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NOTE: This guide specification is issued by the
Atlantic Division, Naval Facilities Engineering
Command for regional use in Italy. This guide
specification covers the requirenents for high

vol tage/ |l ow vol tage prefabricated substations (al so
defined as unit substations), in the nmediumvoltage
range of 5 kV to 35 kV for both indoor and outdoor
applications. Pad-nounted transforners are
specified in Section 16272, "Pad- Munted
Transforners”, and are to be specified only at
European Activities at which pad nounted
transforners are an accepted practice. Pol e-nounted
distribution transforners are specified in Section
16301, "Overhead Transmi ssion and Distribution", and
are to be specified only at European Activities at
whi ch pol e nounted transforners are an accepted
practice. Separately nmounted high voltage

swi tchgear and power transformers are specified in
Section 16363, "Hi gh Voltage Swi tchgear and Power
Transforners”. Separately nounted | ow voltage

swi tchgear and controlgear is specified in Section
16430, "Low Vol tage Switchgear and Control gear"

Conmment s and suggestions on this specification are
wel cone and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents and their tel ephone nunbers is
| ocated on the Spec Support page on the LANTD V
websi te.

Use of electronic comunication is encouraged.

Brackets are used in the text to indicate designer
choi ces or locations where text nust be supplied by
t he desi gner.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R
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NOTE: The followi ng information shall be indicated
on the project drawings or specified in the project
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speci fications:

1. Single-line diagram show ng buses and

i nterrupting devices; current transforners and

vol tage transforners (potential transforners) with
ratings; instrunents and neters required; and
description of instrunents and neters.

2. Interrupting capacities.

3. Location and space available for the unit
substation and all auxiliary equi pnent.

4. Draw ng show ng desired arrangenent of the unit
substation and all auxiliary equi pnent.

5. Gounding system plan and details.

6. Type and nunber of cables, and size of
conductors for each power circuit, point of entry
(top or botton), and net hod of power cable
termnation (clanp-type ternmnals or termnators).

7. M ninmum and nmaxi num overal | di nensi ons of
shi ppi ng section which can be handl ed and install ed
at destination.

8. Special conditions, such as altitude,
tenperature and humidity, exposure to funes, vapors,
dust, and gases; and seisnic requirenents.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

PART 1 GENERAL

1.1 REFERENCES

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Maximn ze the use of European

techni cal /construction standards. Do not reference
host nation standards that duplicate an avail abl e
Eur opean standard. However, the designer is
responsible for determning if there are any
specific host nation standards that nust be
referenced. Consult with the project's Activity to
deternmine their requirenments and standards.

EE R R R R R R R R R R R R R R R R R R R R R R R I R

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by the
basi ¢ designation only.

| TALI AN ELECTROTECHNI CAL COW TTEE ( CEl)

CEl 7-6 (1997); Requirenents for Checking Hot
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@Gl vani zing by I mersion on Ferrous
Components Used in Lines and El ectrical
Install ations

(1999; V1 2000; Errata Corrige 2001) Power
Install ati ons Exceeding 1 kV a.c.

(1999; V1 2002) Dry Type Power Transforners

(1998; V1 1998) Three Phase Q| - | nmersed
Di stribution Transformers 50 Hz, from 50
kVA to 2500 kVA, with Hi ghest Voltage for
Equi prent not Exceeding 36 kV. Part 1:
CGeneral Requirenents and Requirenents for
Transforners with Hi ghest Voltage for
Equi pnrent not Exceedi ng 24 kV

(1998; V1 1999) High-Voltage
Alternating-Current Circuit-Breakers

(2003) Electrical Installations of
Bui | di ngs

(2000) Guide for Procurenent of Power
Station Equi pnent. Part 2-3: Electrical
Equi pnent. Stationary Batteries and
Chargers

(2000; V1 2001, V2 2003) Instrunent
Transfornmers Part 1: Current Transforners

(2001; V1 2003) Instrument Transformers -
Part 2: Inductive Voltage Transforners

(1998; V1 2000) High-Voltage Test
Techni ques Part 2: Measuring Systens

(1998; V1 2002) Power Transfornmers Part 1:
Gener al

(1998) Power Transforners Part 2:
Tenperature Rise

(2002) Power Transforners Part 3:
I nsul ation Levels, Dielectric Test, and
External Cl earances in Air

(2003) Power Transfornmers Part 4: CQuide
to Lighting Inpulse and Swi tching | npul se
Testing - Power Transforners and Reactors

(2001) Power Transformers Part 5:
Ability to Wthstand Short Circuit
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(2002) Power Transformers Part 10:
Det erm nati on of Sound Levels

(1998) Series Capacitors For Power Systens
Part 1. General - Performance, Testing
and Rating - Safety Requirenents - Quide

I nstallation

(1998) Series Capacitors For Power Systens
Part 2: Protective Equi pnent For Series
Capaci t or Banks

(1999) Series Capacitors For Power Systens
Part 3: Internal Fuses

(2000) Hi gh-Voltage Switches Part 1:
Swi tches for Rated Vol tages Above 1 kV and
Less Than 52 kV

(2000) Low Vol tage Fuses Part 1: Genera
Requi renent s

(1998; Amend 2000) AC Metal - Encl osed
Swi t chgear and Control gear for Rated
Vol t ages Above 1 kV and Up To and

I ncludi ng 52 kV

(2000) Low Vol tage Switchgear and
Control gear Assenblies Part 1:
Type-Tested and Partially Type-Tested
Assenbl i es

(2000; EC 2001) Low Vol tage Sw tchgear and
Control gear Assenblies Part 2: Particular
Requi rements For Busbar Trunking Systens
(Busways)

(1997; Amend 2000) Degrees of Protection
Provi ded By Encl osures (1P Code)

(1997; Amend 2002) Common Specifications
for Hi gh-Voltage Switchgear and
Control gear Standards

(1997; Amend 2003) Shunt Power Capacitors
of the Self-Healing Type for a.c. Systens
Havi ng a Rated Voltage Up To and | ncl udi ng
1 kV Part 1: General - Performance,
Testing and Rating Safety Requirenments -
Quide for Installation and Operation

(1997) Shunt Power Capacitors of the
Sel f-healing Type for A C Systens having
a Rated Voltage up to and Including 1 kV
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Part 2: Aging Test, Self-Healing Test,
and Destruction Test

CEl EN 60896-2 (1997) Stationary Lead-Acid Batteries
CGeneral Requirenments and Met hods of Test
Part 2: Valve Regul ated Types

CEl EN 60934 (2002) GCircuit Breakers for Equi pnent (CBE)

CEl EN 60947-1 (2000; Amend 2002) Low Vol tage Switchgear
and Controlgear - Part 1: General Rules

CEl EN 60947-2 (1998; Al 1999, EC 2001, A2 2002)
Low Vol t age Swi tchgear and Control gear -
Part 2: Circuit Breakers

CEl EN 60947-4-1 (2002) Low Vol tage Switchgear and
Control gear Part 4-1: Contactors and
Motor-Starters - El ectronechanical
Contactors and Motor-Starters

CEl EN 60947-5-1 (1998; Amend 2000, EC 2001) Low Voltage
Swi t chgear and Control gear Part 5-1:
Control Circuit Devices and Switching
El ements El ectronechani cal Control Circuit
Devi ces

CEl EN 60947-7-1 (1998; Amend 2000) Low Vol tage Switchgear
and Controlgear. Part 7: Ancillary
Equi pnent. Section One: Term nal Bl ocks
for Copper Conductors

CEl EN 61010-1 (2001) Safety Requirenments for Electrical
Equi prent for Measurenent, Control, and
Laboratory Use Part 1: General
Requi renment s

CEl EN 61330 (1997) Hi gh-Vol t age/ Low Vol t age
Pref abri cat ed Substati ons

CEl EN 62271-102 (2003) Hi gh-Voltage Sw tchgear and
Control gear Part 102: High-Voltage
Alternating Current Disconnectors and
Eart hing Switches

| TALI AN LAWS AND NORMS

D.P.R 547 (27 April, 1955) Norns for Accident
Preventi on on Wrksite

LAW 46 (5 March, 1990) Safety Norns for
Technol ogi cal Systens

| TALI AN NATI ONAL ASSOCI ATI ON FOR UNI FI CATI ON OF STANDARDS (UNI)
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UNI EN 10088-1 (1997) Stainless Steels Part 1: List of
Stainless Steels

1.2 RELATED REQUI REMENTS

Section 16050, "Basic Electrical Mterials and Methods" and Section 16081
"Appar atus | nspection and Testing" apply to this section, with the
additions and nodifications specified herein. Materials not considered to
be high voltage/l ow vol tage prefabricated substation nmaterial or conmponents
are specified in Section 16303, "Underground El ectrical Wrk" and Section
16402, "Interior Distribution Systent

1.3 DEFI NI TI ONS

a. Host Nation: The host nation is the nation in which the construction
project is located and in which the construction work will actually
occur.

b. High voltage/low voltage prefabricated substations (also identified as
"unit substations") are integrally designed and integrally constructed
assenbl i es consisting of three basic subassenblies: (1) high voltage
section including primary overcurrent protection features and prinary
di sconnection features; (2) power transfornmer section; and (3) |ow
vol tage distribution and control section. The entire assenbly shall be
a standard catal og product of a single electrical power equi pnent
manuf acturer or a qualified fabricator who is regularly engaged in the
design, sales and services of electrical power equi pnent assenblies.

In the text of this specification section, the words "high vol tage/l ow
vol tage prefabricated substation" and "unit substation" are used
i nt erchangeably and have the sane neani ng.

c. Projects inltaly nust conply with Italian Laws and Norns, D.P.R 547
(1955) Norns for Accident Prevention on Wirksite; LAWA46, (1990) Safety
Requirements for Electrical System

1.4 SUBM TTALS

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Subnmittals nust be limted to those necessary
for adequate quality control. The inportance of an
itemin the project should be one of the prinary
factors in determning if a submittal for the item
shoul d be required.

A "G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a "G'. Only

del ete an existing "G' if the subnittal itemis not
conpl ex and can be reviewed through the Contractor's
Quality Control system Only add a "G' if the
submittal is sufficiently inportant or conplex in
context of the project.

EE R R R R R R R R R R R R R R R R R R R R R R R R O O R
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Government approval is required for submttals with a "G' designation
submittals not having a "G' designation are for information only or as
ot herwi se designated. Submt the following in accordance with Section 01330,
“Submittal Procedures”.
SD- 02 Shop Drawi ngs
Unit substation drawings; G
Overal |l dinensions, front, sectional view, G
[ DC power system draw ngs; C]
[ Al arm syst em dr awi ngs; G
[ Aut omati c power factor conpensating unit draw ngs; G
SD- 03 Product Data
Unit substation; G
[ DC power system GG
[Alarm system G
[ Aut omati c power factor conpensating unit; QG
SD- 05 Design Data

Battery power calcul ations; G

SD- 06 Test Reports

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

NOTE: Delete "ground resistance test reports" and
t he associ ated subparagraph if such tests are al so
required in another section such as Section 16303,
"Underground El ectrical Wrk", or Section 16402,
"Interior Distribution Systenf. Define ground
systemtests only once in the specifications. Al
associ ated sections are to reference the section
that defines the ground systemtest requirenents.
It is preferred to define ground systemtests in
Section 16303.

EE R R R R R R R R R R R R R R R R R R R R R R R I R

Accept ance checks and tests; G
[Ground resistance tests; @G
SD-07 Certificates

Manufacturer's factory test schedule; G
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[ Schedul e of power relay settings and calibrations; @G
[ Request for final power relay settings;, G
[ Mot or and equi pnent | oad coordination; G

SD- 08 Manufacturer's Instructions
Unit substation; G
[ DC power system (@
[ Aut omati c power factor conpensating unit; g

SD- 09 Manufacturer's Field Reports
H gh voltage[ switches][ switch assenbly] design tests; G
H gh voltage circuit breaker design tests; G
H gh voltage[ switches][ switch assenbly] production tests; G
H gh voltage circuit breaker production tests; G
Transforner design tests (liquid insulated); G
Transfornmer routine and other tests (liquid insulated); G
Transforner design tests (dry type); G
Transforner routine and other tests (dry type); G
Low vol tage switchgear design tests; G
Low vol tage swi tchgear production tests; G

SD- 10 Operation and Mai ntenance Data
Unit substation; G Data Package 5
[ DC power systenmy G Data Package 5]
[Alarm system G Data Package 5]
[ Automati c power factor conpensating unit; G Data Package 5]

1.5 QUALI TY ASSURANCE
1.5.1 Unit Substation Draw ngs
Furni sh drawi ngs that include, but are not limted to, the foll ow ng:

a. Overall dinensions, front, sectional view, weights, top and bottom

SECTI ON 16364 Page 8



[f.

j-

[1.5.2

| GSVAY04

views of each nmajor conponent. Identify all auxiliary equipnment,
devi ces and conponents.

Anpere ratings of bus bars.
Maxi mum short-circuit bracing.

Equi pnent type and ratings (continuous and | oad break rating) of all
hi gh voltage and | ow vol tage overcurrent protection equi pnent.

Rati ngs and sizes of | ugs.
Provision for future extension.]

El enentary diagrans and wiring diagrans with termnals identified and

| abel ed to correspond to the designations on the equi pnent. Diagrans
shal |l indicate prewired interconnections between itens of equi pnent and
the interconnection between the itenms. This shall include itens that
are nmounted internal with the substation and itens that are nounted
external to the substation (that is, field wiring). Provide individual
drawi ngs of each terninal board.

One-line diagramincluding high voltage equi prent, power transforner,
| ow vol tage distribution equiprment, voltage and current transfornmers,
protective power relays and associ ated devi ces, metering equi pnent,
fuses, surge arresters, and so forth.

Manufacturer's original published time-current curves, not reproduced
copies, (on full size logarithm c paper) of[ fuses][ and][ overcurrent
rel ays] to ensure that protection and coordi nation are achi eved.

Narmepl at e dat a.

DC Power System Drawi ngs

Furni sh drawi ngs that include, but are not limted to, the follow ng:

a.

e.

Overal | dinmensions, plan view and front view, including the
identification of all auxiliary equi pnent, devices and conponents.

Anpere ratings of bus bars, circuit breakers and fuses.

Circuit breaker type and ratings.

El enentary diagrans and wiring diagrans with termnals identified and

| abel ed to correspond to the designations on the equi pnent. Diagrans
shal | indicate prewired interconnections between itens of equi pnent and

the i nterconnecti on between the itens.

Narmepl at e dat a.

1[1.5.3 Al ar m Syst em Dr awi ngs

Furni sh drawi ngs that include, but are not limted to, the foll ow ng:
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a. Overall dinensions with front and interior views of the panel including
the identification of all auxiliary equi pnent, devices and conponents.

b. Elenentary diagrans and wiring diagrans with termnals identified and
| abel ed to correspond to the designations on the equi pnent. Diagrans
shal | indicate prewired interconnections between itens of equi pnent and
the interconnecting between the itens. This shall include itens that
are nounted internal with the alarmpanel and itens that are nounted
external to the alarmpanel (that is, field wiring). Provide
i ndi vi dual draw ngs of each terninal board.

1[1.5.4 Aut omati ¢ Power Factor Conpensating Unit Draw ngs
Furni sh drawi ngs that include, but are not limted to, the follow ng:

a. Overall dinensions, plan view and front view, including the
identification of all auxiliary equi pnent, devices and conponents.

b. Anpere ratings of bus bars, circuit breakers and fuses.
c. Circuit breaker type and ratings.
d. Elenentary diagrans and wiring diagrans with termnals identified and
| abel ed to correspond to the designations on the equi pnent. Diagrans
shal |l indicate prewired interconnections between itens of equi pnent and
the interconnection between the itens.
e. Nanepl ate data.
]1.5.5 Product Data
Each submttal shall include data on[ circuit breakers,][ switches,][
fuses][ protective power relays and associ ated devices,] power
transformers,[ neters, instrunent transforners,][ surge arresters,] and al
associ at ed accessories. Submttals shall show sectional views of cubicles.
Provi de manufacturer's instruction manuals for all[ protective power
rel ays and associ ated devices][ and][ metering equipnent], including
i nstructions of how to set and operate all conponents.
[1.5.6 Battery Power Cal cul ations
Submit capacity calculations for battery charger and batteries.
Cal cul ation shall verify that battery capacity exceeds station DC power
requi renents.

1]1.5.7 Manufacturer's Instructions

Submit the manufacturer's installation instruction nmanuals wi thin 30 days
after receiving approved shop drawi ngs and product data.

1.5.8 Accept ance Checks and Tests

Submit report of acceptance test results as specified by paragraph entitled
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"Field Quality Control™

[1.5.9 Ground Resi stance Tests

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Delete "ground resistance test reports" and
t he associ ated subparagraph if such tests are al so
required in another section such as Section 16303,
"Underground El ectrical Wrk", or Section 16402,
"Interior Distribution Systenf. Define ground
systemtests only once in the specifications. Al
associ ated sections are to reference the section
that defines the ground systemtest requirenents.
It is preferred to define ground systemtests in
Section 16303.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

Upon conpl etion and before energi zing electrical equipnent, submt the
nmeasured ground resistance of each ground rod and groundi ng system

i ndicating the location of the rod and groundi ng system Include the test
nmet hod and test setup (i.e., pin location) used to determ ne ground

resi stance and soil condition at the tine the measurenments were nade.

]1.5.10 Manuf acturer's Factory Test Schedul e

The Governnent reserves the right to witness all factory tests. Provide
equi pment test schedules for tests to be perforned at the manufacturer's
test facility. Submt required test schedule and |location, and notify the
Contracting O ficer 45 cal endar days before schedul ed test date. Notify
Contracting O ficer 15 cal endar days in advance of changes to schedul ed
dat e.

a. Test Instrunent Calibration
1. The nmanufacturer shall have a calibration program whi ch assures
that all applicable test instruments are nmintained within rated

accuracy.

2. The accuracy shall be directly traceable to a recogni zed European
institute of standards and technol ogy.

3. Instrunment calibration frequency schedul e shall not exceed 12
nmonths for both test floor instrunents and | eased specialty
equi pnent .

4, Dated calibration labels shall be visible on all test equipnent.

5. Calibrating standard shall be of higher accuracy than that of the
i nstrument tested.

6. Keep up-to-date records that indicate dates and test results of
instrunents calibrated or tested. For instrunents calibrated by
the manufacturer on a routine basis, inlieu of third party
calibration, include the foll ow ng:
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(a) Miintain up-to-date instrunent calibration instructions and
procedures for each test instrunent.

(b) Ildentify the third party/laboratory calibrated instrunent to
verify that calibrating standard is net.

[1.5.11 Schedul e of Power Relay Settings and Calibrations

Provi de a Schedul e of Power Relay Settings and Calibrations. The
Contractors hall subnit reconmended settings of all protective power relays
and associ ated devi ces. These val ues shall be based upon the
recomendati ons of the nmanufacturer of the respective power equi pnent (high
voltage switchgear/circuit breaker). These values are for conparison

purposes relative to the intent of the original design. Include in the
schedul e the antici pated dates when equi pnment requiring coordination and
protection will be installed, the anticipated date when the Contractor wll
request the list of final settings, and the anticipated date when the

manuf acturer's technical representative will performsettings and calibrate
equi pnent .

1[1.5.12 Request for Final Power Relay Settings

a. Final settings of the protective relays and associ ated devices will be
provi ded by the Contractor in accordance with the relay setting
coordi nation study provided by the Governnent to achi eve protection and
coordi nation via relays and protective devices. Subnit a request for
power relay settings [45][___ ] days in advance of the date that
settings will be needed, to allow the Contracting O ficer sufficient
time to obtain the final setting values fromthe responsible
representatives.

b. The equi pnment requiring protection and coordination shall be installed
prior to making this request.

c. Include approved shop draw ngs, manufacturer's instructions to set the
protective devices, and nanufacturer's tine-current curves.

][1.5.13 Mot or and Equi prment Load Coordi nation

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

NOTE: Include this paragraph if the | ow voltage
swi tchgear section has notor control features or
serves notorized equi pnent.

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

The Contractor shall subnmit a certificate that states the final selection
of all electrical devices, conponents, overcurrent protection devices, and
so forth are based upon the actual size of notors and electrified equi pnent
to be provided. Submit a list of all notors/equipnent and define al
pertinent electrical data including horsepower rating, power rating,

vol tage includi ng number of phases, full |oad anperage, naxi num overcurrent
protection rating, mninumcircuit anpacity, and the anperage of the
circuit breakers and fuses to be provided.
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]1.5.14 Operation and Mai ntenance Data

Submit Operation and Mai ntenance Manual s in accordance with Section 01781
"Operation and Maintenance Data." In addition, see paragraph titled
"Additions to Operation and Mii ntenance Manual s".

.5.15 Additions to Operation and Mi ntenance Manual s

In addition to requirenments of Data Package 5, include the follow ng on the
actual equi pnent provided.

a. An instruction manual with pertinent itens and infornmation highlighted

b. An outline drawing, including front view and sectional views with itens
and devices identified

c. Prices for spare parts and supply |ist

d. Routine and field acceptance test reports

e. Tinme-current-characteristic (T-C-C curves of breakers[ and fuses]
f. Actual nanepl ate diagram

g. Date of purchase

[h. Information on[ protective power relays and associ ated protective

devices][ and][ metering equipnent] including the manufacturer's
operational instruction manual.]

PART 2 PRODUCTS

2.

2.

2.

1  GENERAL REQUI REMENTS
1.1 CE Marking and Displ ay

Equi pnrent, materials, conponents, assenblies and so forth which are subject
to European Union (EU) econonmic directives shall have an approved

Decl aration of Conformty as denobnstrated by an authorized display of the
CE Mark (Conform te Europeenee Mark). The CE Mark | ogo shall be placed on
t he product, the product literature, and/or packagi ng as required by the
respective EU directive, or directives.

. 1.2 Factory Assenbly

The unit substation and all subassenblies shall be factory assenbl ed by an
el ectrical manufacturer or fabricator who is regularly engaged in the

dedi cated construction of high voltage electrical equipnment and assenblies.
Swi t chgear assenbly by the Contractor in the field or in his shop shal

not be acceptable. This includes the assenbly of the | ow voltage

swi t chgear and control gear.

2 SCQURCE MANUFACTURERS
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The foll owi ng nanufacturers provide | ow voltage sw tchgear and control gear
materials that generally nmeet the requirenents of the specifications:

a. ABB S.p. A
Via Luciano Lama, 33
20099 Sesto S. G ovanni (M)
Tel. (39) 02/2414.1
Fax (39) 02/24142330
www. abb. conti t

b. Schneider Electric S.p. A
Di rezi one General e
Viale Colleoni, 7 - Palazzo Sirio
20041 Agrate Brianza (M)
Italia
tel: (39) 39 655 8111
fax: (39) 39 605 6237
www. schnei derel ectric.it

c. Gemo Inpianti S.p.A
36057 Arcugnano
(Vicenza), ltaly
Viale dell |ndustria, 2
Tel . (39) 0444959595
Fax (39) 0444961551
WWW. genmmo. com

2.3 PRODUCT COORDI NATI ON

Products and materials not considered to be unit substations and rel ated
accessories are specified in Section 16303, "Underground El ectrical Wrk"
and Section 16402, "Interior Distribution System™

2.4 UNI T SUBSTATI ON

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Indicate and specify the type of unit
substation required for the project. This is
especially in reference to the transforner type.
This includes: (1) interior installation versus
exterior installation; and (2) liquid insulated type
transforner versus dry type transforner. Selection
and design shall be based upon the foll ow ng:

1. CQutdoor nounted substations shall only be
specified where specifically required by the
Activity.

2. Consult with the Activity regarding preferences
for transfornmer type (liquid insulated versus dry
type). The designer nust be aware of environnenta
requirenents of the host nation. Q1 insulated
transforners may require spill contai nment systens
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that are expensive and require significant space and
under ground buri al

3. As a result of the environnmental issues, the
Aviano Air Base (Aviano, Italy) requires dry type
transforners that nust be nounted indoors.

4, If liquid insulated transforners are specified,
then specify mineral oil insulation wherever

possi ble. Less-flammble Iiquid insulated
transforners may be used as approved by the Activity
and when installed in accordance with the host
nation's safety and environnental requirenents. For
interior liquid insulated transfornmers conply with
all requirenments defined in M L-HDBK-1008, "Fire
Protection for Facilities Engineering, Design, and
Construction"” and with the host nation's safety and
envi ronnental requirenents.

5. If it is anticipated that future |oad
requirenents will necessitate increasing the
capacity of the transforner, the specification for
the transformer should require the provision of
conponents and brackets for future forced air
cooling and nechanical circulation for the cool ant
fluid (if liquid insulated).

6. |If forced-air-cooling is immediately specified,
define such requirenents on the drawi ngs, provide
associ ated details, and define the operationa
control features

| GSVAY04

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

CEl EN 61330. Unit substations shall be integrally designed and

constructed assenblies featuring: (1) a high voltage, incom ng section

(2) a power transfornmer;

secti on.

ventil ation openings and gasketing provided to ensure a weat her pr oof
assenbly under rain, snow, sleet, and hurricane conditions.] All

and (3) a |l ow voltage distribution outgoing

Provide transitional sections as recommended by the substation's
manuf acturer.[ Substation shall be designed for outdoor service with

encl osures shall conformto CElI EN 60529 for the actual environnental

conditions encountered.[ External doors shall have provisions for

padl ocki ng or other approved neans of | ocking.]

5  SUBSTATIONS' S | NCOM NG SECTI ON S]

EE R R R R R R R R R E R R R R R REEERERE R EEEE R R E R R R R R

NOTE: This guide specification allows the unit
substation with three options for the inconing
section: (1) high voltage switch; (2) a high

vol tage switch assenbly (nultiple high voltage
switches); and (3) high voltage circuit breaker
Consult with the Activity to determine their
preferences and standards. Edit the specification
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accordingly and type sentences as a single paragraph

EE R R R R R R R R R R R R R R R R R R R R R O R

CEl EN 60060-2, CEl EN 62271-102, CElI EN 60265-1, CEl EN 60298, CEl EN 60694,
and CEI 17-1. High voltage[ switch][ switch assenbly][ circuit breaker]
shal | be approved and |isted by a recogni zed European safety organization
and shall have a "mark of quality" fromsuch an organization. Conply with
all requirements of the host nation

[Provide additional auxiliary sections as required to acconmpdate netering
and control features (including instrunent and control transforners)

i ndi cated, specified, or otherw se required or recomended by the high
vol t age equi pnent manufacturer. Final arrangenent shall be in accordance
with the high voltage equi pment nanufacturer's recommendati ons and shall be
approved by the Contracting Oficer.]

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Choose the first sentence option for a
single, high voltage switch/circuit breaker. Choose
the second group of sentences for a high voltage

swi tch assenbly.

EE R R R R R R R R R R R R R R R R R R R R R R O R

[ The i ncom ng section shall consist of a netal-enclosed, high voltage[
switch][ circuit breaker] for connecting the incomng circuit to the
transfornmer. ]

[ The i ncom ng sections shall consist of nmultiple netal-enclosed, high

vol tage switches (form ng a high voltage switch assenbly) for connecting
the high voltage electrical distribution systemto the transforner.]|

Swi tch configurations shall be as indicated on the drawings.][ The switch
assenbly configuration shall consist of: (1) a non-fused switch serving
"power input"; (2) a non-fused switch serving "power output"; and (3) a
fused switch serving the power supply to the transforner.]]

If required for proper connection and alignnment to the transforner, provide
a transition section with the incomng section.[ Provide one surge
arrester for each phase of each incomng circuit. Arresters shall be in
the circuit ahead of any di sconnecting devices and shall be rated[ | ]
kV][ as indicated].] Provide a stainless steel or |aser etched anodi zed

al um num narepl ate for each high voltage section that contains a[ switch]]|
circuit breaker].

.5.1 Conductor Term nation

Provide cable termnations as specified in Section 16303, "Underground

El ectrical Wrk". Hi gh voltage conductor termi nations shall be designed
for term nating one single conductor cable per phase and shall be arranged
for circuits entering from bel ow.

5.2 H gh Voltage[ Switch][ Switch Assenbl y]

EE R R R R R R R R R E R R R R R R R R ERE R E R R R R R

NOTE: Specify one of the followi ng styles of high
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vol tage switches; that is, conventional air swtch
versus a conbination air switch with | oad
interrupter. Consult with the Activity to determ ne
their preferences and Station standards. A variety
of high voltage switches are now avail abl e and each
type has their advantages and di sadvantages. This
is also in conparison with a high voltage circuit
breaker. Circuit breakers are nore costly than
fused switches, but may be needed where switching is
frequent and quick reclosing is required.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

CEl EN 60060-2, CEl EN 62271-102, CEI EN 60265-1, and CEl 17-1. High
vol tage switches shall be approved and |listed by a recogni zed European
saf ety organi zation and shall have a "mark of quality" fromsuch an

organi zation. Fulfill all requirenents of the host nation. Provide
swi tches, accessories and features as indicated. Sw tches shall be
insulated for [5][15][24]] ] kV for use on | ] kV system Each stee

unit formng part of the switch structure shall be self-contained and shal
house the switch and all accessories and features. Provide a full height
center and rear conpartment for the[ buses and] outgoing cable
connections.[ Switches shall be designed and constructed for individually
nounted style, free-standing, floor nounted type, and totally

sel f-contained.][ Provide high voltage switch assenbly consisting of
nmultiple, free-standing, floor nounted type switches connected to a conmopn
bus bar system The entire assenbly shall be designed and constructed as
an integrated assenbly. Provide switch |ayout as indicated.] Provide a
steel door for each switch conpartnment. Enclosures shall be designed for]
i ndoor][ outdoor] location and shall conformto CElI EN 60529 for the actua
environnental conditions encountered.[ Design the structure to allow for
future additions.] Provide |am nated plastic naneplates for each switch,]|
neter,] device, and cubicle to identify its function. Provide pernmanent

| abels for wiring and term nals corresponding to the designations on
approved shop drawi ngs. Munt nanepl ates on each conpartnent door.

[2.5.2.1 Conventional Air Switch

CEl EN 60265-1. Provide a three-pole, single-throw deadfront,

net al - encl osed, | oad-break switch with nanual stored energy operator
Switch shall be[ fused, with fuses nounted on a single frame][ non-fused]
and designed for easy inspection[ and fuse replacenment]. The switch shal
be operated by a manually charged spring stored energy nechani sm which
shal | simultaneously disconnect or connect ungrounded conductors. The
noveabl e bl ade of the switch shall be deenergi zed when in the open
position. The nechanismshall enable the switch to close against a fault
equal to the nonentary rating of the switch without affecting its
continuous current carrying or |load interrupting ability. A ground bus
shal |l extend the width of the switch enclosure and shall be bolted directly
thereto. Connect frame of unit to ground bus. The door shall have an

i nspection windowto allow full view of the position of the three switch
bl ades through the closed door. Switch ratings shall be as foll ows:

a. | ] kV, [ ] kV BIL for service on a | ] kV systemwith a
fault close rating of not less than | ] anperes asynmetri cal
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b. The switch shall be capable of carrying continuously or interrupting
[ ] anperes with a nonentary rating of [ ] anperes at | ]
kV.

c. Switch shall have provision for padlocking in the open and cl osed
posi tions.

d.[ Fuses shall be current Iimting type rated | ] anperes conti nuous,
and [ ] anperes interrupting capacity.][ Fuses shall be current
l[imting type rated approximately [ ] percent of the transforner
full-load rating and in accordance with the fuse nmanufacturer's
recomendat i on. ]

1[2.5.2.2 Conbination Air Switch Wth Load Interrupter

Provide a three-pole, single-throw, deadfront, netal-enclosed, |oad-break
switch with load interrupter and manual stored energy operator. The switch
shal | consist of automatic, visible blade disconnects in series wth|
vacuunm[ or][ SF6] interrupters. Provide an interrupter for each phase.
Switch shall be[ fused, with fuses nounted on a single frame][ non-fused]
and designed for easy inspection[ and fuse replacenment]. The switch shal
be operated by a manually charged spring stored energy nechani sm which
shal | simultaneously disconnect or connect ungrounded conductors. The
nmechani sm shall enable the switch to close against a fault equal to the
nonentary rating of the switch without affecting its continuous current
carrying or load interrupting ability. A ground bus shall extend the w dth
of the switch enclosure and shall be bolted directly thereto. Connect
frame of unit to ground bus. Switch ratings shall be as follows:

a. | ] kV, [ ] kV BIL for service on a | ] kV systemwith a
fault close rating of not less than | ] anperes asynmetri cal

b. The switch shall be capable of carrying continuously or interrupting
[ ] anperes with a nonentary rating of [ ] anperes at | ]
kV.

c. Switch shall have provision for padlocking in the open and cl osed
posi tions.

d.[ Fuses shall be current Iimting type rated | ] anperes conti nuous,
and [ ] anperes interrupting capacity.][ Fuses shall be current
l[imting type rated approximately [ ] percent of the transforner
full-load rating and in accordance with the fuse nmanufacturer's
recomendat i on. ]

1[2.5.2.3 H gh Vol tage Switch Assenbly

When indicated, provide nultiple, high voltage switches interconnected by a
conmon bus bar systemto forma switch assenbly.[ Switch configurations
shall be as indicated.][ The switch assenbly configuration shall consist
of: (1) a non-fused switch serving "power input"; (2) a non-fused switch
serving "power output"; and (3) a fused switch serving the power supply to
atransformer.] Switches shall be as specified above. The switch assenbly
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shall include, but is not necessarily limted to, the follow ng:

a. Phase buses and connections: Mount bus structure on insulated supports
of high-inpact, non-tracking, high-quality insulating naterial and
brace bus to withstand the mechani cal forces exerted during
short-circuit conditions when connected directly to a source having
maxi mum of | ] anperes rns synmetrical available. Bus bars shal
be rated | ] anperes and shall be high conductivity copper. Make
bus bar connections frommain buses to the bus studs serving the
respective switches. Equip outgoing switch studs with nmechanical clanp
type cabl e connectors for the size of cables shown. Provide cable
supports for outgoing cables.

b. Gound bus: Provide a copper ground bus sized for full short-circuit
capacity. Secure ground bus to each vertical structure and extend
ground bus the entire length of the switch assenbly. Include
provi sions for naking the station ground connections.

12.5.3 H gh Voltage G rcuit Breaker

CEl 17-1. High voltage circuit breakers shall be approved and listed by a
recogni zed European safety organi zation and shall have a "mark of quality"”
fromsuch an organization. Fulfill all requirements of the host nation
Provide circuit breakers, accessories and features as indicated. Breakers
shal |l be the[ vacuuni[ or][ SF6] type and shall be insulated for
[5][15][24][__]1 kV for use on | ] kV system Each steel unit formng
part of the circuit breaker structure shall be self-contained and shal
house one breaker and a full height center and rear conpartment for the
out goi ng cabl e connections. Equip circuit breaker conpartments with
drawout contacts, rails, disconnecting nmechanismand a cell interlock to
prevent noving the renovable elenent into or out of the "connected"
position while the circuit breaker is closed. Provide a steel door for
each breaker conpartnent. Enclosures shall be designed for[ indoor]]|
outdoor] location and shall conformto CEl EN 60529 for the actua
environnental conditions encountered.[ Design the structure to allow for
future additions.] Provide |aninated plastic naneplates for each rel ay,
switch, nmeter, device, and cubicle to identify its function. Provide
permanent | abels for wiring and termnals corresponding to the designations
on approved shop drawi ngs. Mount namepl ates on each circuit breaker
conpart nent door.

2.5.3.1 Speci fic Requirenents

The circuit breaker shall be an electrically-operated, three-pole, circuit

interrupting device rated for | ] anperes continuous at [ ] kV and
[ ] kV BIL. Breaker shall be designed for service on a | ] kV
systemwith a short-circuit capacity of not less than | ][ anperes

symmetrical][ MVA]. Circuit breaker shall be drawout-nmounted with position
i ndi cator, operation counter, auxiliary switches, and prinmary and secondary
di sconnect devices. Circuit breaker shall be operated by an electrically
charged, nechanically and electrically trip-free, stored-energy operating
nmechani sm Provide for nmanual charging of the mechanism CGircuit breaker
control voltage shall be[ | ] vDCI[ [ ] VAC].[ SF6 circuit
breakers shall be shipped factory filled with SF6 gas.]
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a. Contacts: Silver-plated, nultifinger, positive pressure, self-aligning
type for main drawout contacts.

b. Each drawout breaker shall be provided with three-position operation
The connected position and the test/di sconnect position shall be
clearly identified by an indicator on the circuit breaker front panel

1. Connected position: Contacts are fully engaged. Breaker shall be
tripped before it can be racked into or out of this position

2. Test/disconnect position: Position shall allow for conplete
testing and operation of the breaker w thout energizing the
primary circuit.

3. Wthdrawn (renoved) position: Places breaker conpletely out of
conpartnent, ready for renoval.

2.5.3.2 Breaker Lifter

Provide a portable lifter rated for lifting and lowering circuit breakers
fromcubicles. Portable lifter shall have swivel casters in front for ease
of movenent.[ Provide a lifter for each substation.]

[2.5.4 Addi tional Requirements for Hi gh Voltage Crcuit Breaker

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

NOTE: Use this paragraph for circuit breakers at
the Aviano Air Base in Aviano, Italy. It may be
used (in whole or in part) at other project sites as
approved by the respective Activity.

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

In addition to the requirenents defined in the paragraph titled "High
Voltage Circuit Breaker", provide the follow ng requirenents. Each circuit
breaker assenbly shall be an integrated assenbly consisting of the

foll owi ng subassenblies: (1) circuit breaker; (2) bus bar line switch; (3)
line disconnect switch; (4) ground disconnect switch; and (5) potentia
capaci tor assenbly. Provide operational features as specified bel ow
Qperational variations may be considered and shall only be allowed where
specifically approved by the Contracting Oficer. Provide auxiliary
conponents such as[ control and instrunent transforners,][ neasuring
instrunents,][ and] power relays as indicated on the draw ngs and as
specified hereinafter. Panel (door) covers on the front of the primary
switch assenbly shall include nmicroswitches that are electrically
interlocked with the bus bar line switch. Wen any panel cover is opened,
the mcroswitch shall cause the bus bar line switch to open

.5.4.1 Crcuit Breaker
CEl 17-1. The circuit breaker shall be the SF6 circuit breaker type with a
renovabl e carriage assenbly, nmounted in its own cell and on suitable

service skids. The service skids shall facilitate the breaker's extraction
for inspection and nai ntenance operations. Each circuit breaker shall be
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equi pped with the follow ng features:

a. Manual operation by neans of pre-charged spring.

b. Mechanical indication of "charged", or "not charged"” spring nechani sm
c. Auxiliary relay to indicate when circuit breaker is open

d. Auxiliary contacts.

e. Mechanical interlock with the bus bar line swtch

f. Plug-in outlet for auxiliary features, operated by the circuit breaker
carri age.

g. Electrical indication of the circuit breaker's open position (provide
red pilot lanp) and cl osed position (provide green pilot |anp).
Provide | anp assenblies with |anp test feature.

h. Electrical characteristics shall be as foll ows:

1. Rated voltage ............ . ... [24]] __1kV
2. Rated current . ...... ... ... 630 A
3. Rated frequency ......... ... . 50 Hz
4., Wthstand voltage at 50 Hz for 1 minute .............. 50kV
5. Inpulse withstand voltage .......................... 125 kV
6. Short tine current withstand 3 seconds .............. 16 kA
7. Symetrical breaking capacity ............ 14.5 kA at 20 kV

equal to 500 MVA
8. Rated making capacity ........... ... .. i, 40 kA
2.5.4.2 Vol t age Transforners

Provi de voltage transforners as defined in the paragraph entitled "Control
and | nstrunent Transfornmers".

2.5.4.3 Bus Bar Line Switch

CEl EN 60265-1. Each circuit breaker assenbly shall include a rotary type,
bus bar Iine switch which shall isolate the circuit breaker fromthe
switchgear's bus. The switch shall be mounted on resin epoxide insulators
wi th high discharge surface of specialized construction to allow for
installation in high noisture anbient and shall be resistant to partia
power di scharge. The switch shall provide separati on between the bus bar
and the circuit breaker with the circuit breaker either in its open
position or close position. Provide switch with keyed interlock with the
ground di sconnect switch. Keyed operation shall allow the ground
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di sconnect switch to be closed only when the bus bar line switch has first
been opened. The bus bar line switch shall also be interlocked with the
line disconnect switch. Both switches shall open sinultaneously.

El ectrical characteristics shall be as follows:

a. Rated voltage ........... ... ... .. . ... [24]] __] kV
b. Rated current . ........ .. ... 630 A
C. Wthstand voltage at 50 Hz for 1 minute .............. 50 kV
d. I mpul se withstand voltage ........................... 125 kV
e. Short time current withstand 1 second ................ 16 kA
f. Dynamic limt current (peak) ......................... 40 kA

.5.4.4 Li ne Di sconnect Swi tch

CEl EN 60265-1. Each circuit breaker assenbly shall include a rotary type,
i ne di sconnect switch which shall isolate the circuit breaker fromthe
primary distribution system|[ Switch construction shall be the sane as
required for the bus bar line switch.][ The switch shall be nounted on
resin epoxide insulators with high discharge surface of specialized
construction to allow for installation in high noisture anbient and shal
be resistant to partial power discharge. The switch shall provide
separati on between the bus bar and the circuit breaker with the circuit
breaker either in its open position or close position.] Provide interlock
with the bus bar line switch. El ectrical characteristics shall be as
fol | ows:

a. Rated voltage ......... .. ... .. . .. . . . e [24]] __] kV
b. Rated current ......... . ... 630 A
c. Wthstand voltage at 50 Hz for 1 minute .............. 50 kV
d. Inpulse withstand voltage ........................... 125 kV
e. Short time current withstand 1 second ................ 16 kA
f. Dynamic linmt current (peak) ......................... 40 kA

.5.4.5 Ground Di sconnect Switch

CEl EN 62271-102. Each circuit breaker assenbly shall include a ground

di sconnect switch for the purposes of "grounding-out” the |lower cell of the
switch assenbly. The ground disconnect switch shall be designed to

wi thstand 16 kA for 1 second at a voltage value of [24][ ___ ] kV. Provide
the foll ow ng features:

a. Manual control on front of the primary switch assenbly.

b. Mechanismon the front of the prinmary switch assenbly to indicate if
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the switch is open or if it's closed.
c. Renovable control |ever
d. A keyed nechanical interlock with the bus bar line switch
2.5.4.6 Potential Capacitor Assenbly

Each circuit breaker assenbly shall include a potential capacitor assenbly.
The potential capacitor assenbly shall indicate if the |lower cell of the
switch assenbly is electrically energized. The assenbly shall include a
snmal | capacitor and di sconnect switch with an indicator |anp. Wenever the
lower cell is energized the lanmp shall illumnate. Provide a |anp test
switch. The assenbly shall be rated for [24][__ ] kW

1]2.5.5 Protective Power Relays and Associ ated Devices

EE R R R R R R R R R R R R R R R R R R R R R I R I I R

NOTE: The definition and application of device
function nunbers used in electrical substations and
switchgear are found in | EEE C37.2, "I|IEEE Standard
El ectrical Power System Device Function Nunbers.”
The European power industry also uses these device
function nunbers. For description and application
of commonly used relays, refer to M L-HDBK-1004/ 3,
"Swi tchgear and Relaying." This guide specification
does not cover all possible relay applications.
Choose only the relay types applicable to the
specific project.

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

Protective power relays and associ ated devices shall be solid-state type[
or induction type] enclosed in rectangul ar, sem flush, swi tchboard-type
drawout cases with indicating targets and provisions for testing in place
by use of nanufacturer's standard test blocks or test switches. One
conplete set of test blocks or test switches to fit each type of relay in
t he equi pnent shall be provided. Auxiliary and | ockout relays are not
required to have drawout cases or test provisions. Controls, relays, and
protective functions shall be provided conpletely assenbl ed and wired.

a. Solid-state type relays with nultiple functions may be subnitted for
consi derati on and approval by the Contracting O ficer. Miltiple
functional relays may include additional features which are not
specified. Protection and control functions that are provided and
activated in addition to those functions that are specified shall be
recomended by the equi pnrent manufacturer and approved by the
Contracting O ficer.

b. Additional functions that are provided but not approved shall be
capabl e of being totally deactivated. Unused protection features shal
not affect the proper operation of the relay protection system as
intended in this design. This shall especially apply to instantaneous
operational features which are undesirable when tine delay features and
selectivity features are required
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2.5.5.1 Rel ay Requirenents

Protective power relays and associ ated devices shall include, but not
necessarily be limted to, the foll ow ng:

a.

[ d.

Phase overcurrent relays (device [50/]51): Provide | ] sets of
three tinme overcurrent relays responding to phase currents wired to
trip associated circuit breakers upon the occurrence of a current above
the tap setting of the relays. Each relay shall have inverse tine

characteristics with a tap range of | ] to | ] anperes.[ Each
relay shall be equi pped with an instantaneous overcurrent unit having a
pi ckup val ue over the range of [ ] to | ] anperes.][ Relays
shal | be Type | 1.1

Ground overcurrent relays (device [50/]51N): Provide a tine
overcurrent relay responding to ground (residual) current, wired to
trip the associated circuit breaker upon occurrence of ground current
above the tap setting of the relay. Relay shall have[ very]]
extrenely] inverse tine characteristics with a tap range of | ] to
[ ] anperes.[ Relay shall be equi pped with an instantaneous
overcurrent unit having a pickup val ue adjustable over the range of

[ ] to | ] anperes.][ Relays shall be Type | 1.1

Ground overcurrent relays (device 51IN): Provide a tine overcurrent
relay responding to ground (residual) current, wired to trip the
associ ated circuit breaker upon occurrence of ground current above the
tap setting of the relay. Relay shall have[ very][ extrenely] inverse

time characteristics with a tap range of | ] to | ] anperes.|
Rel ay shall be equi pped with an instantaneous overcurrent unit having a

pi ckup val ue adj ustabl e over the range of | ] to | ] anperes.]|
Rel ays shall be Type [ 1.1

Fault pressure relay (device 63): Provide a fault pressure rel ay
sensitive to rate of rise of transfornmer tank pressure to detect
internal faults in transfornmer windings. Fault pressure relay shall be
wired to a conpatible auxiliary seal-in relay (Device 63X), which shal
trip primary circuit breakers and transforner secondary breakers of the
associ ated transformer via a |lockout relay. Fault pressure relay shal
be transforner nounted and auxiliary relay shall be panel nounted in a
sem flush case. Auxiliary relay shall have trip-indicating targets.]

Directional phase overcurrent relays (device 67): Provide | ] sets
of three directionally controlled tinme overcurrent relays sensing phase
current, wired to trip associated circuit breakers upon a current
exceeding the tap setting in the direction indicated. Relays shal

have a voltage pol arized directional unit and an inverse tine
characteristic overcurrent unit. Overcurrent unit shall have a tap
range of | ] to | ] anperes.[ Relays shall be Type [ 1.1

Lockout relays (device 86): Provide hand reset, electrically tripped,
hi gh-speed auxiliary relays where indicated. Relays shall be tripped
by the indicated devices and shall be wired to trip the associated
circuit breaker and prohibit closing of the circuit breaker by |oca
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and renote controls until the |ockout relay has been reset by hand to
its normal position. Each relay shall be provided with the nunber of
contacts required to performthe indicated function and, in addition
shal |l have a mininmumof two spare normally closed contacts and two
spare nornally open contacts.

g. Thernmal relay (device 49): Provide a winding thermal relay, with
associ ated accessories including an electronic control unit. Equi pnent
shal | indicate the winding tenperature of the transfornmer and shal
serve the electronic control unit. The control unit shall provide
autonmatic cooling fan control and shall serve the alarmsystemto
provide a high tenperature alarmfeature and a hi gh-high tenperature
shutdown feature.[ Provide features necessary for renote indication of
hi gh tenperature al arm and hi gh-hi gh tenperature shutdown and
connection to[ an existing renpte central nonitoring system[ a future
Supervi sory Control and Data Acquisition (SCADA) Systen].[ The
existing remote central nmonitoring systemis made by | ],

[ rodel nunber | 11[ styleltype | ]]. The new system
shal|l be totally conpatible with the existing system The Contractor
shal|l be totally responsible for coordinating and interfacing al
interrelated equi pnent to the existing renote central nonitoring
system]]

h. Auxiliary control relays: Provide as required to inplenent protective
functions and interlocking as indicated. Auxiliary relays shall have
contacts rated to carry 30 anperes for one nminute and 12 anperes
continuously. Coils shall be a long-life design with a projected
service life of 40 years.

1. Auxiliary relays used for tripping circuit breakers shall be
mul ti contact, high-speed relays operating in one-half cycle or
| ess.

2. Auxiliary relays for functions other than tripping circuit
breakers shall be normal -speed rel ays operating in two cycles or
| ess.

3. Auxiliary timng relays shall be[ solid state][ or]]
el ectro-pneunmatic] relays with contacts rated for at |east the
| oad they are controlling.

5.6 Pilot and Indicating Lights for Hi gh Voltage Equi pnent

Provide pilot and indicating |lights as indicated, as specified, and as

ot herwi se required or recommended by the nanufacturer of the respective

el ectrical power equipnent. Lights shall be transfornmer, resistor, or

di ode type. Color of lens covers shall be as indicated. Were the |lens
color is not specified, provide a color that is recomrended by the

equi pmrent manufacturer. Each light shall have a | egend plate which defines
the function that is being indicated. (Exanples: open, closed, tripped,
and so forth.)

5.7 Prinmary Transition Section
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NOTE: Transition section should only be specified
wher e absol utely necessary.

EE R R R R R R R R R R R R R E R R R R R R R R R R R R I R

Provide transition section for cable or bus connections to the transfornmer
primary termnals. Support connections between the high-voltage incom ng
section and the transforner primary by porcelain insulators, and size and
brace the cable or bus to withstand the specified available fault.

2.6 POVNER TRANSFORMERS

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

NOTE: Indicate and specify the type of transforner
(or transforners) required for the project, that is,
liquid insulated type versus dry type. Selection
and design shall be based upon the foll ow ng:

1. Consult with the Activity regarding preferences
for transfornmer type (liquid insulated versus dry
type). The designer nust be aware of environnenta
requirenents of the host nation. Q1 insulated
transforners may require spill contai nment systens
that are expensive and require significant space and
under ground buri al

2. As a result of the environnmental issues, the
Aviano Air Base (Aviano, Italy) requires dry type
transforners that nust be nounted indoors.

3. If liquid insulated transfornmers are specified,
then specify mineral oil insulation wherever

possi ble. Less-flammble Iiquid insulated
transforners may be used as approved by the Activity
and when installed in accordance with the host
nation's safety and environnental requirenents. For
interior liquid insulated transfornmers conply with
all requirenments defined in M L-HDBK-1008, "Fire
Protection for Facilities Engineering, Design, and
Construction"” and with the host nation's safety and
envi ronnental requirenents.

4, If it is anticipated that future | oad
requirenents will necessitate increasing the
capacity of the transforner, the specification for
the transformer should require the provision of
conponents and brackets for future forced air
cooling and nechanical circulation for the cool ant
fluid (if liquid insulated).

5. If forced-air-cooling is immediately specified,
define such requirenents on the draw ngs, provide
associ ated details, and define the operationa
control features
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CEl 14-8, CEI EN 60076-1, CEI EN 60076-2, CEl EN 60076-10. Power
transformers shall be approved and |isted by a recogni zed European safety
organi zation and shall have a "mark of quality" fromsuch an organization
Conply with requirenments of the host nation. Transforners shall be[

forced-air-cooled,][ oil insulated][ l|ess-flanmable liquid insulated][ dry
type] rated | ] kVA, 50 Hz, three-phase, | ] kV, [ ] kV BIL,
primary connected[ delta][ we] to | ] V secondary connected[ delta]]

wye]. High voltage bushings and | ow vol tage bushi ngs shall be coordi nated
to provide the optimum connections to the respective high voltage and | ow
vol t age power equi pnment and the associ ated equi pnent to which the
transformer is connected. Bushings shall be accessible for connection

i nspection and nmai ntenance purposes.[ Forced-air-cooling fans shall have|
autonmatic tenperature control unit][ w nding tenperature indicator with
sequence contacts].] Mnimumtested i npedance shall be not |ess than

[ ] percent. Transformers shall have [four][ ] externally operated
2 1/2 percent full capacity taps, [two]] ] above and [two] ] ] bel ow
rated voltage. Provide |ow voltage neutral bushings on units having we
connected | ow vol tage wi ndings. Transforner shall have stainless steel or

| aser etched anodi zed al um num di agrammati ¢ nanmeplate. Transformer's sound
| evel s shall be in accordance with CEI EN 60076-10.[ All transforners
shal | be designed and approved for parallel operation. Provide natching
and electrically identical transfornmers that are parallel connected.]]
Transformer shall have fully equi pped provisions for the future and sinple
addition of automatically controlled cooling fans.]

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: 55/65 degrees C rise provides an additiona
12 percent kVA capacity when the unit is operated at
65 degrees C. This is a safe neans of overl oadi ng
the base kVA rating of a transforner wthout
affecting its life. Additional cost for 55/65 rise
is mninml when conpared to the purchase of the next
| arger standard kVA size unit.

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

6.1 [Liquid Insulated ][Less-Flammabl e Liquid Insulated ] Transforners

CEl 14-13. [ Liquid insulated][ Less-flammable |iquid insulated]
transformers shall have an insulation systemrated] 55/65][ 65] degrees C
rise to allow transfornmers to have a conti nuous overload capacity of 12
percent at rated voltage wi thout exceeding 65 degrees C wi nding tenperature
ri se above 40 degrees C nmaxi mum anbient. Provide identification of
transformer as "non-PCB" on the naneplate. The insulated |iquid shall be[
a mneral oil][ a less-flammable insulated liquid].[ The |less-flamuable
insulated liquid shall have a fire point not |ess than 300 degrees C and a
dielectric strength not less than 33 kV. Do not provide nonfl amabl e
transformer |liquids including askarel and insulating |iquids containing

pol ychl ori nat ed bi phenyls (PCB' s), tetrachl oroethyl ene (perchloroethyl ene),
chl ori ne compounds, and hal ogenat ed conpounds.] Each transforner shal

i nclude the follow ng devices.

a. Pressure-vacuum gauge.
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b. Bucholtz relay and associated control circuitry.

c. Pressure relief device.

d. Thernonmeter,[ dial type][ digital electronic type].
e. Liquid-level gauge, dial type.

f. Drain valve with sanpling device.

g. Upper filter plug.

h. G ound connection provi sions.

i. VLifting lugs (4 mninmun).

[j. Electronic type tenperature alarmand control unit with: (1) high
tenperature alarmfeature; (2) high-high tenperature shutdown feature;
(3) all control devices for operating automatically controlled cooling
fans, and (4) all associated control circuitry. Provide a separate
tenperature sensor or conbine operations with the transforner's
t her nonet er. |

.6.2 Dry Type Transforners

CEl 14-8. Dry type transforners shall be the cast resin type, thernal
class F, Dyn 11 vector group, and provided with a ventilated netal

encl osure. Enclosure shall be rated [IP 31][___ ] (except the bottom nay be
rated [IP 21][___]) in accordance with CEl EN 60529. The transforner's
core shall be conposed of nmmgnetic sheets, grain oriented, cold | am nated
and provided with mneral oxide insulating material. All magnetic sheets
shall be treated with corrosion protection. Hi gh voltage and | ow vol t age
wi ndi ngs shall be aluminumw th cast epoxy resin applied by a vacuum
process. FEach transforner shall include the follow ng devices:

a. Wnding thermal sensors with term nation box and digital tenperature
di splay unit.

b. G ound connection provisions.
c. Lifting lugs.

d. Sliding rollers with nounting channels and provisions for seismc
anchori ng.

e. Hooks for towing in all directions.

[f. Electronic type tenperature alarmand control unit with: (1) high
tenperature alarmfeature; (2) high-high tenperature shutdown feature;
(3) all control devices for operating automatically controlled cooling
fans; and (4) all associated control circuitry. Provide separate
tenperature sensors or conbine operation with the digital tenperature
di splay unit.]

SECTI ON 16364 Page 28



2.

2.

| GSVAY04

6.3 Secondary Transition Section

The secondary transition section shall have a hinged front panel, a | ]
anpere, three-phase,[ three][ four]-wire[ insulated] main bus and
connections, a ground bus, necessary term nal blocks, wiring and control
buses,[ control power transformer,] and all associ ated supports.

7 SUBSTATI ON' S QUTGO NG SECTI ONS:  LOW VOLTAGE SW TCHGEAR AND CONTROLGEAR

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: A variety of features are available for | ow
vol tage switchgear. These features are dependent
upon the anpacity rating of the sw tchgear

Swi tchgear up to 3200 anps is available that can be
nmount ed against a wall and all terminations are
accessible fromthe front. Larger anpacity

swi tchgear requires rear access for power conductors
term nations. The designer nust determ ne equi pnent
availability for the anpacities selected and nust
provi de a design |ayout that provides proper and
saf e access around the switchgear. |f power air
circuit breakers are selected, then they shall be
drawout type and rear access shall be provided.
Lastly, it is customary European practice
(Contractor's preference) to nount notor controllers
with their respective circuit breakers.

Subsequently, notor control features are included in
this specification and nust be edited accordingly.

I nclude EN 60947-7-1 if the switchgear includes
either notor control features or electrical netering.

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

CEl EN 60439-1, CEl EN 60439-2, CEl EN 60529, CEl EN 60947-1,[ and] CEI EN
60947-2[, CEI EN 60947-4-1,[ and] CEI EN 60947-5-1][, and CEl EN 60947-7-1
]. Low voltage sw tchgear shall be approved and |listed by a recognized
Eur opean safety organi zati on and shall have a "mark of quality" from such
an organi zation. Low voltage sw tchgear shall be deadfront,

net al - encl osed, self-supported type and factory assenbled. Miin bus shal

be rated | ] anperes at [380Y/220]] ] volts, three phase, five
wires (3 PH& N & G, for a [TNG] ] type distribution system
and shall have a short-circuit-current rating of [ ] rns symmetrica

anperes. Voltage and anperage ratings shall be based upon a 40 degree C
environnent. Bus bars shall have an "insul ation degree 4" rating. Devices
shal |l be front accessible. Align sections of |ow voltage switchgear in
front and rear. Provide |ow voltage switchgear in an enclosure that is
approved for the environment that is actually encountered and in accordance
with CEl EN 60529. Low voltage switchgear shall be conpletely factory

engi neered and assenbl ed, including protective devices and equi pnent

i ndi cated with necessary interconnections[, instrunentation, and control
wiring].[ Provide provisions for future extension of the sw tchgear.]
Circuit breakers that serve auxiliary equi pnent shall be in accordance with
CEl EN 60934. Fuses that serve auxiliary equi pnent shall be in accordance
with CEl EN 60269-1
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2.7.1 Low Vol tage Switchgear's General Sel ection

EE R R R R R R R R R R R R R E R R R R R R R R R R R R I R

NOTE: Low voltage switchgear can be specified with
the manufacturer's standard partitioning
configuration or with partitioning forns in
accordance with EN 60439-1. Form 2 provides
upstream and downstream partitioning of the incom ng
device, partitioning of the busbars, and upstream
term nal shields on installed devices. Form3
includes all the partitioning features of Form 2
plus it also provides horizontal barriers. Form4
includes all the features of Form 3 plus downstream
term nal shields on notor control circuit breakers
and personnel protection against contact with
functional units. The higher the form nunber, the
nore expensive the switchgear. |f power air circuit
breakers are specified for the distribution section
then Form 4 partitioning nust al so be specified.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O O R

Low vol tage switchgear type required for this project is a main service
style | ow vol tage switchgear. Switchgear shall be provided as indicated on
the drawi ngs and as specified in this specification

2.7.1.1 Mai n Service Style Low Vol tage Sw tchgear

Swi tchgear shall include[ front and rear access][ front access only].
Conductor termination access shall be provided fromthe[ front][ rear] of
the switchgear.[ The sw tchgear shall be designed and constructed for

nounting against a wall.][ Manufacturer's standard partitioning shall be
provided.][ Provide fornf 2] [ 3][ 4] partitioning in accordance with CE
EN 60439-1.]

2.7.2 Bus Bars

CEl EN 60439-2. Bus bars shall be[ copper][ or][ alumnuni. Make bus
connections and joints with hardened steel bolts.[ Provide pressure
(Belleville) washers on al um num bus connections and joints.] A
full-capacity bus shall connect sections together[ and shall have
provisions for future extension]. Buses shall be conpletely insulated from
t he devices so that the only exposed energi zed parts will be at the point

of connection to devices. Support and brace the buses for the
short-circuit current specified. Provide and secure ground bus to each
vertical section and extend ground bus the entire I ength of the structure.
Si ze neutral bus for [100]] ] percent of full |oad anperes.

2.7.3 Main Protective Device
Provide individually nounted[ drawout][ stationary] main circuit breaker
renovable fromthe front of the switchgear. The circuit breaker shall be

the[ low voltage power air circuit breaker][ conpact (nolded case) circuit
breaker] type. Service, maintenance and replacenment of the circuit breaker
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shal | be accomplished fromthe front of the switchgear

EE R R R R R R R R R R R R R E R R R R R R R R R R R R I R

NOTE: Choose one of the follow ng options. Be sure
to define all electrical ratings (anps, volts,
AIC/MC) on the drawi ngs. Provide ground fault
protection of equipnent for solidly grounded we

el ectrical services of nore than 150 volts to ground
for each service disconnect rated 1000 anperes and
hi gher.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

[2.7.3.1 Conpact (Ml ded Case) Circuit Breakers

CEl EN 60947-2. Provide[ manual ly][ electrically] operated, 100 percent
rated, and with electrical ratings as indicated on the drawings. Series
rated and cascade rated circuit breakers are unacceptable. Breaker frane
size, sensor rating, and overcurrent protective device (rating plug) shal
be as indicated. Breaker shall be equipped with solid-state trips, wth
current sensors and solid-state logic circuits integral to the circuit
breaker. The solid-state trip device shall provide adjustable anmpere
settings with adjustable long tine delay[,][ and] adjustable short tine
del ay[ and adjustable ground fault] characteristics so that branch breakers
will normally trip first on overload and at |lower fault current |evels.
Settings shall be | ocated behind cover to deter tanpering.

1[2.7.3.2 Low Vol tage Power Air Circuit Breaker

CEl EN 60947-2. Provide[ electrically][ manually] operated, 100 percent
rated, stored energy drawout |ow voltage power air circuit breaker wth
electrical ratings as indicated on the drawi ngs. Breaker frane size,
sensor rating, and overcurrent protective device (rating plug) shall be as
i ndicated. Equip breaker with solid-state trip device with adjustable |ong
tinme[,][ and] adjustable short tinme[ and adjustable ground fault] tripping
characteristics so that branch breakers will normally trip first on
overload and at lower fault current levels.[ Equip electrically operated
breakers with notor-charged, stored-energy closing nechanismto permt
rapi d and safe closing of the breaker against fault currents within the
short time rating of the breaker, independent of the operator's strength or
effort in closing the handle.]

a. Contacts: Silver-plated, nultifinger, positive pressure, self-aligning
type for auxiliary, control, and nmmin drawout contacts.

b. Each drawout breaker shall be provided with four-position operation
Each position shall be clearly identified by an indicator on the
circuit breaker front panel

1. Connected Position: Primary and secondary contacts are fully
engaged. Breaker nust be tripped before racking into or out of
posi tion.

2. Test Position: Primary contacts are di sconnected but secondary
contacts remain fully engaged. Position shall allow conplete test
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and operation of the breaker w thout energizing the prinary
circuit.

3. Disconnected Position: Prinmary and secondary contacts are
di sconnect ed.

4, Wthdrawn (Renoved) Position: Places breaker conpletely out of
conpartment, ready for renoval. Renobval of the breaker shal
actuate assenbly which isolates the prinmary stabs.

12.7. 4 Di stribution Section

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

NOTE: Coordinate drawi ng details and el evati ons

with specification. Define on the draw ngs which
feeder breakers (if any) are to have solid-state

trip devices.

Secondary feeder breaker trips will not necessarily
be uniformy set. Coordinate trip settings with the
upstream mai n breaker and with all downstream | oad
br eakers.

The distribution circuit breakers can be either
group nounted or individually nounted. Availability
of mounting styles may be limted relative to the
circuit breaker's frane size. Larger frame sizes
are only available as individually nounted circuit

breakers. Individually nounted circuit breakers may
require rear access to the switchgear. Therefore,
t he substation cannot be nounted against a wall. |If

the switchgear includes notor starters, then

i ndi vidual ly nounted equi pnent is preferred. The
designer is responsible for the |ayout, access and
cl earances of the entire unit substation. Be sure
t hese physical elenents are fully defined and
coordi nated between the drawi ngs and the

speci fications.

Speci fy conpact (nolded case) circuit breakers
unl ess power air circuit breakers are specifically
desired and approved by the Station/Base.

EE R R R R R R R R R E R R R R R R R R R R E R R R R R R O R

[CEI EN 60947-2. Provide[ group][ individually] nounted, stationary style,
conpact (nolded case) circuit breakers arranged to allow renoval and

i nterchanging fromthe front of the | ow voltage sw tchgear without

di sturbi ng adj acent breakers or associ ated devices. Provide electrica
ratings (anps, volts, AICMC) as indicated on the drawings. Series rated
and cascade rated circuit breakers are unacceptable. Were indicated,
"space" shall nmean to include bus, device supports, connections and al
conponents required to provide for the direct and sinple installation of a
future circuit breaker. Spaces shall be fully equi pped so that only the
circuit breaker needs to be obtained in order to "activate" the space.|
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Each individually nounted breaker and associ ated devices shall be isolated
inits own conpartnent and shall be positioned vertically with operating
handl es extendi ng through a hinged front cover. Each breaker shall be

i ndi vidual |y bus connected to the nmain bus of the | ow voltage sw tchgear.]
The | oad side of each breaker[ (or associated power device such as a[ notor
starter][ or][ contactor])] shall be bus connected to cable lugs. Provide
addi ti onal conponent and accessories (such as[ notor starters,]]|
contactors,][ control switches,] pilot lights, termnal boards, and so
forth) as indicated on the draw ngs.]

[ CEI EN 60947-2. Provide individually mounted,[ electrically][ manually]
operated, 100 percent rated, stored energy drawout |ow voltage power air
circuit breakers with electrical ratings as indicated on the draw ngs.
Breaker franme size, sensor rating, and overcurrent protective device
(rating plug) shall be as indicated. Equip breakers with solid-state trip
device with adjustable long tine[,][ and] adjustable short tine[ and
adj ustabl e ground fault] tripping characteristics so that branch breakers
will normally trip first on overload and at |lower fault current |evels.
Settings shall be | ocated behind cover.[ Equip electrically operated
breakers with notor-charged, stored-energy closing nechanismto permt
rapi d and safe closing of the breaker against fault currents within the
short time rating of the breaker, independent of the operator's strength or
effort in closing the handle.] The |oad side of each breaker[ (or
associ at ed power device such as a[ notor starter][ or][ contactor])] shal
be bus connected to cable lugs |ocated at the rear of the | ow voltage
swi tchgear. Provide additional conmponent and accessories (such as[ notor
starters,][ contactors,][ control switches,] pilot lights, term nal boards,
and so forth) as indicated on the draw ngs.

a. Contacts: Silver-plated, nultifinger, positive pressure, self-aligning
type for auxiliary, control, and nmin drawout contacts.

b. Each drawout breaker shall be provided with four-position operation
Each position shall be clearly identified by an indicator on the
circuit breaker front panel

1. Connected Position: Primary and secondary contacts are fully
engaged. Breaker nust be tripped before racking into or out of
posi tion.

2. Test Position: Primary contacts are di sconnected but secondary
contacts remain fully engaged. Position shall allow conplete test
and operation of the breaker w thout energizing the prinary
circuit.

3. Disconnected Position: Prinmary and secondary contacts are
di sconnect ed.

4, Wthdrawn (Renoved) Position: Places breaker conpletely out of
conpartment, ready for renoval. Renobval of the breaker shal
actuate assenbly which isolates the prinmary stabs.

1[2.7.4.1 Solid-State Trip Devices

SECTI ON 16364 Page 33



| GSVAY04

[Where specifically indicated, circuit breakers J[Crcuit breakers ]shal

be equi pped with solid-sate trips, with current sensors and solid-state
logic circuits integral to the circuit breaker. The solid-state trip

devi ce shall provide adjustable anpere settings with adjustable long tine
del ay, and adjustable short tine delay characteristics so that branch
breakers will normally trip first on overload and at |ower fault current

| evel s. Settings shall be | ocated behind cover to deter tanpering.[ Were
specifically indicated, provide ground fault protection having solid-state
circuitry as an integral part of the solid-state trip device.]

1[2.7.4.2 Circuit Breaker Handl es

Handl es for individually nmounted devices shall be of the sane design and
net hod of external operation. Label handles promnently to indicate device
anpere rating, color coded for device type. Identify ONOFF indication by
handl e position and by proni nent narking.

12.7.5 Mot or Control Features

EE R R R R R R R R R R R R R R R R R R R R R R R I

NOTE: Mbtor and notor controller specifications
shal | be thoroughly coordinated with and
cross-referenced in all affected sections which
specify notor operated and notorized equi pnent.
Delete all "nmotor control feature" paragraphs if the
swi tchgear does not include any notor starters.

O herwi se, edit the respective paragraphs based upon
the actual project design and conditions.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

CEl EN 60947-4-1, CEl EN 60947-5-1, and CEl EN 60947-7-1. The phrases
"motor controller"” and "motor starter" shall mean the sane thing and shal
be interchangeable. Mdtor control features shall include, but not
necessary be limted to, the follow ng requirenents:

a. Circuit breakers shall be specifically rated for notor service and the
final breaker selection shall be coordinated with the actual notor
provided. Simlarly, nmotor starters shall have utilization category
that is coordinated with the actual notor provided.

b. Electrical ratings of circuit breakers and notor starters shall be as
i ndi cated on the drawi ngs unless the size of the notor and equi prent
served has been revised fromthe size indicated. Final electrica
rati ngs shall be coordinated with and based upon the actual size and
type of the notor and equi pnent served.

c. Mtor starters shall have thernmal overload protection in each phase and
shal | have one spare normally open and one spare nornmally cl osed
auxiliary contact. Overload protective devices shall provide adequate
protection to the notor w ndings; shall be the thernmal
inverse-tine-limt type; and shall include a nmanual reset type
pushbutton on the outside of the | ow voltage switchgear door cover

d. Magnetic type notor starters shall have undervol tage protection when
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used with nonentary contact pushbutton sw tches and shall have
undervol t age rel ease when used with nmaintai ned contact pushbutton
swi t ches.

e. Wen used with pressure, float, or simlar autonatic type of nmintained
contact switch, notor starter shall have hand/of f/automatic sel ector
switch. Connections to the selector switch shall be such that only
normal autonmatic regulatory control devices are bypassed when the
switch is inits "hand" position. Safety control devices (such as | ow
and hi gh pressure cutouts, high tenperature cutouts, and notor overl oad
protective devices) shall be connected in the notor control circuit's
"hand" and "automatic" positions.

f. Control circuit connections shall be nade in accordance with an
approved wiring diagram Fulfill instructions and recomendati ons of
all associ ated manuf acturers.

g. For each notor not in sight of its notor starter, the starter's
di sconnecting neans shall be capable of being |ocked in its open
position. As an alternative, provide a nmanually operated, |ockable,
nonfused switch within sight of the notor and which di sconnects the
notor fromits supply source.

h. Provide enclosures rated for the actual environnent encountered and in
accordance with CElI EN 60529.

2.7.5.1 Control Circuits

CEl EN 60947-5-1. Control circuits shall have maxi num vol tage of 220
volts. Coordinate control circuits with the actual notors and equi pnent
provided. Fulfill all instructions and reconmendati ons of the associ ated
equi pnment manufacturers.

2.7.5.2 Mul ti pl e- Speed Motor Controllers and Reversible Mdtor Controllers

Provi de across-the-line-type, electrically and nmechanically interl ocked
type. Muiltiple-speed controllers shall have conpelling relays and shall be
mul tiple-button, station-type with pilot lights for each speed.

2.7.5.3 Pushbutt on Swi t ches

Provi de pushbutton switches with "start/stop" nonentary contacts having one
normal Iy open and one normally closed set of contacts, and a red pil ot

light to indicate when notor is running. Switches shall be heavy duty,
oil-tight type.

2.7.5.4 Pilot Lights

EE R R R R R R R R R E R R R R R R REEEERE R EEEE R R R R R R R R

NOTE: Requirenents for pilot lights nust be defined
either on the drawings or in the specification
section which specifies the notor operated or
electrified equi pnent. The color of |lens covers
nmust al so be defined and coordi nat ed.
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Provide transformer, resistor, or diode type pilot lights. Color of lens
covers shall be as indicated. Were the Iens color is not specified,
provide a color that is recomended by the equi pmrent manufacturer. Each
pilot light shall have a |l egend plate (30 mm by 40 mm m ni num si ze) which
defines the function that is being indicated. (Exanples: on, off, run,
enmergency stop, and so forth.)

.7.5.5 Term nal Bl ocks

CEl EN 60947-7-1. Al field wiring that serves a control circuit shall be
termnated in a dedicated termnal block (or blocks) that is nounted in the
| ow vol tage swi tchgear cubicle that serves the associated notorized

equi pnent .

7.5.6 Reduced- Vol t age Motor Starters

EE R R R R R R R R R R R R R R R R R R R R R R R I

NOTE: The desi gner nust deternine, based on the
power system characteristics and notor usage, where
reduced-voltage starters nust be specified. See

M L- HDBK- 1004/ 4, "El ectrical Utilization Systens,"
for detailed discussion of these reduced voltage
starter types and for guidance in their selection
and application.

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

Reduced-vol tage notor starters shall be single-step, closed transition]
autotransforner type,][ or][ reactor type,][ or][ primary resistor type,]]|
or][ solid state type,] and shall have adjustable tinme interval between
application of reduced and full voltages to the notor. The final notor
starter selected shall be approved by the manufacturer of the equi pment
served.

7.6 El ectrical Metering for Low Voltage Sw tchgear

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Coordinate with the Activity to determ ne
Station requirenments, preferences and any specia
requirenents for connecting to existing basew de
noni toring systens, if any. Not all |ow voltage
swi tchgear warrant netering. Be sure to show
metering on the drawi ngs both on the electrica
power diagrans and on the elevation view of the | ow
vol tage switchgear. Also, current transforner sizes
and quantities nust be defined on the drawings. Do
not specify waveform capture features and

conmuni cati on features unless specifically
instructed. Draw ngs nust also define where neters
with circuit nonitoring functions are specifically
required.

EE R R R R R R R R R E R R R R R R R R ERE R E R R R R R
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Provi de switchboard style, electronic, digital multineters with quantity
and | ocations as indicated on the drawings. Meters shall be the

sem -drawout, sem -flush nounted type and mounted on the panel cover of the
| ow vol tage switchgear. Meters shall be coordinated with the electrica
system requirenents and shall conformto CEl EN 61010-1. Meters shal
nmeasure true RMS val ues through the 31st harnonic val ue, shall have a

m ni mum accuracy of [1.0][___ ] percent. Meter display readings shall be
direct values and shall not require any multiplier factors. Voltage input
shal |l be direct and shall not require voltage transfornmers. Provide fuse
protection for each phase conductor of the voltage supply circuit. Fuses
shall conply with CEI EN 60269-1 and shall be selected and sized as
recommended by the neter manufacturer. Provide a current transforner
conforming to CEl EN 60044-1 for each phase of the electrical system and
coordinate the neter with ratios of the transfornmers. The neter shal

i nclude local display with a two line by 16 character LCD screen for the
readout of all netered and diagnostic values. Values shall be defined to
six digits. Meter shall include |ocal operational features for "selection
and node" functions and scrolling features to observe the netered val ues.
Setup and reset features shall be password protected and easily
acconpl i shed through the neter's display system

.7.6.1 Measur ed Val ues

Measur ed val ues shall include, but not necessarily be limted to, the
fol | owi ng:

a. Current each phase and in the neutral (A).
b. Line-to-line voltages (V).

c. Line-to-neutral voltages (V).
d. Real power (kW.

e. Reactive power (kVAR)

f. Appar ent power (kVA).

g. True power factor (PF).

h. Frequency (Hz).

i. Real energy (kWwh).

j. Reactive energy (kVARh).

k. Apparent energy (kVAh)

. KYZ output (pulse initiation feature for renote energy nonitoring) with
connection features to central nonitoring station

m Total harnonic distortion (THD) for current and voltage.

n. Demand current (A)
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0. Real power denand (kwi).
p. Reactive power demand (kVARd).
g. Apparent power denmand (kVAd).
r. Date/tinme stanping.
[2.7.6.2 Digital Multineters Wth Crcuit Mnitor Functions

Digital multinmeters with circuit nonitor functions shall be the sane as
defined for digit nmultimeters except that they shall al so have progranmmabl e
circuit nmonitoring functions as defined below. Quantity and |ocations of

t hese enhanced neters shall have a communi cation port |ocated on the front
of the neter. The port shall serve a handhel d programr ng unit which shal
be used to programthe neter, reset val ues, downl oad data stored in nenory,
and simlar functions. Provide [one]] ] handhel d progranm ng unit[s]
and turn over to the Contracting Oficer.[ The neter shall also be capable
of being progranmmed and downl oaded by an existing renpotely |ocated, central
nonitoring station. Provide all progranm ng software necessary to

downl oad, anal yze, evaluate and document the data retrieved and stored by
the meter. The program shall include custonized report docunentation and
printout features. Provide an instruction manual for |oading and operating
t he associ ated progranms. Prograns shall be designed for use on a persona
conputer with [Mcrosoft] [ ] operating systens.] The additiona
neasur ed val ues and di agnostic features shall include, but not necessarily
limted to, the follow ng:

a. Onboard alarms (under/over conditions and phase unbal ance conditions).

b. M ni muni maxi nrum readi ngs for current, voltage, power, power factor
frequency and THD val ues.

c. Data and event | ogging.
[d. Waveform capture.]

[e. Communication features for reporting all neasured paraneters and
di agnostic features to an existing renote central nonitoring system
The existing systemis manufactured by | ],
nodel nunber [ ], and includes a | ]
conmmuni cati on protocol system The netering equi pment provided and its
associ ated communi cation systemshall be totally conpatible with the
exi sting system The Contractor shall be totally responsible for
coordinating and interfacing all interrelated equi pnent with the
exi sting system]

112.7.7 Watt hour Meters for Low Vol tage Sw tchgear

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Use this paragraph only if digita
multimeters are not specified and the Activity
desires power nonitoring.
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EE R R R R R R R R R R R R R R R R R R R R R R R I O R

CEl EN 61010-1. Provide a switchboard style electronic programrabl e
wat t hour neter, sem -drawout, sem -flush nounted, as indicated. Meter
shal |l either be progranmed at the factory or shall be programmed in the
field. When field programming is perforned, turn field progranmm ng device
over to the Contracting Officer at conpletion of the project. Meter shall
be coordinated with the electrical systemrequirenents and shall conformto
CEl EN 61010-1.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: When Section 15910, "Direct Digital Control
Systens" is used, coordinate nmeter requirenents.

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

a. Design: Provide neter designed for use on the voltage system
specified. Provide 3 current transforners. Provide neter with KYZ
pul se initiation hardware for Energy Monitoring and Control System
(EMCS)[ as specified in Section 15910, "Direct Digital Control
Systens"].

b. Coordination: Provide neter coordinated with ratios of current
transforners and transformer secondary voltage. Meter shall be
designed for direct voltage input and shall not require voltage
transf or mers.

c. Accuracy: +/- 1.0 percent.

d. Kilowatt-hour Register: 5 digit electronic progranmable type.

e. Demand Regi ster:

1. Provide solid state type.

2. Provide a direct reading meter. A multiplier factor shall not be
required.

3. Provide demand interval |ength progranmed for[ 15][ 30][ 60]
mnutes with rolling denand up to six subintervals per interval.

f. Meter fusing: CElI EN 60269-1. Provide a fuse block nmounted in the
net eri ng conpartment containing one fuse per phase to protect the
voltage input to the watthour nmeter. Size fuses as reconmended by the
net er manuf acturer.

12.7.8 Low Vol tage Current Transfornmers
CEl EN 60044-1. Transforners shall be bus bar nounted, single ratio, 50
hertz, 5 anp output rating, and a netering accuracy class of 0.5. Ratios
shal |l be as indicated on the drawings. Low voltage current transforners
shal |l have an insulation rating of 1 kV.

2.8 ELECTRI CAL METERI NG FOR HI GH VOLTAGE SYSTEM
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EE R R R R R R R R R R R R R R R R R R R R R R R I O R

NOTE: Do not specify netering for the high voltage
system unl ess specifically required by the Activity.
Addi tional high voltage cubicle will be required to
serve the voltage (potential) transforners. Space
for the netering equipnent will also be required

Al'l additional physical requirements for high

vol tage netering nust be defined on the draw ngs and
in the specifications.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

2.8.1 Control and Instrunment Transforners
2.8.1.1 Current Transforners

CEl EN 60044-1. Transforners shall be single ratio as indicated, 50 Hz,
and coordinated to the rating of the associated sw tchgear, relays, neters,
and instrunents. Transforners shall be manufactured with fire resistant
epoxide resin resistant to partial power discharge. Electrica
characteristics shall be as foll ows:

a. Rated voltage ........... ... ... . . .. ... . [24]] __] kV
b. Stepdown ratio ............... .. ... .. ... As indicated
c. Wthstand voltage at 50 Hz for 1 minute ............ 50 kV
d. Inpulse withstand voltage ......................... 125 kV
e. Thermal current for 1 minute ....................... 16 kA
f. Dynamic and rated current ..................... 2.2 1 term
g. Precision class of nmeasurenent ...................... 0. 5%
h. Precision class of protection ....................... 5. P

i. Safety factor of performance .......................... 10
j. Mnimumperfornmances .............. i, Adequat e

2.8.1.2 Vol tage (Potential) Transfornmers

CEl EN 60044-2, CEl EN 60269-1 and CEI EN 60934. Transformers shall be[
stationary][ drawout] type, 50 Hz, with voltage ratings and ratios
coordinated to the ratings of the associated swi tchgear, relays, neters,
and instruments. Transforners shall have a fuse in each phase conductor of
the transformer's primary circuit. Each phase conductor of the secondary
shal |l al so have fuse or circuit breaker protection. Fuses shall be current
l[imting and sized as reconmended by the voltage transforner manufacturer
Transformers shall be nanufactured with fire resistant epoxide resin
resistant to partial power discharge. Electrical characteristics shall be
as follows:
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a. Rated voltage .............. ... .. ... ..... [24]] __] kV
b. Transformer ratio ....................... As indicated
c. Wthstand voltage at 50 Hz for 1 minute ........ 50 kV
d. Inpulse withstand voltage ..................... 125 kV
e. Precision class for neasurenent ................. 0.5%
f. Mninmumperformance ......................... Adequat e

[2.8.2 El ectrical Metering Unit for Hi gh Voltage System

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Coordinate with the Activity to determ ne
Station requirenments, preferences and any specia
requirenents for connecting to existing basew de
nmoni toring systens, if any. Not all high voltage
swi tchgear warrant netering. Be sure to show
metering on the drawi ngs both on the electrica

power diagrans and on the elevation view of the high
vol tage section. Also, current transforners and
voltage (potential) transforners (sizes and
quantities) nust be defined on the drawi ngs. Do not
specify waveform capture features and conmuni cati on
features unless specifically instructed. Draw ngs
nmust al so define where neters with circuit

nmoni toring functions are specifically required.

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

[Electrical netering for the high voltage system shall be the sane as
required for "Electrical Metering for Low Voltage Switchgear" except that
netering shall be coordinated for the high voltage current and voltage
supply circuits and their respective current transforners and voltage
transfornmers.]

[ Provide switchboard style, electronic, digital multinmeters with quantity
and | ocations as indicated on the drawings. Meters shall be the

sem -drawout, sem -flush nounted type and mounted on the panel cover of the
hi gh voltage switchgear. Meters shall be coordinated with the electrica
system requirenents and shall conformto CEl EN 61010-1. Meters shal
nmeasure true RVMS val ues through the 31st harnonic val ue, shall have a

m ni mum accuracy of [1.0][___ ] percent. Meter display readings shall be
direct values and shall not require any multiplier factors. Provide fuse
protection for each phase conductor of the voltage supply circuit. Fuses
shal |l conply with CEI EN 60269-1 and shall be selected and sized as
recomended by the neter manufacturer. Provide a current transformer for
each phase of the electrical systemand coordinate the neter with ratios of
the transformers. The neter shall also be properly coordinated with the
voltage transforners and the circuit properly protected. The nmeter shal

i nclude local display with a two line by 16 character LCD screen for the
readout of all netered and diagnostic values. Values shall be defined to
six digits. Meter shall include |ocal operational features for "selection
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and node" functions and scrolling features to observe the netered val ues.
Setup and reset features shall be password protected and easily
acconpl i shed through the neter's display system]

2.8.2.1 Measur ed Val ues

Measur ed val ues shall include, but not necessarily limted to, the
fol | owi ng:

a. Current each phase and in the neutral (A).
b. Line-to-line voltages (V).

c. Line-to-neutral voltages (V).
d. Real power (kW.

e. Reactive power (kVAR)

f. Apparent power (kVA).

g. True power factor (PF).

h. Frequency (Hz).

i. Real energy (kWwh).

j. Reactive energy (kVARh).

k. Apparent energy (kVAh)

. KYZ output (pulse initiation feature for renote energy nonitoring) with
connection features to central nonitoring station.

m Total harnonic distortion (THD) for current and voltage.

n. Demand current (A).

0. Real power denand (kwi).

p. Reactive power demand (kVARd).

g. Apparent power denmand (kVAd).

r. Date/tinme stanping.
[2.8.2.2 Digital Multineters Wth Crcuit Mnitor Functions
Digital nultineters with circuit nmonitor functions shall be the sane as
defined for digit nultinmeters except that they shall al so have progranmabl e
circuit nonitoring functions as defined below. Quantity and |ocations of
t hese enhanced neters shall have a communi cation port |ocated on the front of

the meter. The port shall serve a handhel d programr ng unit which shall be
used to programthe neter, reset val ues, downl oad data stored in nenory, and
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simlar functions. Provide [one][__ ] handheld progranming unit[s] and turn
over to the Contracting Officer.[ The neter shall also be capable of being
programed and downl oaded by an existing, central nonitoring station (that
is, renote nonitoring). Provide all programr ng software necessary to

downl oad, anal yze, evaluate and docunent the data retrieved and stored by the
meter. The program shall include custonized report docunentation and
printout features. Provide an instruction manual for |oading and operating
the associ ated prograns. Prograns shall be designed for use on a persona
conputer with [Mcrosoft] | ] operating systens.] The additiona
nmeasur ed val ues and di agnostic features shall include, but not necessarily
limted to, the follow ng:

a. Onboard alarms (under/over conditions and phase unbal ance conditions).

b. M ni muni maxi mrum readi ngs for current, voltage, power, power factor
frequency and THD val ues.

c. Data and event | ogging.
[d. Waveform capture.]

[e. Communication features for reporting all neasured paraneters and
di agnostic features to the existing central nonitoring system The
exi sting systemis manufactured by | ], nodel nunber [ ],
and includes a | ] communication protocol system The
nmet eri ng equi pnment provided and its associ ated conmuni cati on system
shal|l be totally conpatible with the existing system The Contractor
shal|l be totally responsible for coordinating and interfacing al
interrelated equi pnent with the existing system]

11[2.8.3 Watt hour Meters for High Voltage System

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

NOTE: Use this paragraph only if digita
multimeters are not specified and the Activity
desires power nonitoring on the high voltage system

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

[Watthour netering for the high voltage systemshall be the sane as
required for "Watthour Meters for Low Voltage Switchgear" except that
netering shall be coordinated for the high voltage current and voltage
supply circuits and their respective current transforners and voltage
transforners.]

[ CEI EN 61010-1. Provide a switchboard style electronic progranmmble
wat t hour neter, sem -drawout, sem -flush nounted, as indicated. Meter
shal | either be progranmed at the factory or shall be programmed in the
field. When field programming is perforned, turn field progranm ng device
over to the Contracting Officer at conpletion of the project. Meter shal
be coordinated with the electrical systemrequirenents and shall conformto
CEl EN 61010-1

a. Design: Provide neter designed for use on the voltage system
specified. Provide 3 current transforners. The neter shall al so be
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properly coordinated with the voltage transforners and the circuit
properly protected. Provide neter with KYZ pulse initiation hardware. [
Meter shall be fully equipped for the direct and sinple connection to
a future central nonitoring system][ Connect neter to the Station's
existing central nonitoring system The existing systemis
manuf actured by | ], nodel nunber [ ], and includes a | ]
conmuni cati on protocol system The netering equi pment provided and its
associ ated communi cation systemshall be totally conpatible with the
exi sting system The Contractor shall be totally responsible for
coordi nating and interfacing all interrelated equi pnent with the
exi sting system]

b. Coordi nation: Provide neter coordinated with ratios of current
transforners and voltage (potential) transforners.

c. Accuracy: +/- 1.0 percent.
d. Kilowatt-hour Register: 5 digit electronic progranmable type.
e. Demand Regi ster:

1. Provide solid state type

2. Provide a direct reading meter. A multiplier factor shall not be
required.

3. Provide demand interval |ength progranmed for[ 15][ 30][ 60]
mnutes with rolling denmand up to six subintervals per interval

f. Low Voltage Meter Fusing: CEl EN 60269-1. Provide a fuse block
nounted in the netering conpartnent containing one fuse per phase to
protect the voltage input to the watthour neter. Size fuses as
recomended by the neter manufacturer

112.9  HEATERS

Provi de 220 volt heaters in each[ high voltage equi pnent section][ and in
each][ l|ow voltage switchgear section]. Heaters shall be of sufficient
capacity to control noisture condensation in the conpartnents, shall be 250
watts mnimum and shall be controlled by a thernostat[ and hum di stat]

| ocated in each section. Thernostat shall be industrial type, high limt,
to maintain conpartnents within the range of 15.5 to 32.2 degrees C. |
Hum di stat shall have a range of 30 to 60 percent relative humdity.]
Supply the heaters froma circuit breaker located in the | ow voltage

swi tchgear section. Provide a pilot |light and naneplate on the front of
the | ow vol tage switchgear section. Pilot |ight shall define electrica
power is "on" to serve the heaters.[ Energize electric heaters while the
equi pnment is in storage or in place prior to being placed in service.
Provi de nethod for easy connection of heater to external power source.]

[2.10 DC PONER SYSTEM

CEl UNI EN 45510-2-3 and CElI EN 60896-2. Provide DC power system i ncl uding
free standi ng encl osure panel, station batteries with battery rack, and
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battery charger. The systemshall be suitable for the requirenents of the[
hi gh voltage circuit breaker][ and all other |oads indicated]. Batteries
shal | be [24][48][ ] V, lead-acid,[ pasted plate type][ or][ sealed,
totally absorbed electrolyte type]. The DC power systemshall be totally
conpatible with all equi pnent served. The systemshall serve the[ high
voltage circuit breaker controls,][ the |low voltage sw tchboard main
circuit breakers' trip system][ the alarmsystem][ and the energency
lights]. The capacity of the batteries shall be cal culated by the high
voltage circuit breaker nanufacturer and approved by the Contracting
O ficer before acceptance. The DC panel shall have a hinged | ockabl e front
door, main bus, ground bus, circuit breakers, term nal blocks, wiring and
cabl e supports, and AC and DC overcurrent circuit protection. Provide DC
load circuit breakers (quantity, anpacity, configuration, and so forth) as

i ndi cated on the drawi ngs. The DC power system shall include nanual and
automatic charger control, a rheostat for DC voltage adjusting, and a DC
voltneter and ameter. Indicator |anps shall be provided for indicating AC

voltage, DC | ow voltage condition, DC load fed by battery, and DC system
failure (an alarmstatus).[ The DC systemfailure alarmshall be connected
to the alarm panel and shall activate this alarmsystem] System shal

i nclude, but not necessarily linmted to, the follow ng:

a. Pasted plate type batteries: Positive plates shall be of the
manchester type and negative plates shall have a life equal to or
greater than the positive plates. Battery containers shall be heat and
i mpact resistant clear plastic with electrolyte level |ines permanently
marked on all four sides. A pernmanent |eakproof seal shall be provided
bet ween cover and container and around cell posts. Sprayproof vent
pl ugs shall be provided in covers. Sufficient sedinment space shall be
provided so that the battery will not have to be cleaned out during its
normal life. Hi gh porosity separators to provide correct spacing
bet ween pl ates shall be provided.

b. Sealed batteries: Provide batteries with | eakproof, spill proof
electrolyte utilizing highly absorbent naterial to separate the
positive and negative plates. Battery jars shall be hernetically
sealed with wel ded seans. Batteries shall be naintenance-free
requiring no watering to be done.

c. Battery charger shall be full-wave rectifier type, utilizing silicon
sem conduct or devices. Charger shall nmaintain a float charge of
[2.15][___ ] V per cell and an equalizing charge of [2.33][___] V per
cell. An equalizing charge tiner shall be provided which operates
automatically after an AC power failure of 5 seconds or nore. Tiner
shal | be adjustable for any tine period up to 24 hours. Tiner shal
al so be capabl e of being actuated nanually. Adjustable float and
equal i zi ng vol tage potentioneters shall be provided. Charger voltage
shall be maintained within plus or mnus 1/2 percent fromno load to
full load with ACline variations of plus or mnus 10 percent and
frequency variations of plus or mnus 5 percent. Provide a DC
voltmeter and ammeter with a mnimum 90 nm scal e and 2 percent accuracy
of full scale. OQutput current shall be limted to 115 percent of rated
out put current, even down to short circuit of the DC output termnals.
Solid state circuit shall have AC and DC transient voltage term nals.
AC and DC nmagnetic circuit breakers shall be provided. Circuit
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breakers shall not be overl oaded or actuated under any external circuit
condition, including recharge of a fully discharged battery and short
circuit of the output terninals. Charger shall be capabl e of
continuous operation at rated current at an anbient tenperature of 40
degrees C. Qutput DC current capacity shall match the requirenents of
the batteries provided.

d. Provide steel battery rack, painted with two coats of acid resistant
paint for nounting batteries. Provide |ead-plated copper inter-rack
connectors and cell nunbers with each rack. Secure battery rack such
that it can not overturn or be disrupted by lateral forces acconpanying
a seismc disturbance.

][2.11 ALARM SYSTEM

The alarm system shall be totally conpatible with the high voltage circuit
breaker and all other associated equipnent. Additional spare auxiliary
relays furnished with the high voltage circuit breaker may be used for the
al arm system as approved by the circuit breaker manufacturer. Coordinate
with the circuit breaker manufacturer and provide an integrally designed
system The alarm system shall consist of an alarm panel, audio and vi sua
al arm devi ces, energency shutdown switches, emergency auxiliary relay or
relays, auxiliary control relay (device 96), all annunciator |anps,

associ ated switches, and all interconnecting circuitry. The system shal
provide all functional operations defined herein and in the associ ated
control diagrans included on the drawings. The auxiliary energency
relay(s) and auxiliary control relay shall be mounted in the al arm pane
unl ess such conponents are integrated with the high voltage circuit
breaker. The alarm systemshall operate at [24][48][__] VDC and shall be
supplied fromthe DC power system

2.11.1 Al ar m Panel

The al arm panel shall be solid state, permanently energized type, suitable
to signal at least the follow ng features (m ni mum conditions):

a. General electrical failure of the high voltage circuit breaker
(protective relays, transforner relays, circuit breaker tripping, and
so forth). Transforner alarmfeatures shall include high tenperature
al arm and hi gh-hi gh tenperature shutdown al arm

b. General failure of battery or battery-charger

c. Energency shutdown, manual |y acti vat ed.

2.11.2 The foll owi ng al arm sequence shall be provided:

a. AlarmFeature: |In case of alarm the alarm horns shall sound and the
alarmlights shall flash

b. Acknow edge Feature: Upon pushing a "silence" push-button switch, the

al arm horns shall silence and the flashing lights shall illum nate at
steady state.
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c. Cear Feature: Upon clearing the alarmconditions, pushing a reset
push-button switch shall de-energize the alarmlights.

d. Ringback Feature: The alarm panel shall include "ringback" feature in
whi ch the systemshall activate in an alarm status should a subsequent
alarm be activated after a prior alarm has been "acknow edged"

e. Test Feature: A test push-button shall be provided for testing the
alarm horns and alarmlights.

f. Annunciation Features: The alarm panel shall have a panel nounted
annunci ator | anp which matches the operations of the outdoor alarm
light. There shall also be an annunciator |anp for each alarm and
status function specified and indicated on the drawings. Al |anps and
swi tches shall have naneplates in English and [Italian]] ]. A
annunci ator |anps shall have a "push to test |anmp" feature. A
consol i dated test system(single test switch with control relay) may be
provided in lieu of nultiple individual test switches.

1[2.12 AUTOVATI C PONER FACTOR COVPENSATI NG UNI' T

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Provide automatic power factor conpensating
(PFC) units when specifically required by the
Station/Base. The Aviano Air Base requires PFC
units with service transfornmers. It is custonary
practice to nount the PFC unit adjacent to the
transf or ner.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

CEl EN 60143-1, CEl EN 60143-2, CEl EN 60143-3, CEl EN 60831-1 and CEI EN
60831-2. Automatic power factor conpensating units shall be approved and
listed by a recogni zed European safety organi zation and shall have a "nmark
of quality" fromsuch an organization. Automatic power factor conpensating
units shall be compact, free-standing, steel panel construction conplete
wi th capacitor banks, relays for autonatic regulation of power factor

equi pnment circuit breakers or fuses, contactors, control unit with control
relay, discharging resistors, termnals, and all accessories necessary to
provide a conplete and totally automatic operating system Each unit shal
i nclude a fixed capacitor bank to conpensate for the transforner's no-|oad
| osses. Capacitor banks (fixed type and variable type) shall be sized as
i ndi cated on the drawi ngs and shall be provided with discharging resistors
sized in accordance with the manufacturer's recomendati ons. The

di scharging resistors shall safely discharge the capacitors. Capacitors
shall be the oil insulation type and shall contain no PCB's. Equi pment
circuit breakers shall be provided in accordance with CEl EN 60934. Low
vol tage fuses shall be provided in accordance with CEI EN 60269-1. The
encl osure assenbly shall conply with CEl EN 60529 for a dry, interior
environnent. Provide ternmi nal boards and wi ring marking system sane as
required for | ow voltage sw tchgear

2.12.1 Control Rel ay

The power factor control relay shall be an automatic regulator with the
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foll owi ng characteristics:

a. Voltage sensing supply circuit 220/ 380 Volts, single phase
b. Voltage circuit consunption 5 VA

c. Frequency 50 Hz

d. Current supply circuit 5 Amps, Single phase

e. Current circuit consunption 0.2 VA

f. Regulation range of power factor 0.80 to 0.95

g. Operating tenperature -10 to +60 degrees C

]12.13 | NSULATED BARRI ERS

2.

Where insulated barriers are required by reference standards, provide
barriers with 6 nm nmi ni num t hi ckness.

.14 FI NI SH

Exterior surface of the high voltage equi pnent shall be [light
gray] [ ][ and in accordance with the Station's color selection
st andar ds] .

.15 CCORROSI ON PROTECTI ON

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

NOTE: Choose the | evel of corrosion protection
required for the specific project |ocation
Gal vani zed steel should be the choice in npst cases.

EE R R R R R R R R R R R R R R R R R R R R R R R O R

Bases, franes, and channels of the high voltage equi pment which cone in
contact with concrete shall be corrosion resistant and shall be fabricated
of [ hot-dip gal vani zed steel conforming to CEl 7-6][ or][ stainless stee
conforming to UNI EN 10088-1]. @alvanize after fabrication where
practicable. Base shall include any part of the unit substation that is
within 75 mm of the concrete pad.

.16 TERM NAL BOARDS

CEl EN 60947-7-1. Provide with engraved plastic termnal strips and screw
type terminals for external wring between conponents and for interna

Wi ring between renovabl e assenblies. Term nal boards associated with
current transfornmers shall be short-circuiting type. Term nate conductors
for current transfornmers with ring-tongue lugs. Termnal board
identification shall be identical in sinmlar units. External wiring shal
be col or coded consistently for sinmlar termnal boards.

17 W RE NMARKI NG
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CEl EN 60947-7-1. Mark control and nmetering conductors at each end.
Provide factory-installed, white, plastic tubing, heat stanped wth black
bl ock type letters on factory-installed wiring. On field-installed wring,
provi de white, preprinted, polyvinyl chloride (PVC) sleeves, heat stanped
with black block type letters. Each sleeve shall contain a single letter
or nunber, shall be elliptically shaped to securely grip the wire, and
shal | be keyed in such a manner to ensure alignment with adjacent sl eeves.
Provi de specific wire markings using the appropriate conbination of

i ndi vi dual sleeves. Each wire marker shall indicate the device or

equi prent, including specific term nal nunber to which the renmpte end of
the wire is attached.

.18 NAMEPLATES

Provide as specified in Section 16050, "Basic Electrical Miterials and
Met hods. "

.19  WARNI NG SI GNS

Provide as specified in Section 16050, "Basic Electrical Mterials and
Met hods. "

.20  SOURCE QUALITY CONTROL

Provide all tests in accordance with the requirements of the referenced
standards of the respective electrical equipnent. See paragraph titled,
"Manufacturer's Factory Test Schedul e".

.20.1 H gh Vol tage][] Switches][ Switch Assenbly] Design Tests

Provi de high voltage design tests on this equi pment in accordance with the
par agraph entitled "H gh Voltage Design Tests for Power Equi prment".

.20.2 H gh Voltage Circuit Breaker Design Tests

Provi de high voltage design tests on this equi pment in accordance with the
par agraph entitled "H gh Voltage Design Tests for Power Equi prment".

.20.3 H gh Vol tage Design Tests for Power Equi prent
Furni sh docunentation showing the results of design tests on a product of
the sane series and rating as that provided by this specification
Required tests shall be as follows:
a. Delectric:

1. Lowfrequency withstand

2. Inpulse withstand

b. Continuous current

c. Short-tine current withstand (2 - second)
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d. Mnentary current (10 cycles)
e. Mechanical endurance
f. Insulator Supports
1. Flanme-resistance
2. Tracking-resistance
g. Bus-bar insulation
1. Dielectric Strength
2.  Flame-resistance
h. Paint qualification
i. Rain
.20.4 H gh Vol tage[ Switches][ Switch Assenbly] Production Tests

Provi de high voltage production tests on this equipnment in accordance with
t he paragraph entitled "H gh Voltage Production Tests for Power Equi pment”.

.20.5 H gh Voltage G rcuit Breaker Production Tests

Provi de high voltage production tests on this equipnment in accordance with
t he paragraph entitled "H gh Voltage Production Tests for Power Equi pment”.

.20.6 H gh Vol tage Production Tests for Power Equi pment

Furni sh reports of production tests perfornmed on the actual equi pnent for
this project. Required tests shall be as foll ows:

a. Delectric

b. Mechanical operation

[c. Gounding of instrunment transfornmer case]

[d. Electrical operation and control wiring]

.20.7 Transfornmer Design Tests (Liquid Insulated)

CEl EN 60076-3, CEl EN 60076-4, CEl EN 60076-5. Design tests shall be made
only on representative apparatus of basically the same design. Submt
design test reports (conplete with test data, explanations, formulas, and
results), in the sane submittal package as the catal og data and draw ngs
for[ each of] the specified transforner(s). Design tests shall have been
perfornmed prior to the award of this contract.

a. Tests shall be certified and signed by a regi stered professiona

engi neer.
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b. Tenperature rise: "Basically the sane design" for the tenperature rise
test means a transfornmer with the sane coil construction (such as wire
wound prinmary and sheet wound secondary), the sane kVA, the sane
cooling type (QA), the sane tenperature rise rating, and the sane
insulating liquid as the transforner specified.

c. VLightning inpulse: "Basically the sane design" for the |lightning
i mpul se dielectric test neans a transforner with the sane BIL, the sane
coil construction (such as wire wound primary and sheet wound
secondary), and a tap changer, if specified. Design |lightning inpulse
tests shall include both the prinmary and secondary w ndi ngs of that
transf or mer.

1. State test voltage |evels.

2. Provide photographs of oscilloscope display waveforns or plots of
digitized waveforns with test report.

d. Lifting and noving devices: "Basically the same design" for the
lifting and noving devices test neans a transformer in the same wei ght
range as the transfornmer specified.

e. Pressure: "Basically the sanme design" for the pressure test neans a
transformer with a tank volune within 30 percent of the tank vol ume of
the transformer specified.

2.20.8 Transfornmer Routine and OGther Tests (Liquid Insulated)

CEl EN 60076-3, CElI EN 60076-4, CEl EN 60076-5. Routine and other tests
shal |l be perforned by the manufacturer on[ each of] the actual
transformer(s) prepared for this project to ensure that the design
performance is maintained in production. Subnmit test reports, by seria
nunber and receive approval before delivery of equi pnent to the project
site. Required tests and testing sequence shall be as foll ows:

a. Cold resistance neasurenents (provide reference tenperature)

b. Phase relation

c. Ratio

d. Insulation power-factor by manufacturer's recomended test nethod.
e. No-load losses (NLL) and excitation current

f. Load losses (LL) and i npedance voltage

g. Dielectric

1. Inpulse: Test the prinmary wi nding only.

(a) State test voltage |levels
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(b) Provide photographs of oscilloscope display waveforns or
plots of digitized waveforns with test reports.[ As an
alternative, photographs of oscilloscope display waveforns or
plots of digitized waveforns may be hand-delivered at the factory
Wi tness test.]

2. Applied voltage
3. I nduced voltage

h. Leak

2.20.9 Transfornmer Design Tests (Dry Type)

CEl EN 60076-3, CEl EN 60076-4, CEl EN 60076-5Design tests shall be nmde
only on representative apparatus of basically the same design. Submt
design test reports (conplete with test data, explanations, formlas, and
results), in the sane submittal package as the catal og data and draw ngs
for[ each of] the specified transforner(s). Design tests shall have been
perfornmed prior to the award of this contract.

a. Tests shall be certified and signed by a regi stered professiona
engi neer.

b. Tenperature rise: "Basically the sane design" for the tenperature rise
test means a transfornmer with the sane coil construction (such as wire
wound prinmary and sheet wound secondary), the sane kVA, the sane
cooling type (AA), the sane tenperature rise rating, the sane
i nsulating class and the sane insulating nediumas the transforner
speci fi ed.

c. VLightning inpulse: "Basically the sane design" for the |ightning
i mpul se dielectric test neans a transfornmer with the sane BIL, the sane
coil construction (such as wire wound primary and sheet wound
secondary). Design lightning inpulse tests shall include both the
primary and secondary w ndi ngs of that transforner.

1. State test voltage |evels.

2. Provide photographs of oscilloscope display waveforns or plots of
digitized waveforns with test report.

3. Partial Discharge Test.
.20.10 Transformer Routine and Gt her Tests (Dry Type)
CEl EN 60076-3, CEl EN 60076-4, CEl EN 60076-5. Routine and other tests
shal |l be perforned by the manufacturer on[ each of] the actual
transformer(s) prepared for this project to ensure that the design
performance is maintained in production. Subnmit test reports, by seria
nunber and receive approval before delivery of equipnent to the project
site. Required tests and testing sequence shall be as foll ows:

a. Resi st ance neasurenents
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b. Phase relation

c. Ratio

d. Insulation power-factor by manufacturer's recomended test nethod.
e. No-load losses (NLL) and excitation current

f. Load losses (LL) and i npedance voltage

g. Lightning inpulse: Performthe conplete design type inpulse tests on
the transfornmer prinmary wi nding only.

1. State test voltage |levels
2. Provide photographs of oscilloscope display waveforns or plots of
digitized waveforns with test reports.[ As an alternative
phot ographs of oscill oscope display waveforms or plots of
digitized waveforns nmay be hand delivered at the factory w tness
test.]
h. Low frequency dielectric
1. Applied voltage
2. I nduced voltage
.20.11 Low Vol t age Swi tchgear Design Tests
Furni sh docunentation showing the results of design tests on a product of
the sane series and rating as that provided by this specification
Required tests shall be as follows:
a. Tenperature rise tests
b. Short-circuit current test
c. Enclosure tests
d. Delectric test
.20.12 Low Vol tage Swi tchgear Production Tests
Furni sh reports which include results of production tests performed on the
actual equipnent for this project. Performin accordance with CEl EN 60439- 1.
Required tests shall be as follows:
a. bO-hertz dielectric test

b. Mechanical operation tests

c. Electrical operation and control wiring tests
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d. Gound fault sensing equi pnent test

PART 3 EXECUTI ON

3.

3.

3.

1 | NSTALLATI ON

El ectrical installations shall be as indicated on project draw ngs and the
approved shop drawi ngs; as instructed and reconmmended by the equi prent
manuf acturers; and as specified herein

2 GROUNDI NG

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

NOTE: \Where rock or other soil conditions prevent
obtaining a specified ground val ue, specify other
met hods of grounding. Were it is inpractical to
obtain the indicated ground resistance val ues, nake
every effort to obtain ground resistance val ues as
near as possible to the indicated val ues.

Provi de drawing details of all grounding system
features including ground rod inspection pits,
ground bus bar system (nounted on insul ators),

equi pnent ground bars, and other specific grounding
system conponents. Be sure to define the size of
all ground conductors.

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

Provi de ground system as specified in Section 16303, "Underground

El ectrical Wrk". Gounds and groundi ng systens shall have a resistance to
solid earth ground as calculated by CEI 11-1 and CEl 64-8. Wen work in
addition to that indicated or specified is directed to obtain the specified
ground resistance, the provision of the contract covering "Changes" shal

apply.

2.1 G ound Rods

Provi de ground rods as specified in Section 16303, "Underground El ectrical
Wor k" .

. 2.2 Groundi ng of Power Equi prent

Provi de copper conductors as indicated. Conductors shall be bare unless

i ndi cated otherwi se. Provide all ground connections to the power equi pment
in accordance with the manufacturers' instructions and recomendati ons.
Exterior ground conductors shall be buried not |ess than 600 nm bel ow grade
and connected to the indicated ground rods.[ Transfornmer neutra

connections shall not be smaller than [ ] nw?.][ Fence and equi pnent

connections shall not be smaller than 16 m?. Gound fence at each gat e

post and cornerpost and at intervals not exceeding 3000 mm Bond each gate
section to the fence post through a 3 mm by 25 mm fl exi bl e brai ded copper
strap and cl anps. ]

2.3 Groundi ng Connecti ons
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Connectors and connections shall be installed as specified in Section 16303,
"Under ground El ectrical Work"

. 2.4 Ground Conductor Crossing Expansion Joints in Structures and Pavenents

Protect ground conductors from damage by neans of approved devices or
installation nethods to allow the necessary slack across the expansi on
joint. Provide stranded (brai ded) copper strap or other approved flexible
copper assenbly across such separations.

.3 | NSTALLATI ON OF EQUI PMENT AND ASSEMBLI ES

Install and connect equipnent, materials and niscel |l aneous devices

furni shed under this section as indicated on project draw ngs, the approved
shop drawi ngs, as specified herein, and in accordance with the

manuf acturers' instructions and reconmendati ons.

. 3.1 Gl vani zi ng Repair

For gal vani zi ng danaged by handling, transporting, cutting, welding, or
bolting, repair the damage to gal vani zed coatings using zinc rich paint
provi ded by the associ ated equi pmrent manufacturer. Do not heat surfaces
that repair paint has been applied to.

3.4 FOUNDATI ON FOR EQUI PMENT AND ASSEMBLI ES

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Define on draw ngs the specific equipnent
required to have a concrete nounting slab. Mounting
sl ab connections nay have to be given in detai
dependi ng on the requirenents for the seismc zone
in which the equi pnent is located. |Include
construction requirenents for concrete slab only if
slab is not detailed in drawings. Do not provide
interior slabs if raceway systemis a subsurface
cable trench system Exterior |ocations are only

al | oned where specifically required by the Activity.
Al so, curbs or raised edges nmay be required around
liquid filled transformers. Ensure specification
Section 03300 is included in the final contract
speci fications.

EE R R R R R R R R R E R R R R R R R R R R E R R R R R R O R

3.4.1 Interior Location

Mount i ndi cated equi pnent on concrete slab. Slab shall be at |east 100 mm
thick. Top of concrete slab shall be approxi mately 100 nm above fini shed
floor. Edges above floor shall have 15 nmchanfer. Slab shall be of
adequate size to project at |east 200 nm beyond the equi pment, except that
front of slab shall be large enough to serve as a platformto wthdraw
breakers. Provide conduit turnups and cabl e entrance space required by the
equi pnment to be nmounted. Conduits entering the slab, including the 90
degree el bow fittings, shall be rigid steel conduits. Seal voids around
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conduit openings in slab with water- and oil -resi stant caul ki ng or seal ant.
Cut off and bush conduits 75 mm above sl ab surface. Concrete work shal
be as specified in Section 03300, "Cast-1n-Place Concrete"

[3.4.2 Exterior Location

Mount i ndi cated equi pnent on concrete slab. Slab shall be at |east 200 mMm
thick, reinforced with wire fabric 150 mm square and pl aced uniformy 100
mmfromthe top of the slab. Slab shall be placed on a 150 nmthick

wel | - conpact ed gravel base. Top of concrete slab shall be approxi mately
100 mm above finished grade. Edges above grade shall have 15 mm chanfer

Sl ab shall be of adequate size to project at |east 200 nm beyond equi pnent,
except that front of slab shall be |large enough to serve as a platformto
wi t hdraw br eakers. Provi de conduit turnups and cabl e entrance space
required by the equi pnent to be nounted and as indicated. Conduits
entering the slab, including the 90 degree el bow fittings, shall be rigid
steel conduits. Seal voids around conduit openings in slab with water- and
oi |l -resistant caul king or sealant. Cut off and bush conduits 75 nm above
slab surface. Concrete work shall be as specified in Section 03300,
"Cast-In-Place Concrete".

13.5 FI ELD QUALI TY CONTRCL

3.

5.1 Per f ormance of Acceptance Checks and Tests

Perf orm accept ance checks and tests in accordance with Section 16081
"Apparatus | nspection and Testing," the manufacturer's recomendati ons,
ref erenced standards, and requirenents of the host nation. Performtests
specific to high voltage[ switches][ circuit breakers], power transfornmers,
| ow vol tage switchgear, relays, netering, and instrunent transforners.|
Provi de services of manufacturer's technical representative to perform
testing and calibration of protective power relays and associ ated devices. ]
Performtests to obtain informati on about the perfornance of breakers,
nmeters, wiring, and instrunent transforners together, as well as
separately. The Contracting Officer will witness formal tests after
receipt of witten certification that prelimnary tests have been conpl et ed
and that systemis ready for final test and inspection. Tests shal
i nclude those listed in the specified equiprment's referenced publications
and the foll ow ng paragraphs.

.5.1.1 H gh Voltage] Switches][ and][ G rcuit Breaker] Inspection and Tests

Performin accordance with CElI 17-1, CEl EN 60265-1, CEI EN 62271-102, and
CEl EN 60076-5.

a. Visual and Mechani cal | nspection

1. Conpare equi pnent nanepl ate data with specifications and approved
shop draw ngs.

2. Inspect physical and nechani cal condition
3. Confirmcorrect application of nmanufacturer's reconmmended

| ubri cants.
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10.
11.

12.
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Verify appropriate anchorage and required area cl earances.
Verify appropriate equi pnent groundi ng.

Verify correct[ blade][ contactor] alignnent, blade penetration
travel stops, and mechanical operation

Verify that fuse sizes and types correspond to approved shop
dr awi ngs. |

Verify that each fuse hol der has adequate nechani cal support.]
Verify tightness of accessible bolted electrical connections by
calibrated torque-wench nethod. Thernographic surveying is not
required.

Test interlocking systens for correct operation and sequenci ng.

Verify correct phase barrier materials and installation

I nspect all indicating devices for correct operation

b. Electrical Tests

1.

2.

3.

[ 4.

5.

3.5.1.2

Performinsul ati on-resi stance tests.
Perform over-potential tests.

Measure contact-resistance across each[ switch blade][ contactor]|
and fuse hol der].

Measure fuse resistance. ]
Verify heater operation.

Transfornmers (Liquid Insulated) Inspection and Tests

Performin accordance with CEl EN 60076-1, CElI EN 60076-2, CElI EN 60076-3,
CEl EN 60076-4, and CElI EN 60076-10.

a. Visual and nechanical inspection

1.

[ 3.

[ 4.

Conpar e equi pnent nanepl ate data with specifications and approved
shop draw ngs.

I nspect physical and nechani cal condition. Check for danmged or
cracked insul ators and | eaks.

Verify that cooling fans and punps operate correctly and that fan
and punp notors have correct overcurrent protection.]

Verify operation of all alarm control, and trip circuits from
tenperature and |l evel indicators, pressure relief device, and
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Verify tightness of accessible bolted electrical connection by

calibrated torque-wench nethod.

required.

Verify correct

Perform specific inspections and nechani cal

by

manuf act ur er .

liquid | evel

Verify correct equi pnent groundi ng.

El ectrical Tests

3.5.1.3

Performinsul ati on-resi stance tests.

Performturns-ratio tests.

Ther nogr aphi ¢ survey is not

in transforner tank.

tests as recomended

Perform i nsul ati on power-factor/dissipation-factor tests on
wi ndi ngs.

Sanmpl e insulating liquid. Sanple shall

(a)
(b)
(c)
(d)
(e)
(f)
(9)
(h)

Di el ectric breakdown vol t age

Acid neutralizati on nunber

Specific gravity

Interfacial

Col or

t ensi on

Vi sual condition

Parts per million water

be tested for:

Measure dissipation factor or power factor.

Perform di ssol ved gas anal ysis (DG&A).

Test for presence of PCB.

Verify that the tap-changer is set at specified ratio.

Verify proper secondary voltage phase-to-phase and

phase-t o-neutral

Transfornmers (Dry Type)

after energization and prior to | oading.

Performin accordance with CEl 14-8.

a.

Vi sual

and Mechani cal

| nspection
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1. Conpare equi pnent naneplate information with specifications and
approved shop draw ngs.

2. I nspect physical and nechanical condition

3. Verify that control and alarmsettings on tenperature indicators
are as specified.

[4. Verify that cooling fans operate correctly and that fan notors
have correct overcurrent protection.]

5. Verify tightness of accessible bolted electrical connections by
calibrated torque-wench nethod. Thernographic survey is not
required.

6. Performspecific inspections and nechanical tests as recommended
by manuf acturer.

7. Make a close exam nation for shipping brackets or fixtures that
may not have been renoved during installation and ensure that
resilient mounts are free.

8. Verify that winding core, frame, and encl osure groundi ngs are
correct.

9. Verify that as-left tap connections are as specified.
b. Electrical Tests
1. Performinsul ati on-resi stance tests.

2. Perform power-factor tests or dissipation-factor tests in
accordance with the test equi pnent manufacturer's instructions.

3. Performturns-ratio tests.

4. Verify correct secondary voltage phase-to-phase and
phase-to-neutral after energization and prior to |oading.

5. Perform overpotential test on all high- and | ow voltage
wi ndi ngs-t o- ground.

3.5.1.4 Low Vol tage Swi tchgear Inspection and Test

Performin accordance with CEI EN 60439-1, CElI EN 60439-2, CElI EN 60529,
CEl EN 60947-1, CEl EN 60947-2, CEl EN 60947-4-1, CEl EN 60947-5-1, and CE
EN 60947-7- 1.

a. Visual and Mechani cal | nspection

1. Conpare equi pnent nanepl ate data with specifications and approved
shop draw ngs.
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16.
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I nspect physical, electrical, and nechanical condition

Confirmcorrect application of manufacturer's recomended
| ubri cants.

Verify appropriate anchorage, required area cl earances, and
correct alignnent.

I nspect all doors, panels, and sections for paint, dents,
scratches, fit, and nissing hardware.

Verify that[ fuse and] circuit breaker sizes and types correspond
to approved shop draw ngs.

Verify that current transforner ratios correspond to approved
shop drawi ngs. ]

Verify tightness of accessible bolted electrical connections by
calibrated torque-wench nethod. Thernographic survey is not
required.

Confirmcorrect operation and sequencing of electrical and
mechani cal interlock systens.

C ean the | ow vol tage sw t chgear

I nspect insulators for evidence of physical damage or contam nated
sur f aces.

Verify correct barrier[ and shutter] installation][ and operation].
Exercise all active conponents.

I nspect all nechanical indicating devices for correct operation
Verify that vents are clear

Test operation, alignnent, and penetration of instrunent
transformer withdrawal disconnects.

I nspect control power transforners.]

El ectrical Tests

1.

2.

Performinsul ati on-resi stance tests on each bus section.
Per form overpotential tests.

Performinsul ation-resi stance test on control wiring. Do not
performthis test on wiring connected to solid-state conponents.

Performcontrol wring perfornance test.

Performprimary current injection tests on the entire current
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circuit in each section of assenbly.

Per f orm phasi ng check on parallel connected sw tchgear to ensure
correct bus phasing from each source.]

Verify operation of heaters.

Low vol tage Power Air Circuit Breakers Inspection and Tests

Performin accordance with CEl EN 60947-2.

a. Visual and Mechani cal | nspection

1.

9.

10.

Conpare namepl ate data with specifications and approved shop
dr awi ngs.

I nspect physical and nechani cal condition

Confirmcorrect application of manufacturer's recomended
| ubri cants.

| nspect anchorage, alignnment, and grounding. |nspect arc chutes.
I nspect noving and stationary contacts for condition, wear, and
al i gnnent .

Verify that all nmaintenance devices are available for servicing
and operating the breaker.

Verify that prinmary and secondary contact w pe and ot her
di mensions vital to satisfactory operation of the breaker are
correct.

Perform all nechani cal operator and contact alignment tests on
both the breaker and its operating nmechani sm

Verify tightness of accessible bolted bus connections by
calibrated torque-wench nethod. Thernographic survey is not
required.

Check cell fit and el enent alignnent.

Check racki ng nechani sm

b. Electrical Tests

1.

2.

Perf orm cont act-resi stance tests on each breaker.
Performinsul ati on-resi stance tests.

Adj ust breaker(s) for final settings in accordance w th Governnent
provi ded settings.

Determ ne long-tine mni num pickup current by primary current
i njection.
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5. Determne long-tine delay by primary current injection

EE R R R R R R R R R R R R R E R R R R R R R R R R R R I R

NOTE: Coordi nate each option with each breaker type

EE R R R R R R R R R R R R R R R R I R R R R I R

[6. Deternine short-tine pickup and delay by prinary current
i njection.]

[7. Deternine ground-fault pickup and delay by primary current
i njection.]

[8. Deternine instantaneous pickup value by primary current
i njection.]

[9. Activate auxiliary protective devices, such as under-voltage
rel ays, to ensure operation of shunt trip devices. Check the
operation of electrically-operated breakers in their cubicle.]

10. Verify correct operation of any auxiliary features such as trip
and pickup indicators, zone interlocking, electrical close and
trip operation, trip-free, and antipunp function

11. Check chargi ng mechani sm

3.5.1.6 Conpact (Ml ded Case) Circuit Breakers Inspection and Tests
Performin accordance with CEl EN 60947-2.

a. Visual and Mechani cal | nspection

1. Conpare naneplate data with specifications and approved shop
dr awi ngs.

2. Inspect circuit breaker for correct nounting.

3. Operate circuit breaker to ensure snooth operation

4. Inspect case for cracks or other defects.

5. Verify tightness of accessible bolted connections and/or cable
connections by calibrated torque-wench nethod. Thernographic
survey is not required

6. Inspect nechani smcontacts and arc chutes in unseal ed units.

b. Electrical Tests for Al Conpact Circuit Breakers

1. Performcontact-resistance tests.

2. Performinsul ati on-resi stance tests.

[c. Electric Tests for Conpact Circuit Breakers with Solid State Trip Units
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Adj ust Breaker(s) for final settings.

Performlong-tine delay tine-current characteristic tests

EE R R R R R R R R R R R R R R R R I R R R R I R

NOTE: Coordi nate each option with each breaker type

EE R R R R R R R R R R R R R R R R R R R R R R R R I R

3.

[ 4.

[5.

[ 6.

3.5.1.7

Determ ne short-tine pickup and delay by primary current
i njection.]

Determ ne ground-fault pickup and tinme delay by prinmary current
i njection.]

Det erm ne i nstant aneous pickup current by primary injection.]
Verify correct operation of any auxiliary features such as trip
and pickup indicators, zone interlocking, electrical close and

trip operation, trip-free, and anti-punp function.]

Current Transfornmers[ and Vol tage Transforners] Inspection and Tests

Performin accordance with CElI EN 60044-1] and CEl EN 60044-2].

a. Visual and Mechani cal | nspection

1.

Conpar e equi pnent nanepl ate data with specifications and approved
shop draw ngs.

I nspect physical and nechani cal condition
Verify correct connection

Verify that adequate cl earances exi st between prinmary and
secondary circuit.

Verify tightness of accessible bolted electrical connections by
calibrated torque-wench nethod. Thernographic survey is not
required.

Verify that all required grounding and shorting connections
provi de good contact.

b. Electrical Tests

3.5.1.8

Performinsul ati on-resi stance tests.
Performpolarity tests.
Performratio-verification tests.

Metering and Instrunmentation Inspection and Tests
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Performin accordance with CEI EN 61010-1
a. Visual and Mechani cal | nspection

1. Conpare equi pnent nanepl ate data with specifications and approved
shop draw ngs.

2. I nspect physical and nechanical condition
3. Verify tightness of electrical connections.
b. Electrical Tests
1. Deternine accuracy of neters.
2. Calibrate neters according to nmanufacturer's published data.
3. Verify all instrunent nultipliers.

4, Electrically confirmthat current transfornmer and voltage
transforner secondary circuits are intact.

3.5.1.9 [ DC Power System ][Al arm System ][and Automati c Power Factor
Conpensating Unit ]Inspection and Tests

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Edit references to natch the systen(s)
specified for the project.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

Performin accordance with[ CEl EN 60831-1,][ CElI EN 60831-2,][ CEl EN
60896-2,][ CEl EN 60143-1,][ CEl EN 60143-3,][ and][ CEl UNI EN 45510-2-3].

a. Visual and Mechanical | nspection

1. Conpare equi pnent nanepl ate data with specifications and approved
shop draw ngs.

2. Inspect physical, electrical, and nechanical condition

3. Verify appropriate anchorage, required area cl earances, and
correct alignnent.

4. Inspect all doors, panels, and sections for paint, dents,
scratches, fit, and nissing hardware.

5. Verify that fuse and circuit breaker sizes and types correspond to
approved shop draw ngs.

6. Verify tightness of accessible bolted electrical connections by
calibrated torque-wench nethod. Thernographic survey is not
required.

7. Confirmcorrect operation and sequencing of the equi pnent.
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8. Cean the equipnent.

9. Exercise all active conponents.

10. Inspect all nmeasuring and indicating devices for correct operation.
b. Electrical Tests

1. Performelectrical tests recomended by the equi pnent
manuf acturer[s].

.5.1.10 Groundi ng System
a. Visual and Mechani cal |nspection

1. Inspect ground system for conpliance with contract plans and
speci fications.

b. Gound Resistance Tests

1. Electrical tests shall be as defined in Section 16303,
"Underground El ectrical Wrk".

.5.2 Fol  ow-Up Verification

Upon conpl eti on of acceptance checks, settings, and tests, the Contractor
shal | show by denobnstration in service that circuits and devices are in
good operating condition and properly perform ng the intended function.]|
Circuit breakers shall be tripped by operation of each protective device.]
Test shall require each itemto performits function not |ess than three
times. As an exception to requirements stated el sewhere in the contract,
the Contracting O ficer shall be given[ 5][ 10] working days' advance
notice of the dates and tines for checks, settings, and tests.

-- End of Section --
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