gallons per mnute, transfers per hour, boom
capacity, rated ranges, resolution, accuracy, data-handling
capability, etc. Such data shall be presented in tabular form
An additional table shall be provided to clearly illustrate the
capabilities required of a given systemor item of equipnment that
differ because of its configuration within the system The word
"differ," as used above, is neant to include those capabilities
ot her than normal or usual. The fact that the input, output,

f eedback, or control levels required are within the design
specifications of the systemor itemof equipnent is not a
sufficient reason for omtting the systemor item of equi pnent
fromthe table. Mjor equi pnent conponents will be identified
and | ocated by describing each conponent that is significant to
&M logistics, and safety. A tabular list of |eading
particulars will be included as necessary to support the
description of major conponents.

(d) Chapter 3--Theory of Operation. This chapter shal
contain a discussion of the theory of operation and a listing of
all the functions of the system and shall show how t he vari ous
facility subsystens functions are tied together to acconplish the
overall system function. The description shall include an
overall analysis of the principles of operation of the system
equi pnent and its functions, such as control interlocks, where
such principles would not be obvious to journeyman technicians.
Particular attention shall be paid to the interface between
facility systens and other systens. The descriptions shall be
sufficiently detailed to provide system personnel with the
under st andi ng necessary to adequately performthe system
activities and to correctly interpret the results of these
activities.

3. Construction Contract Specifications for Contractor Furnished
O&M Docunentation. The A-E shall prepare the contract
specifications for the O%M docunentation which is to be added to
the TCNs by the construction contractor in accordance with the
outline showmn in 2.c.(2). The follow ng subparagraphs descri be
the end products desired fromthe construction contractor

a. Chapter 4--Operations. This chapter is to include
equi pnrent and/or system | ayouts showi ng all piping, wring,
breakers, valves, danpers, controls, etc., conplete with
functional diagrans, schematics, isonetrics, and data to explain
the detail ed operation and control of each individual piece of
equi pnent and/ or system including system conponents. Layouts
shoul d show the |location within the facility of controls, valves

A-3
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sw tches, danpers, etc., by reference to site |ocations, w ng
desi gnation, floor, room nunber, or other clear and concise
directions for locating the item Operator data nay be identical
to posted data and franmed instructions, but shall be included as
part of the O&M manuals. The instructions shall include:

(1) Initial adjustnents and control settings.

(2) Precautions and prechecks to be executed prior to start-up
or shutdown of equi pnent and/or system including safety devi ces,
nmoni toring devices, and control sequence.

(3) Step-by-step sequential procedures for start-up, shutdown
and normal operation checks for satisfactory operation. Safety
precautions and instructions that should be followed during these
procedures shall be incorporated into the operating instructions
and flagged for the attention of the operator. Procedures shal
i nclude test, normal, and autonatic nodes.

(4) Procedures for normal and energency shutdown of equi pnent
and/ or systens. The instructions shall include any procedures
necessary for placing the equi pnment and/or system on standby or
preparing the equi pnent and/or systemfor start-up at a later
tige. Procedures shall include test, normal, and automatic
nodes.

(5) Procedures for isolating individual equipnent fromthe
system and bringi ng individual equipnment on-line once the system
IS operating.

(6) Operational |ogs and records requirenents.
b. Chapter 5--Preventive Mi ntenance (PM.

(1) Recommended procedures shall indicate PM(e.g.,
| ubrication, checks, adjustnents, etc.) and good-housekeepi ng
practices which should be perfornmed by operating personnel, as
wel | as nore conpl ex mai ntenance tine-franes or operating hours
for specific maintenance to be acconplished. Safety precautions
and instructions that should be foll owed during these procedures
shall be incorporated into the mai ntenance procedures and fl agged
for the attention of personnel. The procedures shall include
necessary operating instructions for taking equipnment off-line,
putting equi pnment on-line, or putting equipnment on standby. The
Instructions shall address all material, equipnent, and system
data needed to perform mai ntenance work and shall include, but
not be limted to, manufacturers' bulletins, catal ogs, and
descriptive data; certified performance
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curves; copies of approved test plans, including | ogs and records
of performance acceptance and i nspection; system | ayouts,

i ncludi ng block, wiring, control, and isonetric diagrans,;
schematic itens within the facility; and interrelationships with
other itens of the system

(2) Schedules indicating tinme-franes or operating hours for
initiating operator maintenance and adjustnents and incl uding
manuf acturer's recomended nmj or nai ntenance requirenmnents shal
be provided. Energency adjustnents shall be included and fl agged
for the operator's attention. The instructions shall also
i ncl ude procedures for energency repairs that could be perforned
by operating personnel.

c. Chapter 6--Trouble Analysis (TA). TA procedures for
| ocating and correcting the trouble shall be presented in a step-
by-step format. Repair procedures shall be keyed to a
t roubl eshooting guide outlined in three colums wth the
fol |l ow ng headi ng:

Col utm 1--Troubl e.
Col umm 2- - Probabl e Cause(s).
Col um 3--Correction.

The procedures shall clearly indicate a nmajor repair activity,
whi ch should be perfornmed only in a shop or factory, as opposed
to normal repair work, which nmay be perfornmed on site or with
equi pnent on-line. The procedures shall also clearly indicate
the limt of repair work that may be perforned by Governnment
personnel during the warranty period w thout voiding warranty
provi sions. Safety precautions and instructions that should be
foll owed during these procedures shall be incorporated into the
repair procedures and flagged for the attention of personnel.

d. Chapter 7--Corrective M ntenance and Checkout Procedures.
Procedures for troubl eshooting and isolation, replacenent,
checkout, and integration of equipnent wthin the system shall be
provi ded.

(1) Troubl eshooting. Procedures for troubl eshooting of
mal functions that m ght occur during operation of the system
shal | be provided. Troubl eshooting data, and fault isolation
techni ques, shall state the follow ng: (a) The indication or
synptom of trouble; (b) the instructions, including test hookups,
necessary to determ ne the cause; and (c) procedures, for
restoring the systemto operating condition. Troubl eshooting
shal |l be docunented to the extent necessary to |locate the faulty
pi ece of equipnent wthin the system

A-5
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I nfformation may be in chart form in logic tree form or in
tabul ar format with appropriate headi ngs.

(2) Isolation, Replacenent, Checkout, and Integration.
Procedures for isolation, replacenent, checkout, and integration
of the equipnment within the systemshall be provided. Test,
adjrsangnt, and checkout data, after replacenent, shall be
i ncl uded.

e. Appendi x A--Special Tools and Test Equipnent List. A list
of all special tools and test, diagnostic nmeasurenent, and
equi pnent for system|level nmaintenance shall be in this appendi x.
For the purpose of this specification, the phrase "special tools
and test, neasurenent, and diagnostic equipnent” is used to
identify all nonstandard tools and equi pnent desi gned and
devel oped by the manufacturer and others to perform
mai nt enance, test/calibration, diagnostic/prognostic analysis,
and other related support of the equipnent and required for
installation, acceptance testing, and successful O&M Frequency
and nethod of calibration shall be indicated for all special
tool s, equipnment, and test equipnent itens that require
calibration. Necessary standards shall be listed i mediately
after each itemthat requires calibration.

f. Appendi x B--Spare Parts List. A conplete list of spare

parts and supplies shall be provided. The list shall include al
parts and conponents of individual pieces of equipnent and al
parts and conponents of each system and shall identify such itens

as nonencl ature of part, nodel nunber, circuit or conponent
identification, etc. Parts and supplies lists shall be

i ncluded within each vol une of maintenance instructions.

Further, a master |ist of spare parts and supplies recomrended
fromeach manufacturer for one year of operation, including
source of supply, shall be sub-listed with each instruction. The
contractor shall also |ist the sources of supply for all parts
and supplies, including name of supplier/mnufacturer, address,
and tel ephone nunber. |If the parts and supplies are not normally
stocked locally, necessary procurenent lead tine shall also be a
part of the |isting.

g. Appendi x C--Vendor Data. A conplete set of data, provided
by the equi pnent manufacturer, required for operation,
mai nt enance, and checkout shall be included and referenced to the
appropriate specifications nunber. The data may consist of
manuf acturer's brochures, OM nanual s, catal ogs, draw ngs,
service bulletins, and illustrated parts |lists necessary to
support the O&M of the end item of equi pnent and assenbli es.

h. Appendix D--Warranty Information. |In addition to the
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general warranty required by the contract, the O&M manual s shal

I nclude any specific warranties required by other sections of the
Techni cal Specifications and other warranties normally provided
with the particular piece of equipnment or system \Warranties
that are normally provided by manufacturers and which are beyond
the warranty for construction shall be specifically noted.

4. Design Master Equi pnment List (DMEL).

a. The A-E shall develop a DVEL of facility equipnent that is
significant to operations, maintenance, and provisioning. The

DVEL will identify each major system subsystem and equi pnment
itemin generation breakdown order to the purchase end item
|l evel. The DVEL shall contain as a minimumthe foll ow ng

i nformati on:
(1) I'tem nonencl ature.
(2) Functional characteristics.
(3) Itemidentifier (tag nunber).
(4) Specification nunber.

(5) Design/construction drawi ng nunber. (File nunber when
avai l abl e).

b. The DMEL is to be provided to the construction contractor,
who, by addi ng the manufacturer's nane, manufacturers part
nunber, and manufacturers nodel/serial nunber, wll create the
"as-built" master equipnent |ist (MEL). The A-E shall prepare
construction contract specifications to have the contractor
submt the conpleted MEL to the Contracting Oficer.

5. Training Requirenents. The A-E shall develop an O&M trai ning
devel op concept. This concept shall be presented in two fornmats:
(a) report for use by the Governnent in planning for O&M
personnel training and (b) contract specifications describing
what the construction contractor nust furnish/performto
adequately train Governnent and/or O&%M contractor personnel.

a. Training Concept Report.

(1) Al systenms and subsystens requiring training of qualified
personnel to properly operate and maintain those systens shall be
Identified. A task and skills analysis shall be docunented to
identify special skill required to operate and/or maintain
critical, conplex, or specialized systens.
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After the skill requirements are identified, the actual training
prograns shall be defi ned.

(2) The training concept report shall identify the types
(trade skills) of personnel to be trained on which systens. The
A-E shall recommend instructional nmethods, materials and speci al
trai ning devices recomended to support the program of
instruction, including appropriate video taping of both factory
and/or on site training. Additionally, the training concept
shall identify the m ni mum nunber of I nstructor man-hours of
instruction for each system and item of equi pnent requiring
specific training, and shall specify the appropriate proportion
of the instruction tinme that shall be used for on-site
(classroom instruction, and for on site instruction during
whi ch reference shall be nmade directly to the observed equi pnent
or system

(3) The AAE will recommend functional areas of the operating
system and/ or equi pnent where a technical representative shoul d
be furnished by the manufacturer for training.

(4) The A-E shall prepare a cost estimate for the training
services and materials to be provided by the construction
contractor as recommended in the training concept report. The
estimate shall take into account that information which is
usual Iy furnished by the manufacturer/supplier as part
of the system equi pnent purchase price.

b. Training Specifications. Based on the training concept
approved by the Governnent, the A-E shall prepare training
specifications detailing the m ni num nunber of hours and types of
instruction to be provided by the equi pnent manufacturer and/ or
construction contractor for each system subsystem and piece of
equi pnent warranting training. A suggested format for the
specifications is shown bel ow.

G&M TRAI NI NG REQUI REMENTS

RELATED
SYSTEM EQUI PMENT | NSTRUCTI ONAL  HOURS SECTI ON_NO,

[ NOTE: The A-E Shall Enter Systeni Equi pnent,
| nstructional Hours, Both O assroom
and Hands-on, and Rel ated Techni cal
Section No.|
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c. Ceneral Requirenents.

(1) The construction contractor nmust submt a proposed
training schedule at |east 60 days prior to the start of the
earliest training session. The training schedule shall include
the foll ow ng:

- An outline of all specified training, both classroom and
hands-on, describing the presentation of the training.

- A day-to-day schedul e showi ng | ocation of training, tine
intervals, and the major and subordi nate subjects to be covered
i n each session.

- ldentification and qualifications of proposed instructors.

- Alist of reference materials to be provided by the
contractor to the trainees and a list of training materials such
as G&M instructions, other witten and vi sual aids, nock-ups,
tools, etc.

(2) Review of Proposed Training Plan. The Contracting O ficer
wll review the contractor's proposed training schedule, and the
Contracting O ficer's approval of the schedule shall be obtained
by the Contractor prior to the start of any training. The
training schedule tor all required formal training shall be
submtted to the Contracting Oficer in draft form four
(4) copies in one submttal. The Contracting Oficer wll
require thirty (30) days for review and approval of the schedul e
or for disapproval and return to the Contractor for resubm ssion.
Upon approval of the schedule, the Contractor shall submt the
final schedule, in six (6) copies, incorporating all coments or
revisions noted fromthe Contracting O ficer's review of the
proposed schedul e.

(3) Formal Training: The Contractor shall provide qualified
conpetent personnel for formal training of Governnent and/or O%M
Contractor enployees. Cassroomtraining shall be held on-site at
the Governnent installation. Training shall be conducted between
the hours of 7:30 a.m and 4:00 p.m on non-holiday Mndays
t hrough Fridays, unless a different schedule is approved In
witing by the Contracting Oficer.

(4) Audi o-Video Recordings and Audi o-Video Tape Player. The
contractor shall provide all equipnent, material, and trained
personnel to visually and audibly record all field instruction
training sessions. The proposed recording systemshall be of one
manuf acturer and of studio quality and shall be
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approved by the Contracting Oficer prior to its use. Upon
conpletion of instructions, the audio-video tape player and
recordi ngs shall becone the property of the Governnent. The
recordi ngs shall be identified, indexed, and placed in approved
st orage contai ners.

d. Training Service Cost Estimate. The A-E shall prepare a
cost estimate for the training services and materials specified
taking into account that which is usually furnished by the
manuf acturer/supplier as part of the systeniequi pment purchase

price.
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APPENDI X B

STANDARD GUI DELI NES
FOR SUBM SSI ON OF
FACI LI TY OPERATI ONS AND MAI NTENANCE MANUALS
(ETL 89-2)

1. Policy: The requirenent for devel opnent and preparation of
systens operating manuals is contained in AFR 89-1, Project Book
Construction Technical Letter (CTL), and various standard gui de
specifications. This guideline has been prepared to further
define and clarify the technical details and data required to be
subm tted by the designer and contractor.

a. Qperating and mai ntenance (O&) manual s are required for
new Air Force facilities and systens. As facilities for new
weapons or support systens increase in conplexity, inproved O8M
manual s are required to enhance reliability and nmaintainability
of these facilities. Two types of manuals are to be devel oped
dependi ng upon system conplexity. The MAJCOM or AF/ LEED w ||
identify "conplex" facilities during the progranmm ng cycle.
Exanpl es of "conplex" facilities include |arge adm nistrative
facilities, special processing plants, utility plants,
| aboratories, etc.

(1) For a "conplex" designed facility, tw sets of
manual s are to be devel oped. The designer/design agent wl|
devel op SYSTEM OPERATI NG MANUALS and the contractor will provide
t he EQUI PMENT OPERATI NG, MAI NTENANCE, AND REPAI R MANUALS

(2) For all other facilities and systens, only the
EQUI PMENT OPERATI NG MAI NTENANCE, AND REPAI R MANUALS are
required.

b. The specific requirenments for the basic content of each of
the O&M nmanuals are indicated in the attachnment. The applicable
sections of this guideline will be inserted in the appropriate
section of the technical provisions or in the statenent of work
(SOWN of the design contract to cover the requirenents and
subm ssion of the manuals. Separate manuals are required for

each utility systemor subsystem This will allow each civi

engi neering work center to have a ready reference manual prepared
specifically for their use. 1t is recognized that sone
information will be duplicated in nore than one manual .
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c. Wien the requirenent for system operating manuals is
included in the design contract, the designer will provide to the
desi gn agent, upon design conpletion and prior to contract award,
the manual s as detailed in the guidelines The design agent wll
forward the apﬁroved manual s to the constructi on managenent
section to be held until conpletion of the equi pnent operating,
mai nt enance, and repair nmanuals by the construction contractor.

d. Equi pnent operating, maintenance, and repair manuals are to
be prepared prior to construction conpletion. Copies of the
approved manuals will be forwarded by the construction agent to
t he base constructi on managenent section who will forward them
along with the systemoperating manuals (fromtheir files, to the
appropri ate operations branch work centers.

e. System Qperating manual s and equi pnent operati ng,
mai nt enance, and repair nmanual s shoul d be used as reference
material during the O&M training phase prior to facility turnover
or beneficial occupancy.

2. The attachnent 2 guideline nmust be tailored for each project
with the nonapplicable requirenents del eted and/or nodified, as
appropri ate.
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TECHNI CAL PROVI SI ONS FOR PREPARATI ON OF
FACI LI TY OPERATI NG AND MAI NTENANCE MANUAL

SECTION [ ]. SYSTEM OPERATI NG MANUALS AND EQUI PMENT
OPERATI NG, MAI NTENANCE, AND REPAI R MANUALS

[ ].1. GENERAL REQUI REMENTS

a. Hard Cover Binders. The manuals should be permanently
bound and have a hard cover. The followng identification shal
be inscribed on the cover: the words "SYSTEM OPERATI NG MANUAL" or
"EQUI PMENT OPERATI NG MAI NTENANCE, AND REPAI R MANUAL;" the nane,
bui | di ng nunber, |ocation, and indication of utility or systens
covered. Mnuals should be approximately 8 1/2 by 11 inches wth
| arger sheets folded in and capable of being easily pulled out
for reference. Al nmanuals for a single facility nust be simlar
i n appear ance.

b. Warning Page. A warning page nust be provided to warn of
potential dangers (if they exist), such as high voltage, toxic
chem cals, flammable |iquids, explosive materials, carcinogens,
or high pressures. The warning page shall be placed inside the
front cover, in front of the title page.

~c. Title Page. The title page nust show the name of preparing
firm (designer or contractor) and the date of publication.

d. Table of Contents. Provide in accordance with standard
commerci al practice.

e. Delivery of Manual. Manuals are to be provided at |east
two weeks prior to the scheduled contractor's training sessions
with the base civil engineering personnel.

f. Training. Al training of base technicians nust be
acconpl i shed by qualified personnel who have been certified by
the appropriate manufacturers. Al training dates and tines wll
be approved by the contracting officer. Al training will be
done Monday t hrough Friday between 0700-1700. Contractor shal
provide days of training on the operation and use of the system
and provide__ _days of training on maintenance of the various
systens. Each day's training shall consist of eight hours of
actual training tinme. The approved system and equi pnent
operating manuals with be used to conduct subject training.

Fi nal acceptance of the facility will be contingent upon
recei pt of the O&M manual s and conpletion of the training.
Al training aids, additional draw ngs. schematics, and
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literature necessary to conduct this training will be provided by
the contractor at no additional cost to the governnent.

[ ] 12. SYSTEM OPERATI NG MANUALS FOR COWPLEX FACI LI TI ES.

a. General. Four (4) bound copies of the SYSTEM OPERATI NG
MANUALS wi I | be provided for each utility system Mnual s nust
be witten so that they can be understood by a graduate of both
hi gh school and service school with sone practical experience. A
separ ate manual nust be provided for each system as defined
hereinafter. GCenerally, all manuals shall 1nclude the follow ng
i nformati on:

(1) A general description of each systemto show the type
of systeminstalled, its design or specified capacity and
performance capabilities, special and unusual features, and
rel ationship to other systens.

(2) A statenent of the design intent to include design
factors and assunpti ons.

(3) Operating instructions describing, in detail, system
starting and stoppi ng procedures, instrunentation, and
adj ustnents necessary to obtain optinmum system performance. The
| ocation of test connections and the val ues expected at these
poi nts shall be included, preferably in illustrated form
Data nmust include a list of the additional equipnent required to
acconplish the verification such as tenperature, vacuum
pressure, hydraulic, or signal generators. The listing nust show
met hods of use or application, range of scales, and specific
m ni mum t ol erance or perfornmance of accuracy.

(4) Enmergency operating instructions to include energency
procedures for equipnment mal function to permt a short period of
conti nued operation or to shut down equipnent, if required, to
prevent further damage. |nclude energency shutdown instruction
for fire, explosion, spills, or other contingencies. Provide
gui dance on energency operation of all utility systens, including
val ve | ocation and portion of systens controll ed.

(5) Single line floor plans, to show | ocation of
equi pnent and configuration of systens. floor plans shall be
acconplished so that structural features are subdued conpared to
utility features. Floor plans shall be included in the manual,
not as a separate package.

_ (6) Acknow edgi ng that various design data may not be
avai l abl e during the design process, the designer will use
generic information for devel opnent of system manuals. When
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speci fic equi prent or materials have been selected by the
construction agent shall furnish this information to the design
agent for inclusion in the system nanual s.

b. Facility Heating Systems. This manual covers heating
systens and those portions of HVAC systens that provide heat.
The follow ng informati on shall be provided:

(1) A single Iine floor plan including:

~(a) Color coded piping plan for all hot water, steam and
fuel piping, including indication of directions of flow and
hocatlons of all isolation valves (not balance), air vents and
rains.

(b) Location of boundaries of each tenperature control
zone.

(O Location of all heating equipment such as fin-tube
radi ati on, heating coils, boilers, and punps.

~_(d) Location of all water treatnent equi pnment or
provi sions for this equi pment in exchange softeners such as
conti nuous feeders or other equipnent.

(e) Location of all notor starters.

(2) A valve schedul e show ng the function of each val ve shown
on the floor plan.

(3) Awitten description of operation for each conponent (not
to include internal factory installed controls), including its
rel ationship to other conponents of the heating system

(4) Anarrative description of the seasonal operation
requirements For exanple, should boilers and chillers be operated
si mul t aneousl y?

(5) Anarrative description of chem cal treatnent, sanpling,
and testing requirenents.

c. Air Conditioning Systens. This manual covers hydronic or
forced air air-conditioning systens and those portions of HVAC
systens that provide cooling. The following information shall be
provi ded:

(1) Single Iine floor plans including:

(a) Col or coded piping plan for all chilled,
ondenser, and make-up water piping showi ng directions of
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flow and | ocations of all isolation valves (not balance), air
vents and drains.

(b) Location of boundaries of each tenperature control
zone

_ (c) Location of all air-conditioning equipnent (e.g.,
chillers, cooling towers, punps, cooling coils, etc).

(d) Location of all water treatnent equi pnent or
provision for this equipnent feed such as continuous feeders and
ot her equi pnent.

(e) Color coded air distribution plan including |ocation
of all fire and snoke danpers.

(f) Location of all notor starters.

(2) A valve schedul e showi ng the function of each val ve shown
on the floor plan.

(3) Awitten description of operation for each conponent (not
to include internal factory installed controls), including its
relationship to other conponents of the air conditioning system

(4) A narrative description of seasonal operation
requi rements. For exanple, should boilers and chillers be
oper ated si nul t aneousl y?

(5 A narrative description of chemcal treatnent, sanpling,
and testing requirenents.

d. Tenperature Control and HVAC Distribution System This manual
covers automatic tenperature controls and information necessary
for air and hydroni c balancing. The follow ng information shal
be provi ded:

(1) Single Iine floor plans including:
(a) Col or coded piping plan for all HVAC pipi ng show ng
directions and quantities of flow and |ocation of all valves and
fl ow neasuri ng stations.

(b) Location of boundaries of each tenperature control
zone.

(C Location of all HVAC equi pnent.

(d) Color coded air distribution plan including
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| ocation of all danpers (manual and automatic) and air flow
measuring stations and air flow requirenments for each duct and
ai r devi ce.

(e) Location of all notor starters.

(2) A valve schedul e showi ng the function of each val ve
shown on the floor plan.

(3) Awitten description of operation for each conponent
(not to include internal factory installed controls), including
its relationship to other conponents of the HVAC system

_ (4) Anarrative description of the seasonal operation
requi renents. For exanple, should boilers and chillers be
oper ated si nul t aneousl y?

(5) Provide the following information for all automatic
t emperature control equi pnment:

(a) Afully labeled control piping or wiring schematic
whi ch shows point-to-point piping and wiring and i ncl udes al
performance paraneters such as set points, throttling ranges,
actions, spans, proportional bands, and other control conponents
adj ustnent or setting data. The system schematic piping or
W ring diagramnust be drawn to a | arge enough scale to all ow
anpl e space to allow enough print to be witten in |arge enough
print to be easy to read.

(b) Afully labeled elenentary electrical |adder diagram

(c) A sequence of operation (a narrative statenent of how
the control systemfunctions). It nust be conplete, cross-
reference to the control schematic piping or wring diagram and
to the el enentary di agram

(d) A functional description of each control conponents
shown on the drawi ngs. Describe the generic performance of each
conponent .

(e) Notation of pneumatic test ports and electronic
systemtermnal strips cross-referenced between the control and
the control schematic to facilitate troubl eshooting and
cal i bration.

(f) Location of EMCS interface equi pnent and interaction
on EMCS control capabilities.

e. Central Heating Plants. This manual covers the central heat
pl ant (steam or high tenperature hot water). The foll ow ng
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i nformati on shall be provided:
(1) Asingle line floor plan including:

(a) Col or coded piping plan for all water, steam and fuel
pi pi ng, including indication of directions of flow and | ocation
of all valves, air vents, and drains

(b) Location of all equipnent such as boilers, punps,
fans, econom zers, heat exchangers, control panels, fuel handling
equi pnent, deaerators, tanks (flash, expansion, return water,
etc), water softeners, and pollution control devices.

(C Location of all steamtraps (for steam plants).

(d) Location of all chem cal feed equi pnent or provision
for chem cal feed such as shot feeders or other equipnent.

(e) Location of all notor starters.

_ (f) Color coded schematic that shows the
interrelationship of all conponents in the heat plant. For
exanpl e, use of econom zer to preheat conbustion air or make-up
wat er .

(2) A valve schedul e showi ng the function of each val ve shown
on the floor plan.

(3) Awitten description of operation for each conponent (not
to include internal factory installed controls), including its
relationship to other conponents in the central heat plant
system

(4) A narrative description of the seasonal operation
requi rements. For exanple, which boilers should be operated to
nmeet different | oad requirenent?

(5 A narrative description of chem cal treatnent
requirenents.

f. District Heating Distribution Systens. This nanual covers the
district heating distribution systens (steamor high tenperature
hot water). The follow ng information shall be provided:

(1) A single Iine plan including: Color coded piping plan for
all hot water, steam and condensate return lines; including
i ndication of directions of flow and | ocations of all valves,
manhol es, steamtraps, punps, air vents, tanks (expansion,
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flash, etc), and drains.

(2) A valve schedul e showi ng the function of each val ve
shown on the piping plan.

(3) Awitten description of operation for each
conponent, including its relationship to other conponents in the
district heating distribution system

g. Exterior Electrical System This manual covers exterior

el ectrical distribution systens. The follow ng information shal
be provided: (1) A single line showng the follow ng. Equipnent
ratings (continuous and interrupting duty) shall be included.

(a) Location of all swtches.

(b) Size and location of all capacitor banks.
(c) Location of all transforners.

(d) Location of all reclosers and breakers.

g (e) Location of all lightning arrester and groundi ng
r ods.

(f) Location of all guy wres.

(g) Wre sizes and types.

(h) Fuse sizes and types.

(1) Namepl ate data of all the above.

~(2) Asingle line of all substations and switching stations
to include CT ratios, relay types, and settings.

(3) Awitten description of operation for each conponent
(breakers, relays, regulators, recloser, etc), including its
relationship with other conponents of the distribution system

St ud (4) Short Crcuit Analysis, Load Flow, and Coordi nation
t udy.

~ (5) Provide the following information on all automatic
equi pnent (breakers, reclosers, regulators, etc).

(a) Afully labeled elenentary electrical |adder diagram



ER 25-345-1
31 Jan 91

(b) A sequence of operation, cross-referenced to the
el emrentary di agram

h. Interior Electrical Systenms. This manual covers the interior
el ectrical distribution system The follow ng information shal
be provi ded:

(1) Single-line floor plans including:

(a) Location of all electrical distribution equipnent
(e.g., panels, disconnects, transfornmers, sw tchgear, notor
control centers, EPS lighting systens, etc).

(b) Location of all electric notors 1/4 HP or greater and
the size of the installed (and required | AW NEC) thernal
over | oads. .

(2) Adistribution systemsingle-line diagramwth ratings and
settings adjacent to major protective devices (IAW Coordi nation
Study) and feeder sizes and types.

(3) Short circuit and coordi nation study.

(4) Special groundi ng systens.

i . Enerqy Managenent and Control System Manual s del i vered shal
i ncl ude:

(1) Functional Design Manual: The follow ng design manual
shall identify the operational requirenents for the system and
explain the theory of operation, design philosophy, and specific
functions. A description of hardware and software functions,
interfaces, and requirenents shall be included for all system
oper ati ng nodes.

(2) Hardware Manual: A nmanual describing all equi pnent
furni shed, including:

(a) General description and specifications.

(b) Installation and checkout procedures.

(O Equi pnent electrical schematics and | ayout draw ngs.
(d) System schematics and input/output wiring |ists.

(e) Alignnent and calibration procedures.

(f) Manufacturer's repair parts list, indicating
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sources of supply.
(g) Interface definition.

(3) Software Manual: The software nmanual shall describe the
functions of all software and shall include all other information
necessary to enabl e proper |oading, testing and operation.

(3.1) The manual shall have separate sections for centra
control unit and central conmunications controller software,

i ncl udi ng:
(a) Definition of terns and functions.
(b) Procedures for system generation.

(C) Description of the algorithns for the applications
progr amns.

(d) Description of inplenentation of the applications
progr amns.

(e) Description of required sequences using control
sequence software.

(f) Data base format and data entry requirenents.

(g) Directory of all disk files.

(h) Description of all comrunications protocols including
data formats, conmmand characters, and a sanple of each type of
data transfer

(3.2) The manual shall have separate sections for all FID and
MJUX sof t ware incl udi ng:

(a) Definitions of terns and functions.

(b) Descriptions of algorithnms for the applications
prograns.

(C) Description of inplenmentation of the applications
prograns.

(d) Description of data base format.
Description of all comuni cations protocols,

(e)
i ncludi ng data formats, command characters, and a sanple of each
type of data transfer
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(4) Operator's Manual: The operator's manual shall fully
explain all procedures and instructions for operation of the
system including:

(a) Conputers and peri pheral s.

(b) System start-up and shut-down procedures.

(c) Use of system command, and applications software.
(d) Alarm presentation.

(e) Recovery and restart procedures.

(f) Back-up equi pnment operations.
(g) Use of reports generator.

(h) Data entry.
(i) Paraneter schedul es.
(j) Operator commands.

(k) Report generator data format, output format, and
content.

(1) Alarm nessages and format.
(m System access requirenents.
. Donestic Water Systens. This manual covers the donestic water

supply, treatnent, and distribution system The foll ow ng
informati on shall be provided:

(1) Single |ine draw ngs.
_ ~(a) Color coded piping for all treatment facility process
lines indicating flow direction and | ocation of all control
val ves and gates.
_ (b) Location of all base distribution |ines, water source
mai ns, intakes and well systens, storage tanks, punping stations
and ot her unique facilities connected to the system

(O Treatnment system process diagrans showing all the
conmponents and control points.

(d) Sinplified electrical schematic of the control system
and el ectrical equipnent.

(e) Specifications for all punping systens.
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(2) Safe drinking water standards and ot her appropriate state
and federal regulations and reporting requirenents should be
provi ded.

(3) The normal operating process of each conponent shoul d be
explained along with its relationship to the other conponents.
Process control and nonitoring instrunmentation should be
expl ained along with control and val ve status charts for the
various operating nodes. Routine operator tasks should be
descri bed.

(4) Process theory and | aboratory control testing and
nmoni toring shoul d be expl ai ned.

(5) A special chapter should be devoted to safety issues and
energency operating procedures. Supporting utility systens and
al ternate power and water sources should al so be descri bed.

(6) The requirenents for daily operating | ogs and nai nt enance
records shoul d be expl ai ned.

(7) Manpower requirenents, along with job descriptions,
training and certification requirenents should be provided.

k. Wastewater Treatment Systems. This manual covers the donestic
wast ewat er collection and treatnent systens. The follow ng
information shall be included:

(1) Single |ine draw ngs.

(a) Colored coded piping for all treatment facility
process lines including flow direction and |ocation of al
control valves and gates.

(b) Location of all base collection lines, lift stations,
force mains, manholes, oil/water separators and other unique
facilities connected to the system

(O Treatnment system process diagrans showing all the
conponents and control points.

(d) Sinplified electrical schematic of the control system
and el ectrical equipnent.

(e) Specifications for all punping systens.
(2) NPDES Permt requirenments along with appropriate state and

federal regulations and reporting requirenents. Infornmation on
| ocal stream standards shoul d al so be provi ded.
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(3) The normal operating process of each conponent shoul d be
explained along with its relationship to the other conponents.
Process control and nonitoring instrunmentation should be
expl ained along with control and val ve status charts for the
vari ous operating nodes. Routine operator tasks should be
expl ai ned.

(4) Process theory and | aboratory control testing and
nmoni toring shoul d be expl ai ned.

(5) A special chapter should be devoted to safety issues and
energency operating procedures. Supporting utility systens and
al ternate power sources should al so be descri bed.

(6) The requirenents for daily operating | ogs and nai nt enance
records shoul d be expl ai ned.

(7) Manpower requirenents, along with job descriptions,
training and certification requirenents, should be provided.

|. Fire Protection Systens. This manual covers fire suppression
systens of the follow ng types: automatic sprinkler and
stanQpiFe, f oam exti ngui shi ng, gaseous extingui shing, and dry
chem cal .

(1) Single line piping plans for each of the above systens.
The plans will show direction of flow and | ocation of nmanual
val ves, al armval ves, test connections, storage tanks, punps,
di stribution devices, and hydrants.

(2) A valve schedul e show ng the function of each val ve.

(3) An alarmval ve schedul e showing the |ocation and
description of each
devi ces.

(4) Copies of the manufacturer's recomrended inspection, test,
and mai nt enance instructions/guidance for each different devices
i nstal |l ed.

m Fire Detection Systems. The follow ng information shall be
provi ded;

(1) Single-line floor plans including:
(a) Details and location of all detectors.
(b) Location of boundaries of all zones.

(O Wring schematic of all control panels,
annunci ator and detection devices.
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(d) Location of interfaces with HVAC and el ectrical equi pnent
(power and HVAC shut down, danper operation, etc).

n. Plunbing Systems. This manual covers plunbing, including
domestic hot and cold water, wastewater, conpressed air, natural
and |iquefied petrol eum gases, nedi cal gases, and vacuum syst ens.

(1) Single-line piping plans for each of the above systens.
The plans will show direction of flow and | ocations of valves,
regul ators, backfl ow preventors, traps and oil/water separators,
and plunmbi ng fixtures.

(2) A valve schedul e show ng the function of each val ve and
backfl ow preventer.

(3) Aregulator schedule showing the |ocation and regul ating
pressures of each device.

(4) Atrap and oil/water separator schedule show ng the
| ocati on and operation of each.

o. Liguid Fuel Systems. This nmanual covers |iquid fuel storage
and distribution systens for aviation and ground petrol eum
products. The followi ng information shall be provided:

(1) Single-line draw ng including:
(a) Col or coded piping plan for liquid fuel, water and
drai nage. The plan show | ocation of directions of flow, | ocation
of isolation valves, |ow point drains and high point vents.

(b) Location of all hydrant outlets and truck fil
st ands.

(O Location of all system punps with capacity and
pressure rating.

(d) Wring schematics for all electrical conponents.

(2) Electrical and el ectronic control sequence of operations
for punps, alarnms and liquid | evel control devices.

(3) A valve schedul e showi ng the function of each nmanual and
automatic valve. Valves will be designated as normally open or
cl osed and for mai ntenance or operation of the system

(4) Automatic control valve schematics shall be furnished for
all regulating valves. D agranms show ng sequence of
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operation for each pilot control wll be furnished for each type
of val ve.

p. Cathodic Protection Systems. This manual covers both gal vanic
sacrificial or inpressed current protection systens. The
followi ng informati on shall be provided for elther system

(1) A scaled single-line draw ng show ng:

(a) Location and depth of the structure being protected.

(b) Location, depth and material conposition of any other
structure such as, but not limted to, buried tanks, pipelines,
natural gas lines, water lines, electrical conduits or o
tel ecommuni cati ons cables that crosses or is in close proximty
to the structure receiving protection.

(C Location and depth of anodes.

(d) Location of all test stations.

~ (e) Location of all junction or shunt boxes. If a shunt

box is used, a separate detail show ng the installation, shunt
sizes and resistor sizes (if any) should al so be included.

- (f) Location and rated capacity of all rheostats,
potentionmeters or resistors.

(g) Location and depth of anode header cable (gal vanic
systen) or positive and negative header cables (inpressed current
system). This detail should al so include conductor size,
material and installation used.

(h) Location and depth of all bonds made to the structure
recei ving protection.

(I') Location of all pavenent inserts.
(j) Location and type of all reference el ectrodes.

(k) A separate detail show ng the typical wring diagram
of test stations installed

(1) A separate cross-sectional view of a typical buried

anode indicating weight, dinensions and material. The type of
bﬁpkfhll pfed for the installation should also be indicated on
this detail.

(m A separate detail showing a typical splice
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i ndi cating type of connector used and type of material used for a
splice coating.

(n) A separate detail showing a typical bond indicating
type of bond device (exothermc weld, clanp etc.) and type of
materi al used for a bond coati ng.

(o) A separate detail showing the rectifier nounting
met hod i ndi cati ng hei ght and size of supports. This detai
shoul d al so include the particulars of the rectifier such as the
AC input, rated DC output (Inpressed Current Systens Only).

(p) Location of isolating flanges and type of materi al
used for dielectric insulation.

(2) Operations nmanuals for automatic potential control or
automatic current regulating rectifiers shall also be included.

g. Cenerator Installations. This manual covers permanently
installed electrical generator systens. The follow ng
i nformati on shall be provided:

(1) A single-line floor plan including:

(a) Piping plan for the cooling, air start, fuel systens,
and | ube systens.

_ (b) Location of all equipnment such as generators,
sw tchgear, automatic transfer switches, batteries, starting
system fuel tanks, etc.

(c) Schematic and | ocation of the grounding system

~ (2) Awitten description of operation for each conponent,
including its relationship to other conponents of the generating
system

(3) Alisting of the transient reactance, synchronous
react ance, subtransient reactance, negative sequence reactance
and zero sequence reactance for each generator.

(4) A narrative description of the operation of governors,
exciters, regul ators auto/ manual synchronizing and other control
equi pnent .

(5) Provide the followng information on all protective
circuits, swtchgear, automatic transfer swtches, generator
circuits and battery charges:

(a) Fully | abeled elenentary electrical |adder

B-17



ER 25-345-1
31 Jan 91

di agr ans.

(b) A sequence of operation, cross-referenced to the
el emrentary di agram

(6) Awitten description of the requirenent for and treat nment
of equi pnent cool ing systens, including cooling system capacity.

r. Active Solar Installation. This manual covers permanently
installed active solar systens (flat plate or concentrator
pl ates). The follow ng shall be provided:

(1) A single-line floor plan including:

(a) Piping and fitting including the storage tank, heat
exchanger and col | ector.

(b) Location of all equipnent such as val ves, punps,
sol ar collectors, conpression tanks, instrunents (including any
sol ar tracking equi pnent), piping specialties, solar storage
t anks, heat exchangers and sol ar-boosted donestic water heaters.

~(C) Schematic and |ocation of the electrical and
mechani cal systens.

~ (2) Awitten description of operation of each conponent,
including its relationship to other conponents of the solar
heating or cooling system

(3) Alisting of weak links in the system (val ves, punps, etc)
whi ch shoul d be especially checked annually or nore often.

~(4) A sequence of operation cross-referenced to the elenentary
di agram

(5) Troubl eshooting instructions.
s. Photovoltaic (PV) Installations. This manual covers

permanently installed photovoltaic systenms. The follow ng
I nformati on shall be provided:

(1) A single-line floor plan including:

(a) Wring plan for the nodul es, interconnections wth
the regul ator, batteries and AC power source.

(b) Location of all equipnment such as nodul es, regul ator
and batteries.
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~ (2) Awitten description of operation for each conponent,
including its relationship to other conponents of the PV system

(3) A brief description of the theory of PV which can be
under st ood by high school or trade school graduates.

(4) A troubl eshooting guide which will point out the
critical ness of the PV system and show how often the conponents
must be i nspected.

[ ]1.3. EQU PMENT OPERATI NG MAI NTENANCE AND REPAI R MANUALS.

a. General: Separate manuals shall be provided for each
utility systemas defined hereinafter. Mnuals nust include, in
separate sections, the following information for each item of
equi pnent :

(1) Performance sheets and graphs showi ng capacity data,
efficiencies, electrical characteristics, pressure drops, and
flow rates. Marked-up catal og pages do not satisfy this
requi renent. Performance information shall be presented as
conci sely as possible and contain only data pertaining
to equi pnent actually installed.

(2) Catalog cuts show ng application information.

(3) Installation informati on showi ng m ni num accept abl e
requirenents.

(4) Operation and mai ntenance requirenments. |nclude adequate
illustrative material to identify and | ocate operating controls,
i ndi cating devices and | ocations of areas or itens requiring
mai nt enance.

(a) Describe, in detail, starting and stopping procedures
for conponents, adjustnent required to obtain optinum equi pment
performance, and corrective actions for mal functions.

(b) Maintenance instructions describing the nature and
frequency of routine maintenance and procedures to be foll owed.
| ndi cate any special tools, materials and test equi pnent that may
be required.

(5) Repair information including diagrans and schemati cs,
gui dance for diagnosing problens, and detailed instructions for
maki ng repairs. Provide troubl eshooting information that
i ncludes a statenent of the indication or synptom of trouble and
sequential instructions necessary. |Include test hookups to
determ ne the cause, special tools and test equi pnment, and
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met hods for returning the equipnent to oPerating condi tions.
I nformation may be chart formor in tabular format with
appropri ate headi ngs.

(6) Parts lists, manes and addresses of closest parts supply
agenci es.

(7) Names and addresses of |ocal nmanufacturers
representatives.

b. Facility Heating Systens. Information shall be provided on
the foll om ng equi pnent: boilers, water treatnent, chem cal feed
unps and tanks, converters, heat exchangers, punps, unit
eaters, fin-tube radiation, air handling units (both heating
only and heating and cooling), and valves (associated with
heati ng systens).

c. Air-Conditioning Systens. Provide information on chillers,
packaged air-conditioning equi pnent, towers, water treatnent,
chem cal feed punps and tanks, air-cooled condensers, punps,
conpressors, alr handling units, and valves (associated wth air-
condi tioni ng systens).

d. Tenperature Control and HVAC D stributi on Systens.

(1) Provide the information described for the foll ow ng
equi pnent: val ves, fans, air handling units, punps, boilers,
converters and heat exchangers, chillers, water cool ed
condensers, cooling towers, and fin-tube radiation.

(2) Provide all information described for the follow ng
equi pnent: control air conpressors, control conponents (sensors,
controllers, adapters and actuators), and fl ow neasuring
equi pnent .

e. Central Heating Plants. Provide the information described for
the foll om ng equi pnent: boilers, converters, heat exchangers
punps, fans, steamtraps, pollution control equipnment, chem ca
feed equi pnent, control systens, fuel handling equipnent,
deaerators, tanks (flash, expansion, return water, etc), water
softeners and val ves.

f. District Heating Distribution Systens. Provide the

i nformati on descri bed for the foll ow ng equi pnent: val ves, fans,
punps, converters and heat exchangers, steamtraps, tank
(expansi on, flash, etc) and piping systens.

g. Exterior Electrical Systens. Information shall be provided on
the foll owi ng equipnent: power transforners, relays, reclosers,
breakers and capacitor bank controls.
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h. Interior Electrical Systens. Information shall be provided on
the foll owm ng equi pnent: relays, notor control centers,

sw tchgear, solid state circuit breakers, notor controllers and
EPS |ighting systens.

(1) Wring diagrans and troubl eshooting flow chart on
control systens.

(2) Special grounding systens.

i . Energy Managenment and Control System The nmai ntenance manua
shal | include description of maintenance for all equipnent,

i ncludi ng i nspection, periodic preventative maintenance, fault
di agnosi s and repair or replacenent of defective conponents.

j. Donestic Water Systens. The identified information shall be
provi ded on the followi ng equi pnent: tanks, unit process

equi pnent, punps, notors, control and nonitoring I nstrunentation,
| aboratory test equi pnent, chem cal feeders, valves, swtching
gear and autonmatic controls.

k. Wastewater Treatnent Systens. The identified information
shal |l be provided on the foll ow ng equi pnent: tanks, unit process
equi pnent, punps, notors, control and nonitoring instrunentation,
| aboratory test equi pnent, chem cal feeders, valves, scrapers,
SkinﬂE{S, commut ators, blowers, sw tching gear and autonmatic
control s.

|. Fire Protection Systens. Information shall be provided on the
foll ow ng equi pnent: al arm val ves, manual valves, regul ators,

f oam and gas storage tanks, piping materials, sprinkler heads,
nozzl es, punps and punp drivers.

m Fire Detection Systens. The maintenance manual shall include
description of mai ntenance for all equi pnent, including

i nspection, periodic preventive mai ntenance, fault diagnosis and
repair or replacenent of defective

conponent s.

n. Plunbing Systens. Infornmation shall be provided on the
foll ow ng equi pment: water heaters, valves, pressure regul ators,
backfl ow preventors, piping materials and plunbing fixtures.

0. Liquid Fuels Systens. Information shall be provided on the
foll ow ng equi pnent: tanks, automatic val ves, manual val ves,
filter separators, punps, nechanical |oading arns, nozzles,
metersi el ectronic controls, electrical swtch gear and fluidic
control s.

B-21



ER 25-345-1

31 Jan 91

p. Cathodic Protection Systems. Information shall be provided on
the follow ng material and equipnent: rectifiers, neters, anodes,
anode backfill, anode lead wire, insulation material and wire

size, automatic controls (if any), rheostats, switches, fuses and
circuit breakers, type and size of rectifying elenments, type of
oil inol-imersed rectifiers and rating of shunts.

g. Generator Installations. Information shall be provided on the
foll owi ng equi pment: generator sets, automatic transfer panels,
governors, exciters, regulators, starting systens, swtchgear and
protective devices.

r. Mscellaneous Systens. Information shall be provided on the
foll owi ng: comuni cati on and ADP systens, security and intrusion
alarm elevators, material handling, active solar, photovoltaic,
and other simlar type special systens not otherw se specified.
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