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ally gradual , and informatio n needs t o be maintaine d for futur e reference .
Cost dat a on completed wor k should also constitute a  part of the record .

Maintenance personnel nee d to keep abreast o f new developments i n
coating an d applicatio n technique s to effectivel y maintai n structure s fo r
uninterrupte d performanc e throughou t the ful l expecte d lif e o f the struc -
ture.

Selection of Coatings

Selection o f coatings requires a specialty stud y to select the materia l
best suited to the need. A paint manua l has been prepare d by the Bureau of
Reclamation tha t might well be used by any maintenanc e personnel (Paint

Manual 1976) . Pain t vendor s can als o suppl y goo d information . Finally,
there i s n o substitut e fo r experienc e of a  maintenanc e superintenden t i n
determinin g the typ e of coatin g to be used for a  specific application .

There ar e man y types o f coatings , rust-preventiv e compounds , an d
accessory materials . Eac h ha s a  variet y o f compositio n an d propertie s
available . The person responsibl e need s to be knowledgeabl e abou t thin -
ners, colors, stains, dryers , putties , glazin g compounds , waxes , pigments ,
vehicles, dampproofing , and materials .

Some basic type s of material s availabl e includ e coal-ta r pitch , coal -
tar paint , viny l resins , late x paint , boile d linsee d oi l pigmente d paint ,
epoxy paint , hot-di p galvanize d coatings , an d red-lea d primers . Obvi -
ously, a carefu l stud y of these material s is needed prio r to any application .
Regulation s governin g hazardou s material s o r environmenta l complianc e
may limi t or restric t the use of certai n protectiv e coatings .

Where rapi d deterioratio n o f painte d surface s take s place , eithe r
exposed o r submerge d i n water , i t behoove s supervisor y personne l t o
make thoroug h on-the-spot investigation s t o determine cause of failure . In
many cases, changin g fro m on e typ e of coating t o anothe r may be neces-
sary an d beneficial .

Interior Surfaces

Interio r surface s most ofte n emplo y a semigloss enamel, latex-base d
paint . No prime r is necessary wher e a dull finish is acceptable .

Boiled linsee d oi l thinne d wit h minera l spirit s o r lacque r ma y b e
used t o retai n an d enhanc e th e natura l beaut y o f woo d grain . Specia l
plasti c pain t is sometimes used where a speckled o r flaked characteristi c is
desired on interio r wallboar d and where extra cost i s not a problem.

Interior woodwork , properl y coate d wit h pain t an d varnish , shoul d
remain i n goo d conditio n fo r man y years . Deterioratio n fro m repeate d
washings, scratching , an d impac t chippin g wil l ultimatel y mea n tha t ol d
coatings mus t be remove d befor e repainting . Accordingly , added coat s of
paint shoul d be applie d wit h reluctanc e to interio r surface s in the interes t
of overal l economy.

Exterior Woodwork

Exterio r woodwor k will experience much more rapid deterioratio n of
coating s becaus e o f the greate r effec t o f sunlight , moisture , an d tempera -
ture changes . Accordingly , inspections o f such surface s should b e sched -
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uled a t mor e frequen t intervals , suc h a s annuall y in th e case o f extrem e
exposure .

Again, th e pitfal l o f too frequen t repaintin g wit h resultan t crackin g
and peelin g shoul d b e avoided . Generally , surface s i n the norther n hemi -
sphere facin g north wil l require less painting tha n those facin g south .

Pigments containin g lea d ar e n o longe r use d i n exterio r coatings ,
except possibly as tintin g colors in minor amounts . Acrylic , polyethylen e
emulsions, o r differen t type s o f emulsifie d resin s ar e th e coating s i n
common use today.

Exterior oi l paint s ar e formulate d as "self-cleaning" throug h chalk -
ing a s th e surfac e o f th e coatin g graduall y become s powder y an d i s
washed awa y by rain . The gradua l reduction of film thickness reduces the
tendenc y fo r crackin g an d peeling , s o tha t whe n additiona l pain t i s ap -
plied, a  flexibl e well-bonde d fil m i s usuall y restored .

In th e cas e o f structura l timber s tha t ma y o r ma y no t hav e bee n
pressure-treate d prio r t o construction , a successfull y use d techniqu e fo r
coating i s th e applicatio n o f shotcrete . Thi s applicatio n increase s th e
service lif e by protectin g agains t rot and mildew.

Concrete

Concrete paintin g fo r decoratio n an d dampproofin g ma y be accom -
plished wit h a variet y of pain t choices, includin g Portlan d Cemen t paint ,
oil vehicl e paint , late x paint , and epoxy an d silicone materials . Th e con -
trol o f alga e growt h i n concret e structure s ca n als o b e provide d wit h
special protectiv e covering s includin g coal-ta r ename l an d catalyticall y
blown asphalt . Two coats of copper-base, antifoulin g paint also have been
successfull y use d to retar d alga e growth .

Generally , good high-strengt h concret e i s sufficientl y waterproo f t o
provid e it s ow n protectio n durin g it s intende d service . However , wher e
deterioratio n du e t o excessiv e freezin g an d thawin g occurs , a  four-coa t
linseed oi l and pain t treatmen t has generally serve d satisfactorily . Polyvi -
nyl acetat e paint , styren e butadien e paint , an d epoxy resin material s hav e
also show n promise fo r such applications .

Neoprene compound s hav e bee n foun d effectiv e fo r waterproofin g
concret e i n th e upstrea m face s o f olde r dams . Chlorinate d rubber-bas e
paints ar e less costly , an d althoug h not as effectiv e as neoprene , ar e stil l
considered excellen t paint s for wate r tank and reservoi r application . Neo -
prene has also prove d very satisfactor y in freezin g and thawin g and water -
proofin g tests , an d ha s excellen t erosio n resistanc e qualities . Anothe r
method o f waterproofin g concret e i s t o plac e a  protectiv e plasti c mem -
brane over the concret e wit h a bonding agent .

Sometimes paintin g interio r concret e wall s i s neede d t o improv e
appearance . A  varnish-bas e pain t ma y b e applie d i f th e surfac e i s thor -
oughl y dry . Latex-bas e paint s hav e bee n successfull y use d fo r thi s pur -
pose.
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Metahvork

Metalwor k paintin g ma y b e th e mos t importan t maintenanc e pro -
gram fo r irrigatio n an d drainag e structures . Thi s i s especiall y tru e fo r
underwate r and varie d exposure s o f meta l surfaces .

Coal-ta r enamel and cement morta r coatings provid e the best protec -
tion for such items as power penstocks, bu t these coatings ar e difficul t an d
costly t o apply . Two-componen t material s suc h a s epox y an d coal-ta r
epoxy offe r advantage s but requir e ver y special care and application .

Two packag e epoxies , polyurethane s an d polyesters , ar e th e mos t
common replacement s fo r multicoa t viny l paints . Metalizin g wit h organi c
seal is one option, an d topcoats i s another .

Large underwate r meta l structure s ma y also be protected b y hot-ap -
plied, heav y epox y coating . This materia l require s specia l equipmen t an d
care in application .

Metal structure s expose d t o outsid e atmospheri c condition s ar e n o
longer protecte d wit h red-lea d primin g pain t covere d wit h an aluminum -
pigmente d varnis h o r alky d enamel . Red-lea d primin g paint s hav e bee n
replaced wit h lea d an d chromate-free , anticorrosiv e primers , man y o f
which are based o n phenolate d alkyd s or cold-cu t phenoli c varnishes .

Where meta l conduit s ar e subjec t t o erosio n fro m silt , sand , o r
gravel-lade n waters , neopren e paint , thoug h more expensiv e tha n coal-ta r
enamel o r cement mortar , seems to offe r excellen t resistance . Elastomeri c
and other two-packag e polyurethan e coatings are also used for erosion and
abrasion-resistan t coatings . Neopren e pain t is more expensiv e and is used
less ofte n tha n the urethan e coatings .

Quality Control

Quality contro l i n applyin g a protectiv e coatin g result s fro m man y
factors . Thes e includ e a  carefu l diagnosi s o f th e problem , informe d pre-
scriptio n o f a  remedy , logica l bu t simpl e specificatio n o f material s an d
methods , rigi d inspectio n requirin g conformance , frequen t inspection ,
continua l maintenance , and proper records .

Preparations for Painting

Surfac e preparatio n is th e ke y to successfu l protectiv e coating . N o
coatin g i s bette r tha n th e foundatio n on whic h i t rests. Surface s tha t ar e
coated wit h ename l or other nonchalkin g material s an d are i n fairl y good
condition a t the time of repaintin g will require only scrapin g or sandpaper -
ing as surfac e preparation . Sever e crackin g and peeling indicate s a  condi -
tion tha t cause s poo r adhesio n t o the old paint , leadin g to crackin g in the
new paint . Where this conditio n is genera l and numerou s repainting s have
built up excessive fil m thickness , satisfactor y results can be obtaine d only
throug h complete remova l of the old paint , followe d by repainting .

The on e metho d of complet e pain t remova l for larg e area s i s wit h a
pain t burner , followe d b y scrapin g whil e th e pain t i s sof t an d hot . Thi s
method require s tha t safet y precaution s b e take n t o avoi d fir e damag e to
the structure . Remnant s ca n b e remove d b y scrapin g o r wirebrushin g
woodwor k afte r th e pain t has cooled. Corners and edges especially shoul d
be scrape d clean . Sandblastin g i s anothe r metho d an d used mos t ofte n to
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clean coatings fro m meta l surfaces. High-pressure (2,000 psi) washers can
also be used to remove old coatings .

It i s extremel y importan t tha t bare meta l surface s ar e protecte d im -
mediately. Whe n bar e meta l surface s ar e lef t expose d overnight , mino r
rusting o f th e surfac e ca n occur . Always  sandblast,  clean,  an d prime
metal surfaces  o n the same day.  Any surfac e on which a  coating i s to be
applied should be free of all dirt , effluorescence , oil , pits, alkali , moisture ,
or othe r condition s tha t woul d preven t bonding . Thi s i s tru e o f wood ,
metal, or concrete surfaces .

Special rotatin g power tools ar e availabl e for removal of all kinds of
hard paints , rust , and scale fro m stee l an d concrete surfaces . These tools
include powe r wir e brushes , grinders , an d chippin g tool s an d ar e espe -
cially effectiv e fo r touch-u p recoating needs. Th e surfac e produced is not
equal, fo r paintin g purposes, t o tha t obtained fro m sandblasting , bu t i t i s
free o f loos e an d poorl y bonde d materia l an d i s roughene d somewhat .
These tool s ar e normall y limite d t o us e o f fla t o r large-radiu s curve d
surfaces.

Following remova l o f foreig n materials , furthe r cleanin g b y ligh t
wire brushing or wiping with solvent, or with other treatmen t solution may
be necessar y t o ensur e remova l o f al l loose dus t an d rus t fro m a  meta l
surfac e befor e recoatin g commences . Physical adhesion i s enhance d if the
surfac e i s roughene d whil e chemica l adhesion i s sometimes improve d for
metal surface s by pretreatmen t with conditioners .

Mixing

Mixing of coating material s must be done according to manufacture r
specification . Obviously , a linseed oil-base d pain t canno t be thinne d with
water, nor ca n a latex bas e pain t b e thinned wit h mineral spirits. Epoxy -
resin compound s mus t be precisely blende d wit h curin g agents in a  clean
working area with good ventilatio n by trained personnel wearin g rubber or
vinyl gloves .

Manufacture d pain t shoul d be vibratio n mixe d i f possible and thor -
oughly stirre d t o provid e satisfactor y results . Th e inten t shoul d b e t o
preserve a  balanc e of pigment and thinners by stirring unti l smooth consis -
tency is achieved. Mechanica l mixers are preferred . A stirrer on an electri c
drill als o work s well . Som e paint s requir e frequen t reagitation . Coatin g
materials shoul d be thinned to proper proportion s and sometimes heated to
yield the specifie d applie d mil-thickness .

Application

Application o f protectiv e coatin g by brush , dauber , trowel , o r spray
is obviousl y important . Paintin g an d coatin g should  no t begin unles s th e
surface to be painted or coated is at least 50°F above dewpoint . Inspectio n
should includ e mil-thicknes s testin g s o tha t adjustment s ca n b e mad e
where deficiencie s ar e noted .

Brushin g is recommende d for the first application o f most protectiv e
coatings to ensure intimat e contact of paint with the surface . Paintin g skill
will produc e a reasonabl e degree o f uniformit y withou t brushing the firs t
coat o n to o thinly . Rolle r coatin g an d spra y paintin g ma y b e effectivel y
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used fo r applicatio n o f coating s wit h uniformit y an d speed . Sprayin g
requires specialize d skill an d correc t equipmen t i n goo d condition . The
spray nozzle should be held perpendicula r t o the surface and about 8 to 10
in. (200 t o 250 mm) away . Unifor m application wit h systematic pattern s
should be used when coating an  area.

With we t techniques , coatin g wil l b e applie d wet , neve r partiall y
dried, when it reaches the surface . Applicatio n should proceed only unde r
suitable atmospheri c conditions . To  the exten t possible , eac h wor k are a
should be starte d and completed withi n one continuou s timeframe .

4.13.9. Cathodi c Protectio n

Buried and submerged metalwor k is subject to electrochemical dete -
rioratio n (corrosion) . Thi s i s a majo r maintenanc e and economic proble m
for man y irrigatio n and drainag e structures . Corrosio n o r oxidatio n o n a
metal surfac e submerged in wate r is an electrochemical reactio n i n which
the electrica l curren t flo w fro m meta l surfac e t o wate r result s i n meta l
loss. This phenomena can be eliminated b y stopping the flow of current .

Generally, this is accomplishe d by coating the metal surfac e to insu-
late i t fro m th e we t environmen t and b y imposin g a n electri c voltag e i n
opposition t o th e curren t flo w tha t cause s corrosion . Som e example s o f
other structure s tha t ca n b e protecte d b y cathodi c protectio n includ e un -
dergroun d metalli c conduit s an d undergroun d fuel storag e tanks .

Principles Involved

Corrosion an d cathodic protectio n involv e the same electrochemica l
principles at work in a primar y battery, of which the common dry cell is an
example. I n th e cell , a  direc t curren t flow s fro m th e anod e (whic h cor -
rodes), throug h the electrolyte to the cathode (which does not corrode). By
protectin g th e anod e o f a n electrolyti c o r galvani c cel l wit h a n externa l
anode, natura l corrosio n current s ar e neutralize d an d corrosio n doe s no t
take place . This ca n b e accomplishe d b y impressin g a  direc t curren t be -
tween the externa l anode and metal to be protected with a rectifie r or other
direct-curren t source .

Cathodi c protectio n ca n als o b e accomplishe d b y protectin g th e
anode of a primar y battery by proper selection of materia l for the externa l
anode. Suc h anode s ar e calle d galvani c o r sacrificia l anodes . Whe n a
submerged steel surfac e is receiving cathodic protection, a  protective fil m
of hydrogen , calcium carbonate , and other chemicals forms on the surfac e
of th e meta l an d i s constantl y renewe d b y keepin g th e meta l surfac e
charged cathodically .

A common practic e in arid areas or where relativel y larg e quantitie s
of curren t ar e require d i s th e us e o f anode s wit h a n impresse d current .
These anode s ar e constructe d o f materia l tha t i s deplete d slowl y wit h
curren t discharge . Examples of impressed curren t anodes are graphic , cast
iron, plutonium , and mixed metal oxides .

In tida l areas , a  commo n practic e is  to  use  one  or  mor e plates ,
usuall y zinc or magnesium , placed on the gate face. The resultin g galvani c
action on the anode necessitates replacemen t ever y 4 to 5 years. An anode
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made of zinc i s consumed a t the rat e of 26 Ib (57.2 kg ) per amp-yea r an d
magnesium a t 1 7 Ib (37.4 kg ) per amp-year . This method ha s bee n use d
successfull y o n the downstrea m side of salinity contro l structures . A  zinc
oxide paint , whic h ha s excellen t steel-adheren t qualitie s followe d b y a
coating of epoxy, is effectiv e i n furthe r protectin g th e gat e face as well as
extending the lif e of the anode .

Direct-curren t powe r fo r cathodi c protectio n i s supplie d b y a  recti -
fier wher e alternatin g curren t is readil y available . Where electric powe r is
not economicall y available , galvani c o r sacrificia l anode s ca n b e used .
Magnesium o r zin c ar e tw o type s o f anode s commonl y use d withou t a n
externa l sourc e o f power . Th e magnesiu m o r zin c anod e an d submerge d
steel surfac e to be protected constitut e a  galvanic cell .

Since magnesiu m o r zin c ha s a  highe r solutio n potentia l tha n th e
submerged stee l surface , a drivin g forc e o f approximatel y 1  volt an d 0. 5
volts i s obtaine d fro m thes e combinations , respectively , an d necessar y
cathodi c protectio n curren t flow s throug h th e circuit . A s thi s curren t
flows, th e anod e graduall y dissolves a t a  rat e proportiona l t o th e amoun t
of current .

In mos t cases, the us e o f cathodi c protectio n t o supplemen t regula r
surfac e coating s a s a  mean s t o increas e th e tim e betwee n recoating s i s
desirable . A s a  coatin g begin s t o fail , th e are a requirin g protectio n in -
creases. Experienc e ha s shown , however , tha t a  curren t o f appoximatel y
1 milliamper e per sq ft (11 milliampere s per sq meter ) of submerge d are a
to be protecte d is adequate .

Limitations and Problems

Where wate r levels var y i n a  submerge d structure , voltag e adjust -
ments ar e necessar y t o provid e adequat e protection . Th e voltag e ca n b e
adjuste d b y operatin g personne l o r automati c equipment .

The flowin g electric curren t must be carefull y confine d to wires and
anodes b y excellen t insulation ; otherwise , th e wir e itsel f wil l becom e a n
anode and corrode , interruptin g the flo w o f curren t to the anode .

There ar e instance s i n whic h cathodi c protectio n o f on e syste m o f
undergroun d an d underwate r metallic structure s mus t necessarily involv e
the protectio n o f othe r neighborin g structures . Thi s phenomeno n i s th e
result o f stra y curren t corrosio n (electrolysis) . Thes e facilitie s mus t b e
accounte d fo r i n desig n an d maintenanc e a s on e complet e system . Th e
corrosive natur e o f soil wil l var y fro m plac e t o place , accordin g t o soil
propensity t o carr y electri c current . Soi l electri c resistivit y shoul d b e
measure d at the poin t of installation .

Field Techniques

Most cathodi c protectio n installation s ar e accomplishe d b y contrac t
with supplier s an d equipmen t manufacturers . Th e maintenanc e o f thes e
facilitie s i s principall y on e o f inspecting , testing , an d analysi s o f th e
results . Obviously , good records ar e essential to successfu l use of cathodi c
protection . Change s i n electrica l potentia l ar e sometime s ver y gradual .
The anode s ar e dissipate d o n a generall y straight-lin e basis , and record s
are neede d to predic t when replacement s wil l be required .
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4.14. WELL S AND GROUND-WATER RECHARG E

4.14.1. Well s

The maintenanc e o f well s i s importan t t o maintai n wel l efficienc y
and prolon g the life of the well. Well maintenance may also requir e proper
closure an d sealin g whe n th e wel l i s beyon d it s usefu l lif e i n orde r t o
preven t accidents .

Removal o f encrustation s resultin g fro m minera l deposit s and/o r
biological activitie s i s a  primar y maintenanc e proble m associate d wit h
wells. Introductio n o f properl y designe d plasti c wel l screen s an d ne w
metal alloys hav e greatly reduce d the problems associate d wit h corrosion .
Periodic treatment s with chemicals and/o r jetting may be required to prop-
erly maintai n certain wells .

Regula r inspection s wit h well-kep t record s ar e essentia l t o goo d
maintenance . Inspections ca n be completed by means of lighted televisio n
cameras . However , the simplest metho d of determinin g the well conditio n
is with a hydrauli c test for specifi c well capacity . Efficienc y testing should
be a routin e procedur e in the maintenanc e of wells. Testing i s a method to
evaluat e economic s of wel l performance .

It is occasionally necessar y to add grave l to a gravel-envelope d well.
A chemica l analysi s o f wate r pumpe d fro m th e wel l i s als o importan t in
diagnosin g well problems .

4.14.2. Ground-Wate r Recharg e Facilities

Other feature s o f irrigatio n an d drainag e system s ma y includ e
ground-wate r recharg e basins o r spreading grounds . Maintenanc e of these
facilitie s include s remova l of silt, trappin g and remova l of gophers , dik e
sloping, an d wee d control . Frequen t inspectio n should  b e mad e o f an y
corrosion tha t migh t occu r t o flocculatio n agen t dispenser s i f thes e ar e
used to facilitat e removal of sediment in the water.

Injection well s can also be used in some instance s for the purpos e of
ground-wate r recharge . Maintenanc e o f injectio n well s generall y i s sim -
ilar t o tha t o f productio n wells . Regula r performanc e record s ar e als o
importan t to assess maintenanc e needs fo r these wells.

4.15. MAINTENANCE OF MECHANICAL, ELECTRICAL,

HYDRAULIC, AND ELECTRONIC EQUIPMENT

The equipmen t associate d wit h th e operatio n o f a n irrigatio n o r
drainag e developmen t generall y consist s o f mechanical , electrical , hy -
draulic , an d electroni c equipment . Most o f thi s equipmen t i s highl y spe -
cialized and vita l to operations . Because o f its specialize d nature , instruc-
tions regardin g its car e and maintenanc e are difficul t t o giv e in a manua l
such as this. Specifi c care and maintenanc e are usuall y described in bulle-
tins an d manual s furnishe d by manufacturers .

There are five reasons why equipment fails . Failure can be attribute d
to desig n faults , manufacturin g faults , installatio n faults , poo r mainte -
nance, and lac k of operatin g know-how.
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From tim e t o time , equipmen t wil l no t mee t th e specifi c agenc y
needs. Thi s frequentl y occur s whe n designer s ar e no t informe d suffi -
ciently t o understan d the functio n require d of the equipment . Manufactur -
ing fault s generall y occu r the least amon g the fiv e problem s encountered .
However, i t i s necessar y t o be diligen t i n watchin g for dangerou s defect s
at th e tim e o f installatio n an d durin g testin g o f th e equipment , whic h
should be done as soon a s possible afte r installation .

Good installatio n i s o f utmos t importance . Th e fina l resul t i s n o
better tha n th e qualit y o f installatio n work—excellen t design an d manu -
facturin g ca n be nullifie d by poor installation . O n the other hand , a good
installatio n staf f ca n ofte n correc t manufacturin g errors an d ofte n ca n
redeem a  poor desig n situation . Whereve r possible , the responsibilit y o f
the installer s shoul d exten d throug h testing . Equipmen t shoul d no t b e
officiall y turne d over to operation an d maintenanc e personnel unti l equip -
ment has been satisfactoril y tested an d perform s as desired .

In thi s connection , th e constructio n staf f shoul d includ e personne l
who ar e responsibl e fo r fina l correc t operatio n o f th e equipment , an d
installatio n staf f shoul d maintai n close liaiso n wit h bot h designer s an d
operatio n and maintenanc e people.

4.15.1. Recommende d Maintenance Procedure s

Afte r equipmen t i s installe d an d operational , manufacturer-recom -
mended maintenanc e procedure s shoul d b e strictl y followed . Goo d pre -
ventiv e maintenanc e is essentia l fo r efficien t operatio n o f an y typ e o f
equipment . Afte r equipmen t has been in service fo r an extended period o f
time o r usage , teardow n and inspectio n wit h replacemen t o f necessar y
component s is good practice .

4.15.2. Maintenanc e Shops , Equipment, an d
Supplies

Many factor s influenc e th e nee d an d exten t o f th e agenc y mainte -
nance center . Th e importan t factor s ar e th e geographi c locatio n o f th e
operatin g system , siz e an d machinery , and availabilit y an d dependabilit y
of commercia l concerns. Pipelin e distributio n systems havin g a large num-
ber o f pumpin g plant s ma y fin d i t advantageou s t o b e equippe d wit h a
complet e machin e shop fo r both electrica l and mechanica l work .

Machiner y fo r thi s typ e o f sho p include s hydrauli c presses, radia l
drill presses, shaf t alignmen t bench, impelle r balancin g machine , millin g
machine , lathes, a  steam cleaner, and bake oven for electric parts . Journey -
men machinist s and electrician s mus t be a part of this type of organization .
Adequat e warehousin g mus t als o b e availabl e fo r material s an d spar e
parts .

The availabilit y of material s o r supplies i s alway s a n importan t as -
pect o f a n effectiv e maintenanc e program . I n keepin g wit h th e typ e o f
maintenanc e progra m previousl y discussed , a  dependabl e warehousin g
progra m mus t be established an d maintained . Appendix G has examples of
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inventory an d materia l contro l form s fo r us e a s aids t o th e maintenanc e
superintendent in supplying his field crews with materials .

Useful lif e of equipment should be estimated and replacement shoul d
be programmed . It may be prudent , depending upo n availability fro m th e
manufacturer , to warehouse some parts and components of equipment tha t
are especially vita l to operations .

4.15.3. Gat e Control Structure s

Manual and automatic control facilitie s includ e mechanical , electri -
cal, and electronic equipment . Moving components o f the gat e should b e
lubricated periodically , an d gat e hoists operate d throughou t thei r entir e
operating range s frequentl y t o assur e continue d operationa l reliability .
This i s particularl y necessary fo r splash systems i n order to preven t rust ,
which can readil y occur in humid areas, an d to fre e debri s tha t can accu-
mulate whe n equipmen t i s no t i n use . Emulsion-typ e lubricatio n oi l i s
standar d i n thes e application s becaus e o f it s abilit y t o absorb condensa -
tion.

Gate vibratio n ca n b e a  proble m wit h guid e wheel s o n automati c
gates. Thi s ca n b e largel y eliminate d wit h seale d bearing s tha t requir e
infrequen t lubricatio n and by case-hardene d wearin g surfaces .

Periodic inspectio n o f spillwa y gate s an d test s o f operatin g equip -
ment shoul d b e mad e b y a n enginee r o r a  mechani c familia r wit h th e
purposes o f th e equipment . Trashrack s shoul d b e cleane d o f debri s an d
accumulate d sediment , and metalwor k should b e painte d to preven t rust -
ing.

Inlet an d outle t gate s and valves should b e tested regularl y to make
sure gates and valves wor k freely. Like gates, valve s should be exercise d
periodicall y t o determin e that the valves ar e in good operatin g condition .
All mechanica l equipmen t shoul d b e lubricate d an d service d i n accor -
dance with manufacture r o r designer instructions .

4.15.4. Combustio n Engines

Detailed instruction s for maintainin g combustion engines wil l gener-
ally b e adequatel y furnishe d by th e manufacture r supplyin g th e engine .
These instruction s shoul d b e followe d an d th e manufacture r contacte d
when unforesee n problems arise .

Many agencie s mak e it a practice to periodically operat e the engin e
even thoug h th e functio n fo r whic h th e engin e wa s installed i s unde r a
"no-operation" condition . Suc h a  procedur e i s recommende d t o assur e
operatio n in an emergency.

4.15.5. Genera l Electrica l Maintenance

This is a broad subject and maintenance procedures will depend upon the
type o f system installed. Manufacture r bulletins an d instructions should b e
included i n agency files for reference and guidance. However, maintenance
frequently consists o f replacement of wiring due to insulation breakdown. In
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the case of motors, it is advisable to have space heaters inside the housing to
reduce such insulation problems. Heaters of 25 to 30 watts also can reduce the
insulation and moisture problems that cause fault s in automatic control hous-
ings.

Frequent inspectio n o f electrica l equipmen t an d powerline s shoul d
be routin e on any system, an d the agency should b e staffe d with qualifie d
repair an d servicin g personnel , o r suc h personne l shoul d b e availabl e
nearby.

An electrica l maintenanc e program can be divided into three types :

• Correctiv e or breakdow n maintenance—Repairin g equipmen t afte r
an in-service failure .

• Preventiv e o r planne d maintenance—Schedule d inspection,  lubri -
cation, adjustment , testing, and  repair of  equipment components to
prevent in-service failure .

• Predictiv e maintenance—Inspection s an d tests tha t ca n predic t
which component s mus t be repaired o r replaced t o ensure trouble -
free operatio n o f the equipment .

Preventiv e maintenanc e ha s severa l advantage s ove r breakdow n
maintenance . On e o f thes e advantage s is th e eliminatio n of man y break -
downs whe n the equipmen t is urgentl y needed fo r service . I n addition , i t
can als o b e mor e economical ; substitutin g mino r repair s fo r majo r ones .
This help s kee p electrica l system s i n good operatin g conditio n an d pro -
motes highe r operatin g efficiency . Performin g maintenanc e on a  preven -
tive basis permit s orderly budgetin g and manpower planning and provide s
informatio n fo r a realistic stoc k of spare parts .

Agencies tha t propose t o establis h thei r ow n electrica l departmen t
will fin d tha t tes t instrument s suc h a s a  digita l V-O- M instrumen t (fo r
extreme accuracy) , power drive n megger, D- C dielectric tes t set , portabl e
alternator , A-C vol t ammeter , variable frequenc y generator, portabl e A- C
ammeter , portabl e A- C voltmeter , portabl e oi l tester , vibrometer , an d
small portabl e vacuu m cleane r and air compressor shoul d b e par t of elec -
tricia n maintenanc e equipment. Some manufacturer s offe r specia l trainin g
courses i n th e us e o f thei r instruments . Sendin g technician s t o thes e
schools i s certainl y a worthwhil e investment and a necessity .

A word of caution , however—preventiv e maintenanc e can be carried
to the point where its cost exceeds periodic replacemen t of the component .
For example , annua l cleaning an d regreasing o f bal l bearing s i n a  smal l
electric moto r may exceed th e cost o f replacing th e bearings ever y 2  or 3
years. In fact , small motors o n ventilatin g fan s often can be replaced afte r
breakdow n for less cost tha n periodic service .

4.15.6. Servicing , Performance , and Replacement
Records

Several form s used by variou s agencies ar e include d in Appendi x G
and ar e self-explanatory . The fac t tha t suc h form s ca n b e foun d in mos t
maintenanc e office s attests to the importanc e of adaptin g similar forms for
use.
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