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NOTE: This guide specification covers the

requi renents for netal -encl osed shunt capacitor

equi pnment. Ensure drawi ngs show vol tage and kil ovar
rati ngs and mounting and connection details.

Adhere to UFC 1-300-02 Unified Facilities Cuide
Speci fications (UFGS) Format 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
items, choose applicable iten(s) or insert
appropriate informtion.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)
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PART 1 GENERAL

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
the text by basic designation only and listed in

t hi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature

when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically
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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 will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by
t he basic designation only.

ASTM | NTERNATI ONAL ( ASTM

ASTM A240/ A240M (2023) Standard Specification for Chrom um
and Chrom um N ckel Stainless Steel Plate,
Sheet, and Strip for Pressure Vessels and
for General Applications

ASTM A480/ A480M (2023a) Standard Specification for CGeneral
Requi renents for Flat-Rolled Stainless and
Heat - Resi sting Steel Plate, Sheet, and
Strip

ASTM A1008/ A1008M (2021a) Standard Specification for Steel,
Sheet, Col d-Rolled, Carbon, Structural,
Hi gh-Strength Low Al |l oy, High-Strength
LowAlloy with Inproved Formability,
Sol uti on Hardened, and Bake Hardenabl e
ASTM B187/ B187M (2020) Standard Specification for Copper,
Bus Bar, Rod and Shapes and Cener al
Pur pose Rod, Bar and Shapes
I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)
| EEE 18 (2012) sStandard for Shunt Power Capacitors
| EEE C2 (2023) National Electrical Safety Code
NATI ONAL AERONAUTI CS AND SPACE ADM NI STRATI ON ( NASA)

RCBEA GUI DE (2004) NASA Reliability Centered Buil di ng
and Equi pnent Acceptance Cui de

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

NFPA 70 (2023; ERTA 4 2023) National Electrical
Code

UNDERWRI TERS LABORATORI ES (UL)

UL 810 (1995; Reprint Aug 2014) UL Standard for
Saf ety Capacitors
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1.2 SUBM TTALS
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NOTE: Review Submittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng submittal
items in the text, to reflect only the subnmttals
required for the project. The Guide Specification
techni cal editors have classified those itens that
requi re Government approval, due to their conplexity
or criticality, with a "G" Cenerally, other
submittal items can be reviewed by the Contractor's
Quality Control System Only add a “G’ to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arnmy projects using the

Resi dent Managenent System (RVMS) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

The "S" classification indicates submttals
required as proof of conpliance for sustainability
Quiding Principles Validation or Third Party
Certification and as described in Section 01 33 00
SUBM TTAL PROCEDURES.

Choose the first bracketed itemfor Navy, Air Force

and NASA projects, or choose the second bracketed
itemfor Army projects.

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

Covernment approval is required for submittals with a "G or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Governnment.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:
SD- 02 Shop Drawi ngs
Fabrication Drawings; C[, [ 1]
Installation Drawings; C[, [ 1]
SD- 03 Product Data
Met al - Encl osed Shunt Capacitor Equipnent; ¢, [ 1]
Pol e Line Capacitors; C[, [__ 1]

Met al - Encl osed Low Vol tage Capacitors; C, [ 1]
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SD- 06 Test Reports
Factory Test Report; ¢, [__ 1]
Acceptance Test Report; ¢, [ 1]
SD-10 Operation and Mai ntenance Data
Operation and Mai nt enance Manual s
1.3  QUALI TY CONTROL
1.3.1 Regul at ory Requi renents

In each of the publications referred to herein, consider the advisory
provisions to be mandatory, as though the word, "shall" had been
substituted for "shoul d' wherever it appears. Interpret references in
t hese publications to the "authority having jurisdiction," or words of
simlar meaning, to nmean the Contracting Oficer. Ensure equipment,
materials, installation, and workmanship are in accordance with the
mandat ory and advi sory provisions of NFPA 70, | EEE C2 unless nore
stringent requirenents are specified or indicated.

1.3.2 Qualifications

Provide material s and equi pment that are products of manufacturers

regul arly engaged in the production of such products which are of equa

mat eri al, design and workmanshi p. Provide products which have been in
sati sfactory commercial or industrial use for 2 years prior to bid
opening. Ensure the 2-year period includes applications of equi pnent and
materials under similar circunstances and of similar size. Ensure the
product has been on sale on the comrercial market through advertisenents,
manuf acturers' catal ogs, or brochures during the 2-year period. Were tw
or nore items of the sanme class of equiprment are required, these itens
nmust be products of a single manufacturer.

1.3.3 Predictive Testing and | nspection Technol ogy Requirenents

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: The Predictive Testing and I nspection (PT&l)
tests prescribed in Section 01 86 26.07 40
RELI ABI LI TY CENTERED ACCEPTANCE FOR ELECTRI CAL
SYSTEMS are MANDATORY for all NASA assets and
systens identified as Critical, Configured, or

M ssion Essential. |If the systemis non-critical
non- confi gured, and not m ssion essential, use sound
engi neering discretion to assess the value of adding
these additional test and acceptance requirenents.
See Section 01 86 26.07 40 RELI ABI LI TY CENTERED
ACCEPTANCE FOR ELECTRI CAL SYSTEMS for additional

i nformati on regarding cost feasibility of PT&
R IR I Sk S S I S I S S S R Sk S S Ik Sk I R Rk Sk I S I kS I Rk S

This section contains systens and equi pment conponents regul ated by NASA's
Reliability Centered Building and Equi pnent Acceptance Program This
programrequires the use of Predictive Testing and | nspection (PT&l)
technol ogi es in conformance with RCBEA GUI DE to ensure buil di ng equi pnent
and systens installed by the Contractor have been installed properly and

SECTION 26 35 33.00 40 Page 6



contain no identifiable defects that shorten the design life of a system
and its conponents. Satisfactory conpletion of all acceptance
requirenents is required to obtain Governnment approval and acceptance of
the Contractor's work.

Perform PT& tests and provide submttals as specified in Section
01 86 26.07 40 RELI ABI LI TY CENTERED ACCEPTANCE FOR ELECTRI CAL SYSTEMS

.4 DELI VERY, STORAGE, AND HANDLI NG

Handl e and store equi pment in accordance with manufacturer's

instructions. Deliver nmaterials to site in unopened cartons or bundles as
appropriate, clearly identified with manufacturer's nane, Underwiter's or
ot her approved | abel, grade or identifying number.

PART 2 PRODUCTS

2.

1 SYSTEM DESCRI PTI ON

Provi de Power Factor Correction (PFC) equi prent as a sel f-contained,
[automatical ly and ]manual I y-control |l ed self-protecting capacitor bank [in
sel f contained enclosure][ nodified for the specified enclosure
construction]. Ensure the equipnment allows [automatic or ] nmanua

swi tching of the capacitor bank kilovolt anmpere reactive (kVAR) in mninmm
of [25][50][ ] kVAR per step for a total of

[three][twel ve][twenty-four]] ] steps when fully expanded to the tota
capacity fromor to the bus for power factor correction. Connect the PFC
equi prent to the switchgear with cabl e connection through a separate
circuit breaker.

.2 FABRI CATI ON

2.1 Dr awi ngs

Submit fabrication drawings for the fabrication and assenbly perforned in
the factory. Ensure drawi ngs show all connections and detail the

rel ati ons and connections of the equiprment by showi ng the general physica
| ayout of all controls, the interconnection of one system (or portion of
system) with another, and internal tubing, wiring, and other devices.

. 2.2 Corrosi on Prevention

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: For all outdoor applications and all indoor
applications in a harsh environment refer to
Sections 09 96 00 H GH PERFORVMANCE COATI NGS or

09 90 00 PAINTS AND COATI NGS. High performance
coatings are specified for all outdoor applications
because ultraviolet radiation will break down nost
standard coatings, causing a phenonena known as
chal ki ng, which is the first stage of the corrosion
process. For additional information contact The
Coatings Industry Alliance, or specific suppliers
such as Keel er and Long and PPG and NACE

I nt ernati onal (NACE)

EE R R R S R R I R R I R S R R R R S R R I R I R R S R R R R O

Protect netallic materials against corrosion. Ensure equiprment has the
standard finish by the manufacturer when used for nost indoor
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installations. For harsh indoor environnents (any area subjected to
chemi cal and/or abrasive action), and all outdoor installations, refer to
Section [09 96 00 H GH PERFORVANCE COATI NGS][09 90 00 PAINTS AND COATI NGS] .

2.3 EQUI PVENT

Submit catal og data and equi pnment and perfornance data for the follow ng
items including life, test, systemfunctional flows, safety features, and
nmechani cal autonated details.

[2.3.1 Met al - Encl osed Shunt Capacitor Equi pnent

Ensure netal -encl osed shunt capacitor equi prment for connection to 2,400-,
6, 900-, and 13, 200/13, 800-volt, three-phase, 60-hertz circuits consists of
a conpl ete assenbly of capacitor units including buses, connectors,
current-limting fuses, ventilating fans, sw tching devices, and controls
housed in a weat herproof NEMA [3R][4X] netal enclosure in accordance with
| EEE 18. Provide control and protective devices in accordance with
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

Provi de capacitor units consisting of [self-healing ]polypropylene film
and aluminumfoil sections with series-parallel connections and discharge
resistors contained in hernetically seal ed wel ded steel cases with
nounting flanges, immersed in a nonflamuable liquid dielectric

i mpregnant. Provide capacitor housings constructed with bonded
zinc-coated steel that is resistant to corrosion, weather, and abrasion
Seal two insulating bushings with clanp tunnel connectors to the case of
each unit, electrically connected to the capacitor section assenbly.
Ensure capacitors conply with UL 810 and NFPA 70 and characteristics of
capaci tor bushings are in accordance with | EEE 18. Provi de di scharge
resistors that reduce the residual voltage of the capacitor unit to

[50] [ ] volts or less within 5 minutes after disconnection fromthe
source of supply. Each capacitor has an individual insulating fuse.
Ensure capacitors operate satisfactorily at 135 percent of rated kVAR 110
percent of rated voltage, and at anbient tenperatures between m nus 40
degrees to plus 46 degrees C minus 40 degrees to plus 115 degrees F

Ensure voltage and kVAR ratings for encl osed outdoor capacitor units rated
at 60-hertz is in accordance with | EEE 18.

Ensure that capacitors for harrmonic filter application or systens wth
hi gh harnmoni ¢ content have the foll owi ng characteristics: EXTREME duty
rating 55 degree C, 131 degree F tenmperature rating, 125 percent

conti nuous over-voltage capability, 15kA fault handling capability, 100KA
transient current withstand capability, and neets | EEE 18.

For power entrance conpartnents, include an insul ated phase and neutra
bus, a short-circuiting and grounding switch, and provisions for
term nati ng underground cabl es.

Mechani cal ly interlock short-circuiting and grounding switch with al
capaci tor conpartnent doors to prevent access to capacitor units unless
phase and neutral buses are short circuited and grounded. Provide a
key-interl ocked short-circuiting and grounding switch with a renote
circuit disconnecting and protective device to ensure the proper sequence
of operation.
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1[2.3.2 Pol e Line Capacitors

Ensure pole line capacitors are power line, power factor connection type
for 2.4 kilovolts (kV), 5 kV, and 13.2/13.8 kV, 60 hertz; |ocated and
installed as indicated. Provide pole supporting hardware that is hot-dip
gal vani zed steel designed for NEMA standard capacitor units. Use
corrosion resistant attachnment hardware. Ensure pol es supporting
capacitors are greater than 200 mllinmeter 8 inches in dianmeter at the
poi nt of attachnent.

1[2.3.3 Met al - Encl osed Low Vol t age Capacitors

Provi de netal -encl osed capacitors for 600-volt circuits and bel ow

consi sting of individual enclosed units with insulators, connectors, and
har dware housed in a protective enclosure. Ensure individual cells are
fused and provided with discharge resistors to reduce voltage to 50 volts
or less in 1 minute. Include a current-linmting air-core inductor
designed to limt the capacitor in-rush current to a value equal to or

| ess than the capacitor switching rating. Brace inductors to w thstand
symmetrical short circuit current as indicated.

Ensure capacitor cells are of the self-healing type utilizing a | owl oss
nmet al i zed pol ypropylene filmdielectric systemwith a UL-recogni zed
pressure sensitive interrupter in each capacitor cell and are inpregnated
with a nonflammabl e (PCB-free) dielectric. Ensure capacitors conply with
UL 810 and NFPA 70. Provide capacitor units in banks with wel ded, zinc
coated, 1.6 mllineter, 14 gauge, steel. Use steel in accordance with
ASTM A1008/ A1008l. Al other requirements are as required for
hi gh-vol tage installation

12.4  COVPONENTS

2.4.1 Encl osur e

Pl ace pad-nobunted capacitor equiprment in weatherproof, self-supporting,
ventilated unit sheet metal conpartments joined together to forma
continuous structure with hinged access doors, base and roof sections,
roof seam covers, and end trins. Provide flanged access doors that close
agai nst rubber or sinilar weatherproof gasketing material. Provide
ventilated openings with filtered | ouvers and stainless steel screened
vents. Equip doors with |atches, stops, and door-I|ocking nechani sm
Ensure base section is unit construction and supports capacitor equi prment|
102 millimeter 4 inches][ 152 millinmeter 6 inches] above the concrete
foundati on. Design the base for jacking and skidding. Provide lifting

I ugs for unl oading and novi ng equi prent.

Construct sheet metal enclosures from[cold-rolled carbon-steel sheets of
commercial quality with stretcher-level flatness not |less than two (2.0)
mllineter 12 gauge, in accordance with ASTM A1008/ A1008N] [[304][ 316]
stainless steel in accordance with ASTM A240/ A240N and ASTM A480/ A480N as
applicable]. Reinforce each conpartment with structural nenbers and weld
menbers together. Gind welds to a smooth flat surface before painting.
Provi de capacitor equipnent with a ground term nal for grounding the
stationary structure and equi pnent.

Provi de capacitor conpartnents with racks for nounting individual
capacitor units in one, two, or three tiers, with not nore than two rows
of units per tier. Enclosures having one row of units per tier are
accessi ble fromone side only.
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2.

4.2 Buses

Provi de phase and neutral buses for the connection to cables and capacitor
units are bare rigid solid copper busbar of rectangular cross section

i nsulated fromthe enclosure. Ensure busbars are of ASTM B187/B187N solid
copper and the contact surfaces of all mmin bus and cable tap connections

are silver plated and bolted together to ensure maxi mum conductivity.

. 4.3 Fuses

Ensure each capacitor unit is individually fused with current-limting
fuses that have an short-circuit interrupting rating of 200,000 anperes
m ni mum and provi de visual indication of fuse operation

.4.4 Fans

Provide top of capacity conpartnents with thernostatically controlled fans
for forced-air ventilation of capacitor units. Provide each enclosure
section with two cooling fans. Select [115-volt][277-volt], single-phase,
60-hertz current fan notors that are individually fused or thermally
protected. Ensure thernostats control the operation of fans within
prescribed tenperature limts.

.5 FACTORY TESTI NG

Factory production tests on capacitor equi pnent include electrical and
nmechani cal operational tests, capacitance tests, discharge resistor tests,
| eak tests, and dielectric strength tests. Ensure factory conducts
dielectric tests in accordance with Testing Standards of |EEE 18 with
60-hertz withstand voltage rating equal to that of the switching device.

Certified copies of previous tests on simlar equi pnent under actua
conditions may be submitted for inpulse tests, and short-circuit tests in
lieu of factory tests on actual units furnished.

Submit factory test report containing results of all factory production
tests.

PART 3 EXECUTI ON

3.

3.

3.

1 | NSTALLATI ON

Install and connect capacitor equi pnment in accordance with the
manufacturer's installation instructions. Ensure proper ventilation is
provi ded around all equiprent.

Make ground connections to a driven ground rod or counterpoise, as
i ndi cat ed.

Submit installation drawings for the capacitor equipnment. Include in
drawi ngs details of equipnent [area][room |ayout and design

2 FI ELD QUALI TY CONTRCL

2.1 Accept ance Testing

kkhkkhkkhhkkhhkkhhkhhkhhkhhkhkhkhkhhkhhkhhkrhkhhkhhkhkdhhkkhhkhhkhhkhhkhdhkhkhhkd hk hk hk hkhhkhkk kkk kk k) k) k ik khkk k%%

NOTE: |If the specified systemis identified as
critical, configured, or mssion essential, use
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3.

Section 01 86 26.07 40 RELI ABI LI TY CENTERED
ACCEPTANCE FOR ELECTRI CAL SYSTEMS to establish
predictive and acceptance testing criteria, above
and beyond that |isted bel ow.

kkhkkhkkhkkhhkkhhkkhhkhhkhhkhhkhkhhkhhkhhkhhkhhkhhkhkdhhkhhkhhkhhkhhkhkkhkhkkhhkk hkrhkhhkhhkhkhkhkk kkkihkihkihkhkk khkkikkikki*x*%

Perform PT& tests and provide submttals as specified in Section
01 86 26.07 40 RELI ABI LI TY CENTERED ACCEPTANCE FOR ELECTRI CAL SYSTEMS

Di sconnect main bus of high-voltage capacitor equipment fromthe circuit
cabl es, and ground the capacitors and the equi pment encl osure before
conducting insulation and hi gh-voltage tests.

For the main bus of capacitor equiprment, conduct an insulation-resistance
test with a 5000-volt insulation test set for units 5 KV and above,
2,500-volt insulation-resistance test set for units 2.4 kV to 5 kV, and
1,000 volts for units 600 volts and bel ow.

Apply tests for not less than 5 mnutes and until three equal consecutive
readings, 1 minute apart, are obtained. Record readings every 30 seconds
during the first 2 minutes and every mnute thereafter. M nimm

accept abl e resi stance is 100 megohns. |

Upon satisfactory conpletion of the insulation-resistance test, subject
mai n bus to a high-voltage DC (H -pot) test. Use a test voltage is equa
to 75 percent of the factory test values and apply for 1 minute.]

Upon satisfactory conpletion of all bus testing, confirmthe capacitor's
val ue by performng a capacitance value test. Discharge the capacitor and
neasure the capacitance per the manufacturer's instructions. Satisfactory
neasurenent is between 100 percent and 110 percent of nameplate. Val ues
bet ween 90 percent and 100 percent, and 110 percent and 120 percent
require investigation. Values outside these linmts indicate shorted
groups of internal |layers and the capacitor is considered defective.

Upon satisfactory conpletion of the capacitance test, subject the
capacitor to a dielectric strength test using a DC voltage of 75 percent
of the original factory test voltage. Test voltage should be held for 10
seconds. During application of test voltage listen for any indication of
internal arcing. |If any arcing is heard the unit is defective.

Upon satisfactory conpletion of the dielectric test, reneasure the
capaci tance of the capacitor to insure no damage had occurred during the
dielectric test. Results cannot vary nore than the manufacturer's | EEE
t ol er ance.

Fi nal acceptance depends upon the satisfactory performance of the PFC
equi pnment under test. Do not energize capacitor equi pnent until the
recorded test data has been approved by the Contracting O ficer. Submt
acceptance test report to the Contracting O ficer containing the results
of all acceptance tests.

2.2 Operation and Mai nt enance
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Provi de operation and nai ntenance nanuals with each assenbly and incl ude
instruction leaflets, instruction bulletins and renewal parts |ists where
applicable, for the conplete assenbly and each mmj or conponent.

-- BEnd of Section --
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