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SECTION 33 73 00.00 40

UTI LI TY TRANSFORMERS
11/14

NOTE: This guide specification covers the

requi renents for station power transforners, single-
and three-phase. |Indicate rating, size, and
installation details on draw ngs.

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

Renmove information and requirements not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmmended changes for
this gui de specification are wel cone and shoul d be
submitted as a Criteria Change Request (CCR).
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PART 1 GENERAL
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NOTE: [If Section 26 00 00.00 20 BASI C ELECTRI CAL
MATERI ALS AND METHODS is not included in the project
specification, insert applicable requirenments and
del ete the foll owi ng paragraph

*% *% *% *% *% *% *% *% *%%

Section 26 00 00.00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS applies to
work specified in this section

1.1 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
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the text by basic designation only and listed in
thi s paragraph by organi zati on, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a Reference ldentifier (RID) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard's Check Reference feature
to update the issue dates.

Ref erences not used in the text are automatically
deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

ASTM | NTERNATI ONAL (ASTM

ASTM A345 (2014) Standard Specification for
Flat-Roll ed Electrical Steels for Mgnetic
Applications

ASTM B48 (2000; R 2016) Standard Specification for

Soft Rectangul ar and Square Bare Copper
Wre for Electrical Conductors

ASTM D117 (2018) Standard Guide for Sanpling, Test
Met hods, and Specifications for Electrical
I nsul ating Liquids

ASTM D1533 (2012) Standard Test Method for Water in
Insul ating Liquids by Coul ometric Karl
Fi scher Titration

ASTM D3487 (2016; E2017) Standard Specification for
M neral Insulating Gl Used in Electrical
Apparatus

ASTM D3612 (2002; R 2017) Standard Test Method for

Anal ysis of Gases Dissolved in Electrical
Insulating G| by Gas Chromat ography

ASTM D877 (2002; R 2007) Standard Test Method for
Di el ectric Breakdown Vol tage of Insulating
Li qui ds Using Di sk El ectrodes

ASTM D92 (2012a) Standard Test Method for Flash and
Fire Points by Cl evel and Qpen Cup Tester

ASTM D924 (2008) Standard Test Method for
Di ssi pation Factor (or Power Factor) and
Rel ative Permittivity (Dielectric
Constant) of Electrical Insulating Liquids
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ASTM D974 (2014; E 2016) Standard Test Method for
Aci d and Base Nunber by Col or-1 ndi cat or
Titration

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGQ NEERS ( | EEE)

| EEE 62 (1995; R 2005) Guide for Diagnostic Field
Testing of Electric Power Apparatus-Part
1: Gl Filled Power Transforners,
Regul ators, and Reactors

| EEE C37.121 (2012) Anmerican National Standard for
Swi tchgear-Unit Substations - Requirenents

| EEE C57.12. 00 (2015) Ceneral Requirenents for
Li qui d- I mmersed Distribution, Power, and
Regul ating Transforners

| EEE C57.12.10 (2017) Requirenents for Liquid-Imersed
Power Transforners

| EEE C57.12. 80 (2010) Standard Termi nol ogy for Power and
Di stribution Transforners

| EEE C57.12. 90 (2015; Corr 2017) Test Code for
Li qui d- I mmersed Distribution, Power, and
Regul ati ng Transformers

| EEE C57.19. 00 (2009; INT 1 2009; Errata 2010) Standard
CGeneral Requirenents and Test Procedures
for Qutdoor Power Apparatus Bushings

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2;
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6;
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10;
TIA 17-11; TIA 17-12; TIA 17-13; TIA
17-14; TIA 17-15; TIA 17-16; TIA 17-17 )
Nati onal Electrical Code

.2  ADM NI STRATI VE REQUI REMENTS

.2.1 Pre-Installation Meeting

Wthin [30] [__ ] cal endar days after [date of award] [date of receipt by

hi m of notice of award], submit for the approval of the Contracting Oficer

[six (6)] [___ ] copies of specified drawings of all equipnment to be

furni shed under this contract, together with weights and overall

di nensions. Subnit the foll owing data and draw ngs:

a. Connection diagrans

b. Fabrication draw ngs

c. Installation draw ngs

Submi t Equi pment and Perfornmance Data for the followi ng itens including

life, test, systemfunctional flows, safety features, and nechani cal
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1

aut onat ed details.

a. Power transforners

b. Transformer tanks

c. Bushings

d. Enclosures

e. Coils

f. Automatic |oad-tap changi ng equi pnent
g. Accessories

h. Equi prrent foundation data

Subnmit factory test reports for the followi ng tests on power transforners
in accordance with | EEE C57.12.90 and | EEE C57.12. 00, Table 16.

a. High-voltage tests

b. Insulation-resistance test

c. Tenperature-rise tests

d. Insulation power factor

e. Q1 power factor

f. Inpulse Tests

g. |Inpedance and | oad | osses

h. Sound tests

i. Bushing tests

j. Short-circuit tests

Submittal of certificates of conpliance of previous tests on sinmilar units
(type-testing) under actual conditions for tenperature-rise tests, bushing
tests, inmpulse tests, and short-circuit tests in lieu of factory tests on
actual units furnished is acceptabl e upon approval

Submit manufacturer's instructions for the power transforners including
special provisions required to install equi pnent conponents and system
packages. Provide special notices that detail inpedances, hazards and

saf ety precautions.

3 SUBMITTALS

NOTE: Review Subnmittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmittals
required for the project.

SECTI ON 33 73 00.00 40 Page 6



The Guide Specification technical editors have
designated those itens that require Governnent
approval, due to their conplexity or criticality,

with a"G"
revi ewed by t

General ly, other subnmittal itens can be
he Contractor's Quality Control

System Only add a “G to an item if the submttal

is sufficient
t he project.

For subm ttal

Iy inmportant or conplex in context of

S requiring CGovernnent approval on Arny

projects, use a code of up to three characters
within the submttal tags following the "G

designation t

o indicate the approving authority.

Codes for Arny projects using the Resident
Managenment System (RMS) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neeri ng
District Ofi
Resident Ofi

Division or other organization in the
ce); "AO' for Area Ofice; "RO for
ce; and "PO' for Project Ofice. Codes

following the "G' typically are not used for Navy,
Air Force, and NASA projects.

An "S" following a subnittal itemindicates that

the subm ttal
eNot ebook to
requirenments

is required for the Sustainability
fulfill federally mandated sustai nable
in accordance with Section 01 33 29

SUSTAI NABI LI TY REPORTI NG. Locate the "S" submttal

under the SD

number that best describes the

submttal item

Choose the fi
and NASA proj

rst bracketed itemfor Navy, Air Force
ects, or choose the second bracketed

itemfor Army projects.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkk
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Governnment approval is required for submttals with a "G' designation;

submittals not having a

"G' designation are [for Contractor Quality Control

approval . ][for information only. Wen used, a designation follow ng the
"G' designation identifies the office that reviews the submittal for the
Government.] Submittals with an "S" are for inclusion in the

Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG. Submit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Connection Diagrans[; C, [ 1110 Adl; &6 [_—__11

Fabrication Drawings[; C[, [ 1110; 4Il; 6 [____11

Install ati on Dr

SD- 03 Product Data

awings[; C[, [___]]]

Power Transformers[; G, [___ 111

Transformer Tanks[; ¢, [___ 111

Bushi ngs[; ([,

111
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Enclosures[; ¢, [___ 111
Coils[; ¢, [____11]
Aut omati ¢ Load- Tap Changing Equiprent[; ¢, [___ 111
Accessories[; ¢, [___ 111
Equi prent Foundation Data[; C[, [___ 1]]
Manuf acturer's Catalog Data[; C[, [___ ]1]]
SD-06 Test Reports
Factory Test Reports
Hi gh-Vol tage Tests[; G, [___ 111
I nsul ation-Resistance Test[; ¢, [___ 1]]
Tenperature-Rise Tests[; ¢, [___11]
I nsul ati on Power Factor[; C[, [___ 111
Ol Power Factor[; ¢, [___ 111
I npul se Tests[; C[, [___ 111
I npedance and Load Losses[; G, [__ 111
Sound Tests[; C[, [___ 111
Bushing Tests[; G, [___ 111
Short-Circuit Tests[; C, [___ 111
SD-07 Certificates
Certificates of Conpliance[; ¢, [__ ]]1]
SD- 08 Manufacturer's Instructions
Power Transformers[; ¢, [____11]
SD-09 Manufacturer's Field Reports
I nsul ati on Power Factor[; C[, [___ 111
Ol Power Factor[; ¢, [___ 111
Ol Acidity Test[; ¢, [___ 111
Water-in-oil (Karl Fischer) Tests[; ¢, [___ 111
Di ssol ved Gas Analysis[; ¢, [___ 111

Turns Ratio Tests[; ¢, [___ 111
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1

1

SD-10 Operation and Mai ntenance Data

Power Transformers[; C[, | 111

Aut omati ¢ Load-tap Changi ng Equi pment[; C[, | 111

Space Heaters[; C[, [ 111
4  QUALITY CONTRCL
4.1 Manuf acturers Qualifications
Provide material and equi pnent under this specification that is the
standard catal og product of a nmanufacturer regularly engaged in the
manufacture of oil filled transformers and their conponent parts and
equi prrent. Provide equi pnent that is of the |atest standard design for

out door service and has been in repetitive nmanufacture for at |east 150
units.

. 4.2 Certificates of Conpliance

Submit certificates of conpliance of previous tests on sinilar units under
actual conditions for tenperature rise, bushing tests, and short-circuit
tests in lieu of factory tests on actual units furnished is acceptabl e upon
approval.

.5 DELI VERY, STORAGE, AND HANDLI NG

Ship no transforner to the site until all factory tests and their results
are approved by the Contracting O ficer and the equi pnent is inspected and
approved by the Contracting Oficer unless he has given the manufacturer a
witten waiver.

After the transformer arrives on site the Government will perform an

i nsul ation power factor test and take an oil sanple for a dielectric test,
di ssol ved gas analysis, water-in-oil (Karl Fischer) test, oil acidity test,
and PCB content determ nation

PART 2 PRODUCTS

2.

2.

1  SYSTEM DESCRI PTI ON
1.1 Desi gn Requi renents

Provi de station power transformers with primary connections to [overhead]

[ under ground] high-voltage incom ng lines and [bus connected secondary]

[ secondary connections to underground cabl es] [secondary connections to
underground distribution lines] that are two-w nding, three-phase, 60-hertz
(Hz), oil-imersed, 55/65-degree Crise, self-cooled, Cass OA or
forced-air-cooled Cass QA FA, or forced-air-oil-cooled Cass QA FA FOA

out door type conformng to | EEE C57.12.00 and | EEE C57.12. 80.

Subnmit connection diagrans for power transforners, cores, coils and
automati c | oad-tap changi ng equi pnent. Provide connection di agrans that
indicate the relations and connections of the follow ng itens by show ng
the general physical layout of all controls, the interconnection of one
system (or portion of systen) with another, and internal tubing, wring,
and ot her devi ces.
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Subnmit fabrication drawi ngs for power transforners, transformer tanks,
bushi ngs, encl osures, cores, coils, automatic |oad-tap changi ng equi prent
and accessories. Provide fabrication draw ngs that consist of

manuf acturers original fabrication and assenbly details to be performed at
the factory for the project.

Provi de power transforners, transforner tanks, bushings, enclosures, cores,
coils, automatic | oad-tap changi ng equi pnent and accessories that neet or
exceed specified nmaterial and performance requirenents and reference
standards.

Submit manufacturer's catal og data for power transformers, transforner
tanks, bushings, enclosures, cores, coils, automatic |oad -tap changing
equi prent, sheet netal and accessories.

Provi de equi pnent foundation data for power transforners that includes plan
di mensi ons of foundations and rel ative el evati ons, equi pnent wei ght and
operating | oads, horizontal and vertical |oads, horizontal and vertica
clearances for installation, and size and |ocation of anchor bolts.

1.2 Per f or mance Requi renents
.1.2.1 Impedance

Provi de percent inpedance voltage at the self-cooled rating in accordance
with | EEE C57. 12. 10.

.1.2.2 Short-Circuit Wthstand

Provi de transforners capabl e of wthstanding, w thout injury, the
mechani cal and thermal stresses caused by short circuits on the externa
terminals of the | ow voltage wi ndings in accordance with | EEE C57.12. 00.

.1.2.3 Vol t age Rati ngs

Provide primary voltage section that is rated for connection to [69, 000]
[ 115, 000] [138,000] [230,000] volt, three-phase, 60 Hz power distribution
systems.

Provi de secondary voltage section that is [13,800] [13,200] [12,470]
[ ] volt, three-phase, 60-Hz, for connection to solidly grounded power
distribution systens.

.1.2.4 I nsul ation C ass
Insulate transformer primary wi ndings for [69,000] [115, 000] [138, 000]

[ 230, 000] | ] volts for connection to [69,000] [115,000] [138, 000]
[ 230, 000] | ] volt, three-phase, 60-Hz, power transm ssion systens.

.1.2.5 Basi ¢ | nmpul se I nsul ation Levels

Provi de basic inmpulse insulation |evels of the incomng and transform ng
sections of the transforner in accordance with | EEE C37.121

.2 FABRICATION

2.1 Painting

*% *% *% *% *% *% *% *% *% *% *% *% *%%
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NOTE: For all outdoor applications and all indoor
applications in a harsh environnment refer to Section
09 96 00 H GH PERFORVANCE COATI NGS. High
performance coatings are specified for all outdoor
applications because ultraviol et radiation breaks
down nobst standard coatings, causing a phenonena
known as chal king, which is the first stage of the
corrosion process. For additional information
contact The Coatings Industry Alliance, specific
suppliers such as Keel er and Long and PPG, and NACE
I nt ernati onal (NACE)

*% *% *% *% *% *% *% *% *% *% *% *% *%%

After fabrication, clean and paint all exposed ferrous netal surfaces of
the transformer and conponent equi pnent. Provide the transformer with the
standard finish by the manufacturer when used for nost indoor
installations. For harsh indoor environments (any area subjected to

chemi cal and/or abrasive action), and all outdoor installations, refer to
Section 09 96 00 H GH PERFORMANCE COATI NGS

2.3 COMPONENTS

Provide transformers that include a core and coil assenbly enclosed in a
sealed airtight and oiltight tank, with accessories and auxiliary equi pnent
as indicated and specified.

2.3.1 Tank

Provide transformer tank with walls, bottom and cover fabricated from
hot-rolled steel plate with cooling tubes or radiators vertically nounted
to the side walls of the tank

Provi de transforner tank that is welded construction with rectangul ar base
designed for rolling in the direction of the centerline of the bushing
segments.

[ Provide tank that has a manhole in the cover. Provide circular manhol es
that are not less than 390 nillimeter 15 inches in diameter. Provide
rectangul ar or oval manholes that are not |ess than 250 by 400 millineter
10 by 16-i nches.

]l Provide tank that has a handhole in the cover. Provide circular handhol es
that are not less than 150 nmillinmeter 6-inches diameter. Provide
rect angul ar handhol es that are not |less than 115 nillineter 4-1/2-inches
wi de and that have an area of not |ess than 42000 square millineter
65-square inches.

] Provide lifting, noving, and jacking facilities conformng to | EEE C57.12. 10.
Provi de transforner base that is designed to provide natural draft
ventilation under the transformer tank when the transformer is placed on a
flat concrete foundation. Undercoat the bottom of the transforner tank
with a heavy rubberized protective sealing material at least 0.8 mllineter
1/ 32 inch thick.

[ Weld cooling tubes into headers which in turn are welded into the
transformer tank wall.

] Provide a seal ed-tank oil-preservation systemthat seals the interior of

SECTION 33 73 00.00 40 Page 11



the transfornmer fromthe atnosphere throughout tenperatures ranging to 100
degrees C. Provide constant gas and oil volume with internal gas pressure
not exceedi ng 69 kil opascal positive or 55 kil opascal negative. 10 pounds
per square inch, gage (psig) positive or 8-psig negative. Mke provision
for the relief of excessive internal pressure in the transforner tank, by
the installation of a pressure relief valve.

Provide a conpletely assenbled transforner that is designed to wthstand,
wi t hout pernanent deformation, a pressure 25 percent greater than the
maxi mum operating pressure of the seal ed-tank oil-preservation system

Provi de spare nounting gaskets for all bushings, term nal chanbers
handhol es, and the gasket between the relief cover and flange on the
pressure relief valve

.3.2 Bushings

Terminate prinmary wi ndings of the transfornmer in cover-nounted high-voltage
bushings. Term nate secondary wi ndings of the transformer in sidewal

bushi ngs enclosed with throats or flanges that are an integral part of the
transforner and terninal chanbers for electrical connections to the
underground distribution system Provide sane insulation class of bushings
as the insulation class of the windings to which they are connect ed.
Provide el ectrical characteristics of transforner bushings in accordance
with | EEE C57.12.00. Provide dinensions of transformer bushings in
accordance with | EEE C57. 19. 00.

.3.3 Cores

Provide cores that are built up with | anmi nated, nonagi ng,

hi gh-perneability, grain-oriented, cold-rolled, silicon sheet steel

Ensure |l aninations are coated with an insulating filmor finish to minimze
eddy-current |osses. Ensure sheet steel confornms to ASTM A345.

.3.4 Coils

Provi de high- and | owvoltage coil sections that consist of insulated
copper conductors wound around the core. Provide coil sections that are
[concentric] [rectangular] to counteract forces incurred under
short-circuit conditions. Provide coil sections with oil ducts to dissipate
the heat generated in the windings. Provide coil sections that are
electrically connected together and to the respective termi nal bushings of
the transforner. Ensure copper conductors in the high- and | owvoltage
coil sections conformto ASTM B48, Type B for applications involving
edgew se bendi ng.

Provide primary winding of the transforner that is equipped with four 2.5
percent full-capacity taps, two above and two bel ow nornmal voltage, brought
out to an externally operated nanual tap changer. Provide tap changer
handl es capabl e of being padl ocked in each tap position and is operable
when the transforner is deenergized.

.3.5 Cool i ng Provi sions

Provide radiators that are detachable all-welded [m|d steel] [hot-dipped
gal vani zed steel] construction, with top and bottom connections to the
transforner tank wall. Provide tank wall top and bottom connections to
radi ators that are equi pped with valves that permit renoval of radiator
wi thout draining oil fromthe transformer tank.
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I Provide transforner that is equipped with automatically controlled fans to
provide forced-air-cooled transformer ratings in accordance with
| EEE C57.12.10. Provide equipnent that includes a thernally operated
control device, manual |y operated bypass switch, notor-driven fans, and
el ectrical conduit and wire connections.

I Make provision for future installation of automatically controlled
nmotor-driven fans to give forced-air-cool ed transfornmer ratings conformng
to | EEE C57.12.10. Provide necessary mechani cal arrangenments for a
thermal |y operated control device to be nounted in a well for top
| iquid-tenperature control as described in | EEE C57.12.00. Make provision
for the future nounting of control cabinets, conduit, and fans.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkik

NOTE: When fans are to be provided, select fromone
of the two follow ng paragraphs.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

[ Provide a thermally operated control device that consists of a top oi
tenperature relay with a thernal elenment nounted in a well responsive to
the top liquid-level tenperature of the transforner.

Il Provide thermally operated control device that consists of a hot-spot
tenperature relay with thernal elenent nmounted in a well and a bushi ng type
current transformer. Add energy fromthe current transformer to the top
oil tenperature of the transformer to indicate the sinulated hot-spot
condition in one phase of the transforner w nding.

] Provide well that confornms to | EEE C57.12.00. Connect nmnual |y operated
bypass switch in parallel with the automatic control contacts and encl ose
in a weat herproof cabinet |ocated on the side of the transfornmer at a
hei ght not greater than 1500 millinmeter 60-inches above the concrete
foundation. Provide fan nmotors that are [230] [120] -volt, single-phase,
60-hertz, without centrifugal switch and are [individually fused]
[thermal | y] protected.

2.3.6 Aut omat i ¢ Load- Tap Changi ng Equi prent

*kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: Delete the follow ng paragraphs if automatic
| oad-tap changers are not applicable to the project.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide transfornmer that is equipped with three-phase automatic |oad-tap
changi ng equi pnent that provides 10 percent voltage adjustnent in 16 equa
st eps above and bel ow rated secondary voltage in accordance with

| EEE C57.12. 10.

Provi de | oad-tap changi ng equi pnent that consists of an arcing tap switch
or tap selector and arcing switch, a notor-driving mechani sm position

i ndi cator, and automatic control devices contained in weather proof

encl osures mounted on the sidewalls of the transformer tank

Locate arcing tap switch or tap selector and arcing switch in one or nore
oil -imersed wel ded steel plate conpartnents. Conpartnents have renovabl e,
bol ted, external access covers, drain and sanpling valve, filling plug, and
magnetic |iquid-level gage. Make provision for the escape of gas generated
by the arcing contacts. |Isolate oil in the arcing switch conpartnment from
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2.

the oil within the transfornmer tank

Provide a notor-drive nmechanismthat is equipped with a 120-volt,

si ngl e-phase, 60-hertz motor and [ hand crank] [hand wheel] for automatic
and nanual operation of the driving nechanism Provide nechanically
operated electric limt switches to prevent overtravel beyond the maxi mum
| ower and rai se positions.

House automatic control devices in a weatherproof sheet netal cabinet with
breat her and hi nged doors to provide access to the control devices. Mke
provi sions for padl ocks.

Provi de automatic control devices that include a voltage-regulating rel ay,
time delay, manual /automatic selector switch, |ine-drop conpensator
paralleling switch, current transforners, reactance reversal contro

swi tch, operation counter, current and potential test term nals, |anpholder
and switch, heater and switch, convenience outlet, and protective devices
in accordance with | EEE C57.12.10, Section 26 05 70.00 40 H GH VOLTAGE
OVERCURRENT PROTECTI VE DEVI CES and Section 26 05 71.00 40 LOW VOLTAGE
OVERCURRENT PROTECTI VE DEVI CES.

Make provision for the accurate alignment, positioning, and |ocking of
arcing contacts in each tap position. Wen the |oad-tap changi ng equi pnent
is on a tap position at or above rated secondary voltage, provide a
transfornmer that is capable of supplying its rated kVA

.3.7 Insulating G|

Ensure insulating oil conforns to ASTM D3487 with inhibitor. Provide
dielectric strength of transformer oils, when shipped, that is not |ess
than 28 kV when neasured in accordance with ASTM D117. Ensure the
Neutralization Nunmber is not greater than .03 gm KOH/ m when neasured in
accordance with ASTM D974. Provide emulsified water that does not exceed
25 ppm at 20 degrees C68 degrees F when nmeasured in accordance with

ASTM D1533. Provide power factor that does not exceed 0.5 percent at 20
degrees C68 degrees F when neasured in accordance with ASTM D924.

Provi de a non-propagating high fire point transformer insulating liquid
having a fire point not |ess than 300 degrees C572 degrees F when tested
per ASTM D92. Ensure liquid has a dielectric strength not less than 33
kil ovolts when tested in accordance with ASTM D877 and NFPA 70.

.4 ACCESSORIES

Provi de transforner accessories that include a |iquid-Ievel indicator,
|'iquid-tenperature indicator, pressure/vacuumgage, drain and filter
val ves, ground pads, and identification plate. Ensure transforner
accessories and their locations conformto | EEE C57.12. 10.

Locate the nitrogen fill valve above the transfornmers liquid |evel

4.1 Space Heaters

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: | ncl ude paragraphs SPACE HEATERS and EXTERNAL
VOLTAGE SOURCE for outdoor transformers that utilize
stress cones for terminating nedi umvol tage power
cables. Include space heaters in secondary
conpartnent at the request of nmaintenance and

SECTION 33 73 00.00 40 Page 14



operations personnel. Space heaters prevent
noi sture build-up in ventilated conpartnents.

Watt age supplied by heaters is one-fourth of heater
nanepl ate rati ng when 240-volt heaters are operated
at 120-volts.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Equi p primary [and secondary] cable term nation conpartnent with externally
energi zed space heaters. Ensure heaters generate approximtely 40 watts
per square neter 4 watts per square foot at the outer surface area.

Provi de heaters that have a power density that does not exceed 4 watts per
645 square nmillinmeter square inch of heater elenment surface. Provide
heaters that are rated at 240-volts for connection to 120-volts. Locate
heaters at the |l owest portion of each space to be heated. Cover

termnals. Use thernostats to regul ate the tenperature.

Provide installed and operable heaters at the tine of shipment so that the
heaters can be operated i mediately upon arrival at the site, during
storage, or before installation. Provide connection |ocations that are
mar ked proni nently on draw ngs and shipping covers and that have tenporary
| eads for storage operation. Ensure |leads are easily accessible w thout
havi ng to renove shi pping protection.

. 4.2 Ext ernal Vol tage Source

Group together all externally powered wiring to the switch as nuch as
possi bl e and connect to a terminal block which is marked with a | am nated
pl astic naneplate having 5 mllineter 3/16-inch high white letters on a red
background as foll ows:

DANGER - EXTERNAL VOLTAGE SOURCE

Provide externally powered wiring that includes 120-volt unit space heaters
[, tenperature alarmdevices] [, fans] [, ] [, and] [instrunmentation
circuits].

.4.3 Miscellaneous

Include the follow ng transformer accessories, a |liquid-Ilevel indicator
| iquid-tenperature indicator, pressure/vacuumgage, drain and filter
val ves, ground pads, and identification plate. Provide transfornmner
accessories and their locations that conformto | EEE C57.12. 10.

Transformer kil ovolt-anpere (kVA) ratings are continuous and are based on
tenperature-rise tests. Do not exceed tenperature linits when the
transformer is delivering rated kVA output at rated secondary voltage in
accordance with | EEE C57.12. 00.

.5 FACTORY TESTI NG

Provide tests on transformers that include insulation-resistance tests of
the windings, turns ratio tests, polarity and phase rotation tests, no-I|oad
| oss at rated voltage, excitation current at rated voltage, inpedance and

| oad | osses at rated current, insulation power factor tests, inpulse tests,
tenperature rise test, short circuit test, oil power factor tests, oi
acidity tests, water-in-oil (Karl Fischer) tests, dissolved gas analysis,
sound tests, dielectric tests, and bushing tests. Conduct Factory Test
Reports in accordance with | EEE C57.12. 90, | EEE 62, ASTM D3612, and
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| EEE C57.12.00, Table 16. Maxi mum acceptable insulation power factor is .5
percent for mneral oil insulated transfornmers.

Provi de manufacturer certification that the insulating oil contains no
PCB's and affix a label to that effect on the transformer tank and on each
oil drumcontaining the insulating oil.

PART 3 EXECUTI ON
3.1 INSTALLATION

Install transformers as indicated and in accordance with the manufacturer's
recommendati ons. Ground transformer tanks

Provide installation drawi ngs for the secondary unit substation. |nclude
compl ete details of equi pnent | ayout and design on the draw ngs.

3.2 FI ELD QUALI TY CONTROL
3.2.1 Tests

Di sconnect primary winding of the transformer fromthe power supply, and
ground the secondary wi ndings of the transforner, before conducting
i nsul ation and hi gh-voltage tests on primary w ndi ngs.

D sconnect secondary wi nding of the transforner fromthe secondary feeder
cabl es, and di sconnect the primary wi nding of the transforner fromthe
power supply and ground, before conducting insulation and hi gh-voltage
tests on secondary w ndi ngs.

G ve windings of the transfornmer an insulation-resistance test with a
5,000-volt insulation-resistance test set.

Apply tests for not less than 5 minutes and until 3 equal consecutive
readings, 1 mnute apart, are obtained. Record readings every 30 seconds
during the first 2 mnutes and every mnute thereafter. M ninum acceptabl e
resistance is 100 megohns.

Upon satisfactory conpletion of the insulation resistance tests, give the
transforner w ndings an insulation power factor test and an excitation
test. Maxi num acceptable power factor is 0.5 percent. Excitation results
vary due to the ampunt of iron and copper in the w ndings and are used for
basel i nes only.

Conduct a turns ratio test on the transformer. Provide readings within 1/2
percent of each other.

Upon satisfactory conpletion of the above electrical tests, give the
transformer the following oil tests: Power factor, neutralization nunber,
Karl Fischer, Dissolved gas analysis, and dielectric. Provide results as
follows:

Power Fact or | ess than .5 percent at 20 degrees C
Karl Fi scher | ess than 25 ppm at 20 degrees C
Neut ral i zati on Nunber | ess than .03 gm KOH n

Di el ectric greater than 33kV

Di ssol ved Gas Conbustibles 1less than 1000 ppmtota

Fi nal acceptance depends upon the satisfactory performance of the equi pnent
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under test. Do not energize transforner until recorded test data has been
approved by the Contracting Oficer.

3.3 CLOSEQUT ACTI VI TI ES

3.3.1 Test Reports
Provide final test reports to the Contracting Officer. Provide reports
that have a cover letter/sheet clearly marked with the System name, Date,
and the words "Final Test Reports - Forward to the Systens
Engi neer/ Condition Monitoring O fice/Predictive Testing Group for inclusion
in the Mintenance Dat abase."

3.3.2 Maintenance
Submit operation and naintenance nmanual s for the foll owi ng equi pment:
a. Power transforners
b. Automatic |oad-tap changi ng equi prent

[ c. Space heaters]

-- End of Section --

SECTION 33 73 00.00 40 Page 17



